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Karner Blue Butterfly Habitat Restoration on
Pipeline Right-of-Way in Wisconsin
Fran Lowell and Scott Lounsbury

The Lakehead Pipe Line Company (Lakehead) SEP-II project, constructed in 1997 and 1998,
includes ten miles of pipeline right-of-way in Wood and Adams Counties, Wisconsin where the
federally endangered Karner blue butterfly (KBB) is known to occur. Authorization for incidental
take of KBBs was granted with US Fish and Wildlife Service Terms and Conditions intended to
restore and enhance disturbed KBB habitat. In compliance with these conditions, KBB-occupied
right-of-way was reseeded with a combination of native grasses, lupine, and other KBB nectar
species in fall 1998. Lakehead is required to monitor the right-of-way for three years to determine
the success of this restoration effort. Monitoring includes assessment of frequency and density of
lupine and nectar plants, as well as KBB surveys, which consist of a modified presence/absence
survey during the first year and formal counts in the subsequent two years. First-year monitoring
was conducted in July 1999 during the peak of the KBB second flight. KBBs were observed at 86%
of the sample sites, which was consistent with second-flight results of pre-construction surveys.
Planted nectar species were present on 60-98% of the reseeded property tracts depending on
the species, reflecting good diversity. Frequency within sample plots varied greatly by species,
ranging from zero to 100%. First-year density data reflect the small size of the seedlings, but
seedling coverage was generally good, with some variation between sites due to soil conditions
and amount of disturbance unrelated to the project. Preliminary results suggest that restoration
efforts will, at a minimum, replace disturbed habitat, and will likely enhance KBB habitat in the
long term.
Keywords-. Butterfly, lupine, mitigation, endangered species, reseed

INTRODUCTION

Lakehead Pipe Line Company (Lakehead or the Com
pany) constructed its System Expansion Project-Phase
II (SEP-II project) in 1997 and 1998. The SEP-II project
involved construction of approximately 450-miIes of
24-inch-diameter liquid petroleum pipeline in Wiscon
sin and Illinois. The pipeline in Wisconsin was con
structed adjacent and parallel to an existing pipeline on
a maintained right-of-way along a route that crossed
portions of the known range of the federally listed
endangered Karner blue butterfly {Lycaeides melissa
samuelis) (KBB). To obtain necessary permits to con
struct the SEP-II project, Lakehead participated in an

interagency consultation process that resulted in au
thorization to take KBB provided that several mitiga
tion measures would be implemented to minimize take
and restore habitat. Permit conditions also included a
three-year monitoring program to determine the suc
cess of the restoration effort. This paper describes the
regulatory process that was required by the federal
agencies for compliance with the Endangered Species
Act of 1973 (ESA) as amended, discusses the restora
tion measures implemented in compliance with regu
latory requirements, and summarizes the results of the
first-year post-construction monitoring, conducted in
1999.

OBJECTIVES
E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t: S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
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Within the context of regulatory requirements, the spe
cific objectives of the SEP-II project were to construct
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the project in a manner that would minimize adverse
impacts on the KBB, restore disturbed habitat and, if
possible, enhance habitat for a net benefit to the KBB.
Mitigation measures and restoration and monitoring
plans were developed in accordance with permit re
quirements and based on guidelines provided by the
US Fish and Wildlife Service (USFWS). These activities
were designed and implemented primarily for regu
latory compliance rather than as a controlled research
project.

KARNER BLUE BUTTERFLY STATUS, HABITAT, AND
LIFECYCLE

The KBB was listed as an endangered species by the
USFWS in 1992. Factors contributing to its endangered
status include a reduction in the butterfly's range and
population numbers due to habitat loss, degradation,
and fragmentation; collection pressure; and lack of
habitat protection (WDNR, 1999). The endangered
listing was driven primarily by KBB losses in eastern
portions of its range. The largest and most extensive
remaining populations occur in Wisconsin, Michigan,
and northern Indiana (Lane, 1997).
KBB populations are thought to have originally
occurred as shifting clusters across vast landscapes al
tered by periodic fires. While fires resulted in localized
elimination of the species, vegetational succession fol
lowing the fires promoted colonization and rapid pop
ulation increases. Periodic disturbance, such as that
caused by fires, is necessary to maintain open areas in
which wild lupine (Lupinus perennis), the only known
larval food source for the KBB, can thrive (Lowe et al.,
1990).
Habitat for the KBB is characterized by the presence
of wild lupine. In addition, availability of nectaring
species is an important component that strongly affects
the suitability of KBB habitat (Trick, 1997). KBB habi
tat in the midwestern US includes oak savanna, jack
pine areas, and dune/sandplain communities (Lowe
et al., 1990 and WDNR Karner Blue Technical Team,
1997). In Wisconsin, KBB populations occur in ar
eas with sandy soils mainly across the central coun
ties, with some populations occurring in northwestern
Wisconsin. Known habitat in Wisconsin includes old
agricultural fields reverting to sand prairie, actively
managed brush prairie, semi-closed or closed oak/jack
pine forest with scattered clearings, mowed utility and
road rights-of-way, managed forest lands, and military
training areas (Bleser, 1994 and WDNR, 1999).
The KBB usually has two broods per year. The
first generation hatches in April from eggs that have
overwintered from the previous year. The larvae feed
on wild lupine leaves, and pupate around mid-May.
Adults emerge in late May or early June. During the
first flight, which takes place in June, adult females lay
eggs on or near lupine plants. These eggs hatch after

about a week, and larv^ae feed on lupine for about three
weeks before pupating. Second brood adults emerge in
mid-July and, from July through early August, females
lay eggs on lupine or on plant litter or grass near the
base of the lupine plants. These eggs overwinter to
hatch the following spring (Lowe, et al. 1990 and US
Department of the Interior, undated).

REGULATORY REVIEW PROCESS

Consultations with the USFWS in 1996 identified the
KBB as a federally protected species that could po
tentially be affected by the SEP-II pipeline project. At
the suggestion of the USFWS, lupine surveys were
conducted that year along approximately 80 miles of
the route that were identified by the Wisconsin De
partment of Natural Resources (WDNR) as having
high potential for lupine growth. Where lupine was
present, KBB surveys were also conducted. Through
this process, fourteen segments of the pipeline route
were determined to contain KBB-occupied habitat.
These fourteen segments became the focus of subse
quent regulatory review.
To "take" a protected species, as defined by the
ESA, is to harass, harm, pursue, hunt, shoot, wound,
kill, trap, capture, or collect the species, or to attempt
to engage in any such conduct. The term "inciden
tal take" refers to a take that is incidental to, and not
the purpose of, the carrying out of an otherwise law
ful activity. Because the SEP-II project would result in
the destruction of lupine in KBB-occupied areas, fhe
USFWS determined that incidental taking of KBB eggs
and larvae would occur during construction activi
ties (e.g., clearing, excavation) and future maintenance
activities. Under Section 9 of the ESA, taking of the
KBB during the pipeline construction project would
have been prohibited unless authorization for inci
dental take was obtained. Such authorization would
typically be sought either through an interagency con
sultation under section 7 of the ESA (if other permits or
authorizations were required from a federal agency),
or by applying directly to the USEWS for a permit un
der Section 10 of the ESA. In an unusual coincidence of
timing, however, both processes were ongoing on par
allel tracks as discussed below.
Statewide Incidental Take Permit

During the planning of the SEP-II project, a separate
effort was underway by the WDNR to obtain, under
section 10 of the ESA, a statewide Incidental Take Per
mit (ITP) that would authorize the incidental take of
KBBs on non-federal lands in Wisconsin pursuant to
a Statewide Habitat Conservation Plan (HCP). Parties
to the permit would ultimately include a partnership
of 27 public and private entities, including Lakehead
(WDNR, 1999). The WDNR, in cooperation with the
partnership, was in the process of developing the HCP
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that would outline conservation strategies for the KBB.
In addition, each member of the partnership would de
velop individual Conservation Agreements describing
lands and activities included in the KBB conservation
effort and related activities that the partner agreed to
conduct such as public outreach, monitoring, and re
porting. If the WDNR were successful in obtaining an
ITP, and if the ITP were issued prior to construction
of the SEP-II project, it would have been possible for
project-related take of the KBB to be authorized under
the ITP provided that the project was implemented in
accordance with the HCP and Lakehead's individual
Conservation Agreement. However, when the KBB is
sue was being considered for the SEP-II project, it was
not known when the statewide incidental take appli
cation process would be completed or when the ITP
might be issued. Therefore, Lakehead elected to pur
sue project-specific authorization for incidental take
of KBB through the interagency consultation process
described below. The ITP was eventually issued in
September 1999 (well after construction of the SEP-II
project was complete).
Interagency consultation under Section 7 of the
Endangered Species Act

Because the SEP-II project crossed waters of the United
States, authorization was required from the US Army
Corps of Engineers (Corps) under Section 404 of the
Clean Water Act. Under Section 7(a)(2) of the ESA,
any federal agency that permits, licenses, funds, or
otherwise authorizes an activity must ensure that its
actions will not jeopardize the continued existence of a
federally listed species.
When informal consultation determined that the
pipeline project was likely to adversely affect the KBB,
the Corps requested a formal consultation with the
USFWS in accordance with Section 7 of the ESA. The
Company subsequently prepared a Biological Assess
ment that described the proposed activity, quantified
the estimated take, described measures that would be
implemented to minimize take, and proposed mea
sures to mitigate for unavoidable take. After reviewing
the Biological Assessment and conducting its analysis,
the USFWS issued to the Corps a Biological Opinion
that concluded that the proposed action would not
jeopardize the continued existence of the KBB or result
in the destruction or modification of critical habitat.
The Biological Opinion described reasonable and pru
dent measures to minimize take and specified Terms
and Conditions required in order for the project to be
exempt from the prohibitions of Section 9 of the ESA.
The Terms and Conditions of the Biological Opinion
were incorporated as conditions of the Corps autho
rization. The Terms and Conditions included measures
to minimize take and requirements for site restora
tion, three years of post-construction monitoring, and
ongoing management of the KBB-occupied portions
of the right-of-way. The Biological Opinion concluded
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that, with implementation of the specified measures,
no more than 0.05 ha (0.13 acre) of existing lupine habi
tat would be incidentally taken during construction,
and that a small number of eggs would be taken dur
ing the course of habitat management activities.
The statewide HCP effort was ongoing throughout
this interagency consultation period, and a draft of
the conservation plan was well underway. Protocols
for mitigafion, management of KBB habitat, and mon
itoring for the long-term effectiveness of the HCP had
been developed by the WDNR and were being refined.
These protocols were considered by Lakehead in de
veloping its Biological Assessment, and by the USFWS
in developing its Terms and Conditions and evaluating
the proposed compliance plans. Therefore, the follow
ing sections refer to some of the protocols developed
for the HCP.

KBB-OCCUPIED SITES

Through lupine and KBB surveys conducted in 1996,
fourteen segments of right-of-way in Wood and Adams
Counties, Wisconsin were identified as being occupied
by the KBB (Fig. 1). For the purposes of this work,
"segments" are lengths of right-of-way separated from
adjacent stretches of right-of-way by features such
as streams or roads. The KBB-occupied segments are

Fig. 1. Locations of Kamer blue butterfly-occupied pipeline seg
ments in Wood and Adams counties, Wisconsin.
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numbered consecutively, from north to south, and are
referred to herein as Segments 1-14. Each segment may
include one or more property tracts. The KBB-occupied
segments are not all contiguous and, although a given
segment may have been identified as KBB-occupied,
in several instances lupine was present only in a por
tion of the segment and not continuous throughout the
length of the segment. The 14 segments cumulatively
comprise approximately 15.5 km (9.7 miles) of rightof-way.
The right-of-way in the KBB-occupied areas is gen
erally characterized by dry, sandy soils with little
organic matter. Vegetation surrounding the right-ofway generally comprises red or jack pine plantation
or mixed red oak, bur oak, and jack pine scrub or
woods. Several prairie grasses and forbs are present
in these areas, and dominant species observed in asso
ciation with lupine include sedge {Carex pensylvanica)
and little bluestem grass {Schizachi/rimn scopariurn). The
majority of the lupine was located along the east side
of the existing maintained right-of-way. In many cases,
lupine appeared to be present because of periodic
right-of-way maintenance that controlled growth of
woody vegetation and provided an open area in which
lupine could thrive. At some locations, the lupine ex
tended beyond the right-of-way into adjacent mixed
woods or pine plantations.

ESTIMATED TAKE AND MEASURES TO MINIMIZE TAKE

For the purposes of the Biological Assessment, poten
tial incidental take was estimated as the amount of
lupine that could be affected by pipeline construction
activities. To quantify lupine coverage and estimate
potential take, lupine was delineated in clumps and
patches using civil survey techniques. Clumps were
defined as individual stems or groups of stems that
appeared to belong to one root system, and patches
were defined as areas more or less continuously cov
ered by clumps in relatively close proximity to one
another. Density of lupine within patches was esti
mated based on percentage of lupine ground cover
within each patch. Areas of clumps and patches were
calculated, and the density percentage was applied to
patch areas to estimate the area of lupine coverage
within a patch. Density estimates of lupine coverage
within patches ranged from 2 to 30%.
Lupine survey data were imported to a computerassisted drafting program and used to map the lupine
locations on the right-of-way. Based on this informa
tion, project engineers developed site-specific plans to
avoid as much lupine as practicable. Avoidance mea
sures included narrowing of the construction rightof-way, detouring equipment and personnel around
lupine areas within the right-of-way, and strategic
placement of spoil piles. Lupine to be avoided was
protected by orange safety fencing to prevent access

by equipment and personnel. Lupine that could not
or might not be avoided was included in the esti
mated take. Through this process, it was determined
that the total lupine coverage on the 14 KBB-occupied
segments was approximately 1446 m^ (15,563 ft^), and
that ~520 m’ (5595 ft~), or ~36%, might be taken dur
ing construction.
Lakehead worked with the pipeline contractor prior
to construction to identify avoidance measures and
emphasize the importance of compliance. Environ
mental inspectors helped manage implementation dur
ing construction. With the cooperation of all parties,
avoidance measures were implemented in close ac
cordance with the site-specific plans that had been
developed in advance.

RESTORATION METHODS

Post-construction restoration and monitoring methods
were developed based on guidelines provided by
the USFWS and in compliance with the Biological
Opinion. Reseeding and monitoring plans had to be
approved by the USFWS prior to implementation.
The Terms and Conditions of the Biological Opinion
required that disturbed areas on property tracts where
lupine-occupied habitat occurred prior to construction
were to be reseeded with a mixture of lupine, native
forbs and grasses using seed obtained from local
sources. The total amount of area seeded to lupine was
required to be a minimum of one acre. The native forbs
were to be selected from a list of known KBB nectar
species, including at least four species each of those
used in spring and summer flight.
Based on a list of KBB nectar species developed by
the WDNR, a "KBB seed mix" was developed that
met the required criteria. Table 1 describes the species
included in the KBB seed mix. A local nursery with
extensive experience in prairie restoration provided
seed and installation services. Seed for most species
was obtained from sources within a 80 km (50 mile)
radius of the project area.
Although the Biological Opinion addressed reseed
ing only on property tracts that contained lupine prior
to construction, the Company elected to extend the use
of the KBB seed mix (minus lupine in some instances,
as described below) throughout the full length of each
segment. This decision was made after consideration
of lupine distribution along the right-of-way, seed and
installation costs, logistics of two separate reseeding
operations within a limited area (i.e., application of
KBB seed mix by prairie restoration contractor and ap
plication of standard project seed mix by construction
contractor), ongoing management implications, and
the opportunity presented by this situation to enhance
KBB habitat. Unless the landowner requested other
wise, the KBB mix that included lupine seed was ap
plied to property tracts that had contained lupine prior
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Table 1. USFWS-approved seed mix for KBB-occupied right-of-way segments
Latin name

Common
name

Percent of mix by weight
(excluding nurse crop)

Common milkweed
Butterflyweed
Lanceleaf Coreopsis
Flowering spurge
Rough blazingstar
Wild lupine
Horsemint
Cinquefoil
Black-eyed Susan
Stiff Goldenrod

4.5
1.2
13.7
6.9
1.8
9.7
1.8
0.7
2.8
4.2
47.2

1.1
0.3
10.8
4.3
1.5
0.6
10.5
10.1
17.6
12.1
68.9

2
2
1 and 2
1 and 2
2
1 and 2
2
h
2

Big bluestem
Switchgrass
Little bluestem

7.6
3.8
41.3
52.8

3.9
4.3
22.8
31.1

N/A
N/A
N/A
N/A

100.0

100.0

N/A

Percent of mix by number
of seeds (excluding nurse crop)

KBB flight period^

Forbs
A s c le p ia s s y r ia c a
A s c le p ia s tu b e r o s a
C o r e o p s is la n c e o la ta
E u p h o r b ia c o r o lla ta
L ia t r is a s p e r a
L u p in u s p e r e n n is ^
M o n a r d a p u n c ta ta
P o t e n t illa a r g u ta
R u d b e c k ia h ir ta
S o lid a g o r ig id a

Subtotal
Grasses
A n dropogon g erard i
P a n ic u m v ir g a t u m
S c h iz a c h y r iu m S c o p a riu rn

Subtotal
Total
Nurse crop
L o liu m m u ltiflo r u m

Annual ryegrass

¥

N/A

®List provided by Wisconsin Department of Natural Resources (WDNR).
'’ Lupine included in mix only for property tracts identified as containing lupine prior to construction.
‘^WDNR list indicates that the KBB uses various species within this genus.

to construction. To avoid possible concerns about en
cumbering new landowners with a protected species,
lupine was omitted from the seed mix on property
tracts within the KBB-occupied segments that had not
contained lupine prior to construction. While omitting
lupine would preclude creation of new habitat for KBB
larvae on these properties, seeding of nectaring species
is beneficial for KBB adults, which may travel distances
up to 3.2 km (two miles) (Smith, 1998). Further, pres
ence of nectaring species between lupine sites might
encourage movement between habitat areas, which is
important for genefic interchange and long-term pop
ulation viability. In total, the 14 segments included
49 property tracts, of which 18 were to be reseeded
with the full KBB seed mix (including lupine), and 24
tracts were to be reseeded with the nectar species/nati
ve grass (mix without lupine). Some overlap occurred
during the reseeding process resulting in lupine in
advertently being seeded at a few locations where it
should have been omitted. Seven landowners refused
either seed mix, and two landowners outside of the
KBB-occupied segments requested the KBB seed mix.
The width of the SEP-II construction right-of-way
was generally 29 m (95 ft) wide, including 24.4 m
(80 ft) of permanent right-of-way and 4.6 m (15 ft) of
temporary workspace. Because much of the lupine on
the occupied segments occurred along the east edge of
the right-of-way, the width of the construction right-ofway on these KBB-occupied segments was narrowed at
many locations to avoid lupine. In total, approximately
20 ha (50 acres) were seeded with the full KBB-seed

mix (including lupine), greatly exceeding the required
one-acre area, and about 8.5 ha (21 acres) were seeded
with the nectar species/native grass mix (without
lupine).
Seed was applied at a rate of about 11.2 kg/ha
(10 Ibs/acre) using an eight-foot wide Brillion drop
seeder specially adapted for native seed mixtures.
A nurse crop of annual ryegrass was seeded at 5.6 kg/
ha (5 Ibs/acre). Seeding occurred in late October and
early November, 1998 to avoid fall germination. Mulch
was applied in areas with steep slopes to minimize the
potential for erosion and loss of seed.
Monitoring methods

To determine the success of restoration efforts, the
Biological Opinion required that quantitative data on
density and frequency of lupine and nectar plants be
collected on representative samples of restored areas.
The Company worked with the USFWS to determine
a reasonable level of sampling to achieve compliance
with this requirement in a cost-effective manner.
Monitoring was conducted in July 1999 to coincide
with the peak of the KBB second flight in accordance
with WDNR protocols. Because this timing was also
conducive to plant identification, vegetation sampling
and butterfly monitoring were conducted during the
same time period.
Vegetation monitoring

Quantitative sampling was conducted on property
tracts that contained lupine prior to construction and
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had been reseeded with the KBB seed mix including
lupine. A linear transect was walked along the center
of the construction right-of-way. Sampling was con
ducted on one m^ (11 ft^) sample plots located at 75-m
(248 ft) intervals along the transect. Plots were located
at a random distance and direction from each transect
point. To document species diversity, species within
each sample plot were identified. Density was assessed
by estimating percent coverage. Because seedlings
were in their first year of growth, they were generally
too small to make meaningful estimates of coverage by
individual species. Therefore, coverage was estimated
for each of the following categories:
- native forbs and grasses,
- woody native species (e.g., shrubs),
- perennial weeds,
- annual/biennial weeds, and
- bare ground.
Qualitative monitoring was conducted on property
tracts that were on the KBB-occupied segments where
lupine was not present prior to construction. These
tracts had been reseeded with the nectar species/nati
ve grass mix but without lupine. The monitoring team
walked generally linear transects along the construc
tion right-of-way and recorded the occurrence of the
nectar species that were included in the seed mix. Be
cause this information was recorded on the basis of a
single walk-through, the absence of a species on the
checklist does not necessarily mean that the species
was not present.
KBB monitoring

Because KBB habitat was not anticipated to be fully
re-established during the first year (1999) of monitor
ing, a modified presence/absence assessment of adult
KBBs was conducted during the peak of the second
flight period. In subsequent monitoring years, KBB
abundance will be assessed using the more extensive
monitoring protocols developed by the WDNR for a
statewide effectiveness monitoring program under the
HCP. A WDNR-trained monitor walked the length of
each segment one time and recorded whether KBBs
were observed. Formal counts were not required, but
informal tallies were taken and, where possible, the sex
of butterflies was recorded.
Under the WDNR-defined protocols, KBB surveys
should be conducted on warm, sunny days. In most
cases, the KBB monitoring was conducted when
weather conditions were within acceptable WDNR
guidelines. If conditions were not favorable and no
KBBs were observed, a second site visit was made
when weather conditions had improved.
Although the ITP was not yet in place at the
time this work was conducted, the WDNR had al
ready begun statewide KBB effectiveness monitoring
efforts. Sites for statewide monitoring were selected
from a pool of partner-managed lands, including KBBoccupied portions of Lakehead's right-of-way. In 1999,

four of the Lakehead right-of-way sites, which coin
cided with SEP-II study segments, were selected for
monitoring under the statewide monitoring program.
Where statewide monitoring was conducted on SEP-II
study sites, those findings are included in this paper.

RESULTS AND DISCUSSION
Vegetation

Tracts with lupine prior to construction
Sampling was conducted on a total of 104 sample
plots for the 14 segments. The number of sample
plots on any given segment ranged from 2 to 24. The
results of vegetation sampling were used to make a
preliminary determination regarding the success of the
reseeding effort. The information collected was not
analyzed statistically as this work was not designed
as a research study and, other than the area of lupine
present prior to construction, no baseline data are
available for comparative purposes. Purther, although
sampling information has been condensed to segments
in the tables below to summarize preliminary results,
extrapolation of quantitative data to entire property
tracts or segments should be avoided because of the
early stage of development of the perennial seedlings
during this first year, high variability among samples,
and the dynamic state of the study area. Nonetheless,
the data collected provide a good picture of overall
reseeding success. The results of second-year sampling
will be used to determine quantitatively whether the
amount of lupine affected by construction has been
replaced. Tables 2 and 3 provide summary results of
frequency and density monitoring, respectively.
Some key observations based on sampling of tracts
on which lupine was present prior to construction are
provided below:
- Lupine was observed on all reseeded segments and
was present in 41% of the sample plots.
- All reseeded segments contained native grasses,
which were observed in 93 of the sample plots (89%).
- Four of the segments contained all ten of the native
forbs planted, and five segments contained nine
species. Remaining segments contained from five
to eight of the forbs, including species that were
observed on three segments where they were not
captured in sample plots.
- The most frequently occurring forbs were blackeyed Susan (present in 86% of the sample plots)
and lanceleaf coreopsis (present in 74% of the sam
ple plots). The least frequently occurring forbs were
rough blazingstar (present in 14% of the sample
plots) and common milkweed (present in 18% of the
sample plots). These species, as well as butterflyweed and cinquefoil, appear to be slower to develop
than some of the other species, and it is anticipated
that they will be observed with greater frequency
during subsequent monitoring.
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Table 2. Species frequency summary by segment for property tracts seeded with KBB seed mix including lupine
Seg.
No.

Approx, total
length of tracts
(m)

Number of sample plots in which species present

No.
sample plots

■0
01
0)
g
£ 5
£
u 1
0

1
2
3
4

a

6

5
7
8'’
9
10
11
12
13^

14d

305
1106
183
430
N/A*"
1758
626
866
333
529
381
1296
349
100

4
15
3
5

0
0
1
0

24
9
6
5
7
4
15
5
2

8
3
0
1
2
2
1
1
0

G
1-1
0;
D
CD

C
.s s

f-i
"to
’v
^

c
tc
hJ

9,
^
0
u

0

3
11
3
2

8
3
2
2
2
2
5
0
0

22
8
5
4
6
3
8
2
0

2
4
0

ro

•^S fli

r- ^fbC
D .3
N
0

1 1

Xi

3
0
0

1
5
1
1

4
2
2
1
1
0
1
0
0

7
6
3
2
4
4
9
0
0

1

3
9
2
0

21
7
4
2
4
4
10
1
1

1

c
Q.

X

4
12
3
2

17
9
4
3
5
1
5
1
0

01
3
cr
.5
u

T3
Oi
01
S
^
^ 3
CD CD
u

^ ’0
CD 0

t/!)
0tfi1
tA
(b
Ui
bc
01
_>
"re
z

y.
c

01

1

3

6
2
0

15
3
2

3
14
0
0

4
15
3
4

8
4

21
8
6
4
6
4
13
4
0

14
3
1
1
3
4
5
1
1

23
9
6
4
5
2
12
4
2

3
0
3
2
3
2
0

^On Segment 4, butterfly weed was observed in the right-of-way but not in sample plots.
'’ On Segment 8, one property tract (426 m) had been tilled and reseeded by landowner to clover and bluegrass.
‘'On Segment 13, lupine was observed in the right-of-way but not in sample plots.
*^On Segment 14, lanceleaf coreopsis, wild lupine, horsemint, and black-eyed Susan were observed on the right-of-way but not in sample plots.
^Segment is single property tract for which landowner refused KBB seed mix.

Table 3. Density summary by segment for property tracts seeded with KBB mix including lupine
Seg.
No.

1
2
3
4
5
6
7
8='
9
10
11
12
13
14

Average percent coverage by vegetation category

Approx, total
length of tracts
seeded with lu p in e
(m)

No. of
sample
plots

305
1107
183
430
1760
n /a '’
626
867
333
530
381
1297
350
100

4
15
3
5
24

9.3
8.1
33.3
45
26.5

9
6
5
7
4
15
5
2

38.3
33.3
12.2
36.4
37.5
20.7
11.4
3.0

Percent native
forbs and
grasses

Percent woody
native species

Percent perennial
weeds and
non-natives

Percent annual or
biermial weeds
and non-natives

Percent bare
ground

<1
7.6
11.7
0.4
12.0

29.8
44.3
13.3
14.0
18.4

60.8
39.8
41.7
38.6
39.9

10.1
6.7
14.0
1.4
5.3
7.3
10.0
2.5

21.1
10.8
32.0
21.6
9.0
9.0
14.4
15.0

29.9
48.3
41.8
34.7
47.0
38.5
46.8
79.0

3 .2

0 .6
0 .8

5 .9
1 .3

16.5
17.4

Percent other
(e.g., trees)

8.0
0.5

■*On Segment 8, one property tract (426 m) had been tilled and reseeded by landowner to clover and bluegrass.
'’ Segment is single property tract for which landowner refused KBB seed mix.

Percentage of bare ground was relatively high, with
averages on segments ranging from about 30% to
79%. Three factors may contribute to the high per
centage of bare ground: (a) the very sandy soil con
ditions in this area, which generally support sparser
natural vegetation; (b) the small size of the seedlings;
and (c) the occurrence of bare spots on the right-ofway due to landowner activities, traffic by private

vehicles (e.g., snowmobiles and all-terrain vehicles),
and erosion.
Native species coverage, which ranged from zero
to 90% across all sample plots, varied considerably
within and between property tracts. This variability
may be due to in part to post-seeding disturbance,
as described above, and in part to differences in
soil moisture among segments. These factors, in
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combination with the natural slow development
of these perennial species, may result in different
germination and growth rates.
Non-lupine tracts
Qualitative sampling was conducted on property tracts
that did not contain lupine prior to construction. Di
versity was generally good on non-lupine property
tracts comprising about 8.5 ha (~21 acres) of disturbed
right-of-way, which were reseeded with the nectar
species/native grass seed mix without lupine. Four
segments contained only property tracts that were re
seeded with lupine, and applicable landowners on
four segments refused the nectar species/native grass
mix; key observations are summarized below for the
remaining six segments:
- Native grasses were observed on all segments.
- Of the nine nectaring forbs planted, all nine were
observed on five of the segments and eight were
observed on the remaining segment.
- The most infrequently observed species were com
mon milkweed and cinquefoil, which were observed
on the fewest number of non-lupine property tracts.
These species are among those that appear to be
slower to develop, and were generally more difficult
to see while walking over the right-of-way. There
fore, the actual occurrence of these species may be
higher than observed.
- Lupine was observed on five property tracts on
which it was to have been omitted from the seed
mix. It appears that the lupine on these tracts was
a result of inadvertent overlap during seeding.
Butterflies

KBBs were observed at 12 of the 14 right-of-way seg
ments (Fig. 2). No butterflies were observed at Seg
ments 2 and 6, both of which had relatively low but
terfly counts during the 1996 pre-construction survey.
Although the 1999 monitoring protocol did not call for
butterfly counts, an informal tally was maintained by
the monitoring team. Numbers of butterflies observed
on a given segment during the 1999 SEP-11 monitoring
effort ranged from zero to 10.
Butterfly monitoring results are provided in Table 4.
The table includes FICP effectiveness monitoring re
sults for those sites that coincided with the SEP-II
study sites as well as second-flight counts from the
1996 KBB survey (pre-construction). Because of varia
tions in methodologies, direct comparisons among the
sampling events may not be appropriate, but some ob
servations can be made.
Where the HCP statewide effectiveness monitor
ing sites coincided with the SEP-II sites, numbers
of butterflies observed during the HCP effectiveness
monitoring were considerably higher. The difference
may be due to the more formal survey protocol used
during the effectiveness monitoring (including more
than one visit), and to weather conditions, which were

Fig. 2. Karner blue butterfly on SEP-II right-of-way.

especially favorable during HCP effectiveness moni
toring. At all four of the sites where HCP effectiveness
monitoring was conducted, the number of butterflies
observed exceeded the second-flight counts in the 1996
pre-construction survey.

CONCLUSIONS

KBB-occupied lupine along the SEP-II pipeline rightof-way was identified and quantified in advance of
construction. Where possible, avoidance measures
were designed, implemented and enforced, and where
avoidance was not possible, mitigation measures were
implemented to restore habitat. Although success of
restoration could not be conclusively determined af
ter one year due to the small size of seedlings and
various rates of growth of different species, first-year
monitoring results were encouraging. Results suggest
that post-construction reseeding with lupine, nectar
species, and native grasses has been generally success
ful and will likely exceed USFWS requirements.
Seedling native grass and forb species included in
the KBB seed mix were common at most of the study
sites, diversity on most segments was good, and plants
generally appeared to be in good health. Seedlings
were in an early stage of development during firstyear monitoring, and it is not uncommon for perennial
species to delay germination until the second (or
subsequent) growing seasons. Therefore, while 1999
data provide a positive snapshot of restoration success,
frequency and density of nectar species are expected to
be higher during subsequent monitoring.
Results of butterfly monitoring exceeded expecta
tions and indicate that the majority of the areas that
were KBB-occupied prior to construction were again
occupied in 1999. Although habitat on the right-of-way
was not yet fully re-established, KBBs were present on

Karner blue butterfly habitat restoration
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Table 4. 1999 KBB monitoring results
Segment
No.

Total KBB observed
during 1999 SEP-II
monitoring‘s

Total KBB observed
during 1999 HCP
effectiveness monitoring's

KBB observed during
second flight in 1996
surveys (pre-construction)

1
2
3
4
5
6
7
8
9
10
11
12
13
14

4
0
1
1
2
0
9
2
1
10
3
2
2
1

11
N/A
2
N/A
N/A
N/A
N/A
17
N/A
N/A
18
N/A
N/A
N/A

10
3
1
1
7
0
0
5
11
19
11
19
2
20

Total

38

109

Total in 1999 based on maximum observed at each site: 76.
^Formal counts were not conducted. Numbers provided are based on informal tallies and reflect the highest number of KBBs observed at a site
on a single day.
Numbers reflect the total number of KBBs observed at each site during three second-flight surveys.

most segments and in relatively high numbers com
pared to those recorded prior to construction. The
KBBs were observed both in areas that were fenced
off during construcfion to protect existing lupine, and
on disturbed portions of the right-of-way that were re
seeded with the KBB seed mix. Where HCP statewide
effectiveness monitoring (which was conducted in bet
ter weather conditions and using more formal proto
cols) occurred on the SEP-Il study sites, results were
higher than those obtained during this work, suggest
ing that informal counts conducted on other sites may
have underestimated the number of KBBs present.
Annual and biennial weeds were common on most
segments; perennial weeds were present but less abun
dant. However, weeds did not generally appear to
be outcompeting native species, perhaps due to the
sandy soil conditions, which are not conducive to
dense weed growth. Further, it is common for weeds
to be present following native prairie seeding, with
the slower-growing native species eventually gaining
dominance as they become established. The need for
special weed-control measures will be re-evaluated
during 2000 monitoring.
In summary, the preliminary results of post-con
struction monitoring on the Lakehead SEP-II project
right-of-way suggest that with proper mitigation,
short-term, temporary disturbance of KBB habitat will
not necessarily result in long-term adverse impacts
on the KBB. This experience also suggests that with
landowner cooperation, such mitigation can be reason
ably incorporated into a pipeline construction project
and may offer the opportunity to enhance KBB habitat
without significantly higher restoration costs.

When considering implementation of measures to
enhance KBB habitat, it is recommended that implica
tions for future operation, maintenance, and expansion
activities on restored rights-of-way be carefully consid
ered. To the extent possible, requirements for future
management and expansion activities should be dis
cussed during the regulatory process in which the
initial take is authorized and specified in the autho
rization. Where the take is authorized through an ITP,
measures to be implemented during ongoing main
tenance activities should be included in the Habitat
Conservation Plan required under Section 10 of the
ESA. Where authorization is provided in a Biological
Opinion as a result of interagency consultation under
Section 7 of the ESA, the applicant should seek to have
requirements pertaining to future activities included in
the Terms and Conditions of the Biological Opinion.

ADDENDUM — PRELIMINARY 2000 RESULTS

Second-year vegetation and butterfly monitoring was
completed in late July 2000. Due to production sched
ules, those results cannot be incorporated into this
paper. A few observations from 2000 monitoring are
worth noting and are provided below: The total per
centage of bare ground in vegetation samples has
decreased by more than 10 percent as the native species
included in the KBB mix have become larger and
slower-growing species have begun to grow.
The relative percentage of weeds, particularly an
nual and biennial weeds, is substantially lower than in
1999.
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Total second-flight butterfly counts for 2000 exceed
the second-flight totals from the 1996 pre-construction
KBB surveys.
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E ffects of P ow erline R igh t-o f-W ay V egetation
M an ag em en t on A vian C o m m u n ities

James S. Marshall, Larry W. VanDruff, Scott Shupe, and Edward Neuhauser

S h ru b -d o m in a te d h a b itats a n d th e b ird s th a t n e st in th e m are d eclin in g in th e N o rth e a s t. R ig h tso f -w a y c a n p ro v id e p ro d u c tiv e a v ia n h a b ita t w ith a p p r o p ria te v e g e ta tio n m a n a g e m e n t. T h is
s tu d y e v a lu a te d th e a v ia n p ro d u c tiv ity o f tw o rig h t-o f-w a y v e g e ta tio n m a n a g e m e n t o p tio n s. W e
m e a s u re d a v ia n d e n s ity a n d n e stin g su c ce s s o n tw o a d ja ce n t p o w e r lin es n e a r R o m e , N Y . T h e
m o w e d line h a d m o re n e stin g b ird s th a n th e h e rb icid e -tre a te d line. T h e m o w e d lin e h a d m o re
sh ru b co v e r, a n d b ird s h a d m o re te rrito rie s a n d n ests in a re a s w ith m o re sh ru b co v er. M o w in g
m a y c re a te b e tte r s h o rt-te rm h a b itat fo r b ird s, b u t s e le ctiv e h e rb icid e tre a tm e n ts m a y c re a te a
m o re stab le lo n g -te rm sh ru b layer. S ince n e ith e r tre a tm e n t p ro v id e d m o re p ro d u c tiv e h a b itat,
w h ich e v e r tre a tm e n t p ro d u c e s m o re ab u n d a n t stab le h a b ita t w o u ld b e m o re b en eficial fo r b ird s.

K eyw ords: R ig h t-o f-w a y , b ird s, sh ru b s, s e le ctiv e h e rb icid e

INTRODUCTION

Researchers have recently implicated power line
rights-of-way as a source of forest fragmentation nega
tively affecting nesting birds of forest interiors (Askins, 1994). Given the increasing demand for electric
ity and therefore rights-of-way to transmit electricity,
whatever problems rights-of-way cause are likely to
continue for the foreseeable future. Despite the nega
tive impacts, do rights-of-way provide any benefits to
avian communities?
Rights-of-way may be beneficial if considered as
habitat instead of a disruption of habitat. Forest bird
species are not the only birds experiencing declines.
Birds of early successional habitats are also in decline
(Askins, 1994). Agricultural land use in the Northeast
has declined in the last few decades, and much aban
doned farmland has become secondary forest (Porter
and Hill, 1998). The decrease in adequate nesting habi
tat has led to declines in shrub-nesting bird species
like the golden-winged warbler (Vermivora chrysoptera).
Many other species in early successional habitats ex
hibit a preference for nest sites with relatively heavy

Environmental Concerns in Rights-of-W ay
M anagem ent: Seventh International Symposium
J.W . G o o d r ic h -M a h o n e y , D .F . M u t r ie a n d C .A . G u ild (e d ito r s )
© 2 0 0 2 E ls e v ie r S c ie n c e L td . A ll r ig h t s r e s e r v e d .

shrub cover (Knopf and Sedgewick, 1992; Burhans and
Thompson, 1999). Managing right-of-way habitat for
shrubs potentially makes a necessary narrow corridor
into beneficial bird habitat for at least some species.
Mowing, selective herbicide treatments, or a com
bination of the two could provide suitable nesting
habitat for shrubland birds. Studies have shown that
both treatments provide nesting habitat with relatively
high fledging rates (Chasko and Gates, 1982; Bram
ble et al., 1994). Bird densities were highly positively
correlated with shrub cover (Chasko and Gates, 1982;
de Waal Malefyt, 1987). Densities declined after mow
ing, but remained constant or increased after selective
herbicide treatments. The treatment producing a more
stable, denser shrub layer should therefore provide
birds with the best nesting habitat.
The purpose of this study was to investigate the
relationship between birds and shrub cover in power
line rights-of-way. Although bird density has often
been correlated with shrub cover (Bramble et al., 1992),
few studies have explicitly considered nest density
and shrub cover (Chasko and Gates, 1982), and none
have provided a sufficient comparison of nest success
between mowing and herbicide treatments. Because
density may not accurately reflect nest success (Vick
ery et al., 1992), such considerations are especially
important. If mowing or selective treatment with her
bicides does promote increased nest densities with
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high nest success, then these treatments will produce
viable habitat for threatened shrub-nesting species.
The objectives of this study were to; (1) compare
vegetation between the two treatments, (2) compare
territory and nest density between the two treatments,
(3) determine if bird density is related to vegetation,
and (4) compare nest success between the two treat
ments.

STUDY AREA

The two power lines we studied run through a com
mon right-of-way centered north of Rome, New York.
The Volney-Marcy line, operated by the Niagara Mo
hawk Power Corporation, was cleared in 1982 and
has since been managed using Niagara Mohawk's In
tegrated Vegetation Management strategy (Finch and
Shupe, 1997). The adjacent Fitzpatrick-Edic line, oper
ated by the New York Power Authority, was cleared
in 1971, and through 1985, received selective herbicide
treatments. From 1985 to 1999, the vegetation manage
ment switched to mechanical treatments that included
mowing. NYPA managers have since resumed selec
tive herbicide treatments.
The right-of-way cuts through a landscape that is a
mix of eastern deciduous forest and agricultural land.
Agricultural activities on the right-of-way are usually
limited to cattle pastures. The right-of-way is other
wise a shrub community or various types of wetlands.
Beaver (Castor canadensis) ponds and many other areas
are flooded and dominated by emergents like cattails
(Typlia spp.). Drier areas on the Volney-Marcy line are
dominated by herbaceous species, especially goldenrods (Solidago spp.). Shrub cover, when present, is usu
ally northern arrowwood (Viburnum recognitum), nannyberry (Viburnum lentago), and various Spirea species.
Shrub cover was noticeably denser on the FitzpatrickEdic line, but usually included the same species, with
occasional patches dominated by willow (Salix spp.) or
honeysuckle (Lonicera spp.).
We chose six sites along a twenty-five mile stretch
of the right-of-way. The closest sites were within two
miles of one another, but most sites were separated by
fiv'e o r m o r e miles. Each site was surrounded by for
est, relatively free of running or standing water, and
free of agricultural activity. We established two adja
cent 300 m plots at each site, one under each power
line. The Volney-Marcy plot receiv^ed a consistent her
bicide treatment across the full 300 m. Our information
suggests that the Fitzpatrick-Edic plot was mechani
cally treated with at least some mowing.

METHODS
Vegetation in the two treatments

To compare the general vegetation present in the two
treatments, we measured vegetation in three systemat
ically established subplots within each plot. The plots

were under the center power line — one in the mid
dle of the plot, and the other two each 50 m into the
plot. We established a 5-m radius circle at each of these
points. We counted all stems above 50 cm within that
circle and estimated the percent cover of herbaceous
plants, ferns, and shrubs.
Bird density and nest success

To quantitatively survey avian community composi
tion, we used spot-mapping as outlined in the Inter
national Bird Census Committee (1970) guidelines. We
used color-coded PVC pipe to establish a grid in each
plot. The poles were under the center line of each
power line and down the line dividing the two plots
at each site. Poles were spaced at 50 m intervals. We
recorded bird contacts on a map of this grid.
We intensively searched for and monitored nests on
two plots every morning from May 17 through the
end of July. We monitored a few nests through early
September. We marked discovered nests with a small
piece of flagging about five to ten meters from the nest
and then monitored each nest every three to four days
until failure or fledging of the nestlings. A nest was
considered active once an egg appeared and fledged if
nesflings disappeared at an appropriate time for that
species.

DATA ANALYSIS
Vegetation differences between the two treatments

Vegetation on the two lines was noticeably different
from visual inspecfion. We used the general vegetation
subplots to analyze the differences. We categorized
each plant species as herbaceous plant, fern, Rubus,
shrub, or tree. Shrubs referred to all woody species
that when mature grow as multiple stems from ap
proximately the same place. Trees included all species
that typically occurred as single-stem plants once ma
ture. Although Rubus species are generally considered
shrubs and were considered as shrubs in percent cover
analyses, we separated them from shrubs for stem
count analyses. Rubus stems usually equaled or ex
ceeded all other shrub stems combined, making them
a disproportionately important group in the right-ofway; and Rubus grows as dense stands of thorny stems.
We pooled all plots on a line to compare against all
plots on the other line using a two-sample t-test. We
ran these tests on the three cover categories and the
five stem count categories.
Territory and nest differences between the two
treatments

We used paired t-tests to test for differences in indi
vidual species territory density between mowed and
herbicide treatments. We first standardized density by
dividing the number of territories on each plot by the
area of the plot in hectares since most plots differed
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VEGETATION CATEGORY
F ig . 1. A v e r a g e p e r c e n t v e g e t a tio n c o v e r o n F i t z p a t r i c k - E d i c ( F - E ;

n=

1 8 ) g e n e r a l v e g e t a tio n p lo ts a n d o n V o l n e y - M a r c y ( V - M ;

n=

17)

g e n e r a l v e g e t a t i o n p lo ts . N e w Y o rk , s u m m e r 1 9 9 9 . E r r o r b a r s r e p r e s e n t s t a n d a r d e r ro r, a n d p -v a lu e s a re fr o m t w o - ta ile d , p o o le d - v a r ia n c e t- te s t s
c o m p a r in g a v e r a g e p e r c e n t c o v e r o n F i t z p a t r i c k - E d i c g e n e r a l v e g e t a tio n p lo ts a n d a v e r a g e p e r c e n t c o v e r o n V o l n e y - M a r c y g e n e r a l v e g e t a tio n
p lo ts .

in size. We did not attempt to correct for small areas
within plots that birds may have been less likely to use.
We then used the number of territories per hectare on
a plot as one observation and compared the number of
territories per hectare in one treatment to the number
of territories per hectare in the other treatment. Finally,
we also pooled all species in a plot for a total territory
comparison between the two treatments.
We also compared the number of nests between the
two treatments. As with territories, we summed across
all nests of each species in each plot and standardized
by dividing by plot area. We used two-sample t-tests
to compare the number of nesfs per hectare of each
species between the two treatments. We also pooled
the nests of all species and compared total nests per
hectare between the treatments.
Relationship between bird density and vegetation

To evaluate the relationship between bird density and
vegetation, we ran a set of regressions of sfem counts
on number of territories and number of nests per
hectare. We used the stem count data from the non
nest plot surveys. We pooled all species for the average
number of territories and nests per hectare for each
plot. We first ran a simple linear regression of to
tal stem count per plot on territories and nests per
hectare. We then used a backwards stepwise proce
dure to choose the vegetation categories that had the
most influence on the numbers of territories and nests
in each plot. The vegetation categories were the five
above-listed stem count classes. Variables were entered
and removed from fhe model at an alpha level of 0.15.
Evaluation of the residuals showed that although the

errors were not normally distributed, they were inde
pendent with constant variance. Normality is a minor
concern in regression imless conducting hypothesis
tests or constructing confidence intervals (Moore and
McCabe, 1999).
Nest success

We estimated daily survival probabilities for nests of
each species using Mayfield's (1975) method. We also
calculated standard errors for these estimates (John
son, 1979). We then used the program CONTRAST
(Sauer and Williams, 1989) to compare daily survival
estimates of each species befween the two treatments.
For all tests, the significant alpha level was 0.10. We
report p-values, however, because some relationships
were much more significant than others, and because
any alpha level is an arbitrary measure of significance
(Johnson, 1999).

RESULTS
Differences in vegetation between the iines

Vegetation subplots on the mowed Fitzpatrick-Edic
line had more shrub (df = 31, f = 2.864, p = 0.0075) and
fern cover (df = 31, f = 2.974, p = 0.0056) than vege
tation subplots on the herbicide-treated Volney-Marcy
line, but the herbaceous cover was not significantly dif
ferent (P > 0.10) (Fig. 1). In contrasts of stem counts
between the two treatments, non-nest vegetation plots
on the mowed Fitzpatrick-Edic had more ferns (df =
33, t = 2.689, p = 0.011) and shrubs (df = 33, f = 2.471,
p z= 0.019) than non-nest plots on the Volney-Marcy
(Fig. 2).
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Densities of territories and nests

Fourteen species had detectable territories from spot
mapping, eleven on the Fitzpatrick-Edic plots and
thirteen on the Volney-Marcy plots (Fig. 3). Only
song sparrows and common yellowthroats (Geotlilypis
triclws) had mappable territories on all twelve plots.
Most species were not more abundant on one of
the two treatments. Two species, alder flycatcher (Etnpidonax alnorum) and common yellowthroat, exhibited
significantly different densities between the treatments
(ALFL: df = 5, f = 4.366, p = 0.0073; COYE: df = 5,
t = 3.501, p = 0.017). They were far more abundant
on the mowed Fitzpatrick-Edic line. Chestnut-sided

warblers had a weakly significant tendency to be on
the Eitzpatrick-Edic line (df ~ 5 , t = 2.017, p — 0.10).
The song sparrow was the only species with a weakly
significant preference for the herbicide-treated VolneyMarcy line (df = 5, f = 2.0579, p = 0.095) (Fig. 3).
We found a total of 134 nests of fourteen species
(Fig. 4). Eighty-nine (66%) of those nests were on the
mowed Fitzpatrick-Edic line. Although most species
did not nest more frequently on one or the other power
line, alder flycatchers and chestnut-sided warblers
both nested far more commonly on the FitzpatrickEdic line (ALEE: df = 10, f = 2.689, p = 0.023; CSWA:
df = 10, t = 2.66, p = 0.024), and the American gold-

ROW vegetation management on avian communities

359

Fig. 4. Nests per hectare of all bird species with nests on the Fitzpatrick-Edic (F-E) and Volney-Marcy (V-M) lines, New York, summer 1999.
Asterisks indicate significant differences at an alpha of 0.10.

finch and yellow warbler nested somewhat more often
on that line (AMGO: df = 10, f = 1.948, p = 0.080;
YWAR: df = 10, f = 2.111, p = 0.061) (Fig. 4).

sp.), striped skunk {Mephitis mephitis), gray fox {Urocyon cinereoargenteus), coyote {Canis latrans), domestic
cat {Pelis catus), and eastern garter snake {Thamnophis
sirtalis).

Relationship between bird density and vegetation

Total stem count per plot was not correlated with the
number of territories or the number of nests in a plot
(r^ < 0.01). In the stepwise territory regression, how
ever, the average number of shrubs was significantly
positively related to the number of territories (F =
19.702, df = 1, p = 0.002; — 0.687). Shrubs were also
positively related to the number of nests ( f = 10.321,
df = 1, p = 0.012; r^ = 0.631).
Nest success

Overall percent nesting success for 120 nests of all
species was 55.8% with 55.1% success in 78 FitzpatrickEdic nests and 57.1% success with 42 Volney-Marcy
nests. CONTRAST comparisons of Mayfield daily sur
vival probabilities for nests of each species between the
two treatments showed only one moderately signifi
cant difference for yellow warblers which were more
successful on the herbicide-treated Volney-Marcy line
(df = 1,
= 4.212, p = 0.040). The overall daily sur
vival probabilities for all species combined did not
differ between the treatments.
We observed only one nest predation event — an
eastern chipmunk (Tamias striatus) feeding on eggs in
a song sparrow nest. Exploratory artificial nest studies
using clay eggs in other areas of the right-of-way in
dicated that eastern chipmunks and mice {Peromyscus
spp.) were the most common visitors to nests. Other
potential predators observed in the right-of-way in
cluded blue jay (Cyanocitta cristata), American crow
(Corvus brachyrhynchos), common raven {Corvus corax),
common grackle (Quiscalus quiscala), weasel (Mustela

DISCUSSION

The mowed Fitzpatrick-Edic line had higher densities
of both shrubs and ferns. Territory and nest densities
were also greater on the Eitzpatrick-Edic line. Shrubs,
but not ferns, were highly correlated with bird density.
In general, species nested with equal success between
the two treatments. As a result, even though success
was equal between the treatments, the differences in
abundance suggests that the mowed line produces
more young per hectare than the herbicide-treated line.
Bird density

Past research has used abundance as the measure
of habitat quality without spending the enormous
amounts of time necessary to gather nest success
data. Territory density, which we mostly determine by
singing males, may be a misleading indicator of habitat
quality (Vickery et al., 1992). Many inexperienced
males unable to secure territories in better habitat may
congregate in suboptimal habitat. Such a concentration
of birds rarely results in high productivity. In this
study, however, nest success data did not contradict
density data. Birds nested with equal, relatively high
success on either line, regardless of density. Wherever
birds could find suitable nesting habitat, they seemed
to nest successfully.
Treatment implications

Based on the literature, we expected the Volney-Marcy
line to have a more substantial shrub layer than the
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Fitzpatrick-Edic line. We found the opposite to be
true. Two factors may explain this vegetation pro
file. Mowing promotes shrub growth. A tree's root
system usually has as much biomass as its above
ground stems and leaves. When the stems are cut,
food stored in the roots supports vigorous sprouting
from the stump. The single cut stump often sprouts
ten to fifteen new stems, compounding a vegetation
manager's work. Many woody species of open habi
tats also sprout stems whenever roots reach near the
surface, a process called "root-suckering" (Johnstone,
1990). The mowing on the Fitzpatrick-Edic line should
encourage stump-sprouting which could easily result
in a dense shrub layer. In addition to mowing concerns,
the Fitzpatrick-Edic line is ten years older. That extra
time may have allowed shrubs to invade more fully.
Several patches of shrubs have invaded the VolneyMarcy line, but most of the line is still dominated by
herbaceous cover. We cannot separate time since initial
clearing from treatment effects with our study design,
but we suspect that both factors have influenced the
current vegetation profile. Given another ten years, the
Volney-Marcy line vegetation may resemble the vege
tation of its neighbor.
Nesting success

Birds need productive nesting habitat, regardless of
how it came into existence. Both lines provided such
habitat. Overall nesting success was over fifty percent,
which agrees with other right-of-way studies (Bram
ble et al., 1994) but is higher than average for open-cup
nesters (Martin, 1993). Nesting success did not differ
between the two lines except for the yellow warbler.
In that case, the only nesting on the Volney-Marcy
line was two successful nests. Given a larger sample,
we would not expect a difference. The fact that both
lines were equally productive indicates that either veg
etation treatment can provide suitable nesting habitat.
The only difference between the lines is the quantity of
nesting habitat available.
The quantity of available nesting habitat was re
lated to shrub cover. From a management perspective,
whatever treatments provide the densest shrub cover
for nesting birds should be the recommended treat
ments. Our results suggest that mowing is the best
option. Some caveats must, however, be considered.
This study occurred several years post-treatment. Af
ter several years of regrowth, the mowed FitzpatrickEdic line has a dense shrub layer, but immediately after
mowing that shrub layer will disappear. The dimin
ished shrub cover may not regenerate for one or even
two years (Bramble et al., 1992), and the high undesir
able stem density currently characterizing the mowed
plots will eventually necessitate treatments every two
to four years (McLoughlin, 1997). Most songbirds have
a reproductive life of only one to two years (Ehrlich et
al., 1988). Mowing will therefore produce habitat that
is unsuitable for maintaining a viable breeding bird

population. Such instability would certainly limit the
long-term productivity of right-of-way habitat.
Selective herbicide treatments may take longer to
develop dense shrub layers. Once in place, however,
these shrub layers will change only moderately with
further treatments. Viewed from a long-term perspec
tive, the stable shrub layer of selective herbicides may
be more beneficial to birds than the variable shrub
layer produced by mowing. Chasko and Gates (1982)
reported a correlation between birds and shrubs, and
bird density was higher on sites treated with selective
herbicides.
Other limitations of the study leave the conclusions
open to further scrutiny. All of the conclusions were
based on a one-year study. Central New York experi
enced a severe drought in 1999. That drought could
have altered the usual ecology of the right-of-way.
Many of the conclusions were also based not on indi
vidual species, but on all of the species pooled. This
pooling brings together species with very different
nesting ecologies and may obscure significant differ
ences. Unfortunately, small sample sizes precluded
individual analysis in most cases. In species that were
individually analyzed, samples were small and pooled
across sites with often drastically different landscape
and habitat characteristics. Such sources of variation
may also obscure important differences. The six sites
were relatively small and spread over twenty-five
miles of right-of-way. Large portions of the right-ofway are either wetland habitat or agricultural lands.
Conclusions drawn from such a small portion of the
right-of-way may not translate well up to the whole
right-of-way. Finally, we used only one right-of-way
for each treatment. Without replication, conclusions
drawn about treatments are applicable to this right-ofway but should be applied far more cautiously to other
rights-of-way.
With these limitations in mind, our results still pro
vide useful information on birds in rights-of-way. The
bird community significantly preferred the mowed
Fitzpatrick-Edic line. That line had much denser shrub
cover than the Volney-Marcy line. Bird density was
highly correlated with shrub density. Given that pref
erence, fhe presence of more birds on the line with
more shrubs was not surprising. Time since right-ofway clearing and vegetation treatment may both con
tribute to the dense shrub layer, but which is most im
portant is not clear from this study. Regardless of how
the shrubs became established, birds of early successional habitats do successfully nest in the right-of-way.
If maintaining these populations is an important goal,
then right-of-way managers should encourage shrub
growth. Further study of immediate post-treatment
effects, however, is necessary to evaluate which veg
etation management methods would most benefit bird
populations.
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ABBREVIATIONS USED IN FIGURES

WITU: Wild Turkey
ALFL: Alder Flycatcher
EAKl: Eastern Kingbird
HOWR: Flouse Wren
VEER: Veery
AMRO: American Robin
GRCA: Gray Catbird
CEDW: Cedar Waxwing
BWWA: Blue-winged Warbler
YWAR: Yellow Warbler
CSWA: Chestnut-sided Warbler
COYE: Common Yellowthroat
EATO: Eastern Towhee
FISP: Field Sparrow
SOSP: Song Sparrow
INBU: Indigo Bunting
BHCO: Brown-headed Cowbird
AMGO: American Goldfinch
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Fragmentation Effects Caused by
a Power Line Right-of-Way on a Mid-Elevation
Forest Bird Community in Central Colombia
Loreta Rosselli and Susana De La Zerda

In this first Neotropical study of its kind, we evaluated the effect of the segmentation caused by
a right-of-way corridor on the avian community of a central Colombian forest. There were no
differences in species richness or composition between the two forest fragments created by the
opening of the ROW. Forest interior bird species were almost absent from the corridor and less
abundant close to it, open-area species were common in the corridor and up to 20 m inside the
forest although there was a significant difference between the portion of the ROW with second
growth and the portion that is kept clean of vegetation. The movement of forest-restricted birds
across the ROW was noted in the second-growth portion, which served as a bridge and prevented
the ROW from isolating populations on either side It is concluded that the ROW reduces original
habitat and creates a double edge that affects the distribution of forest as well as open-area
bird species. On the other hand, vegetation regrowth in the ROW is extremely important in
mitigating the fragmentation effect, reducing the entrance of open-area species and permitting the
movement of forest species between remnant forest patches. These findings will help to provide
guidelines for the management of the extensive ROW areas in the Neotropics.
Keyn’ords: Neotropics, forest fragmentation, conservation, edge effect, sensitive species

INTRODUCTION

The construction and operation of high-voltage trans
mission lines has generated considerable concern for
the environment in recent decades (Rosselli and De La
Zerda, 1996). Several international studies have shown
that high-tension lines may cause high bird mortality
due to collisions with the conductors or the ground
wire, and fragmentation of forest habitats by clearing
of the right-of-way for the construction and mainte
nance of the lines. Since 1995, Interconexion Electrica
S.A. (ISA), the Colombian state company in charge
of energy transmission, and the Colombian Ministry
of the Environment have sponsored a series of pio
neer studies on the effects of transmission lines on
Neotropical wildlife. These included an extensive liter
ature review and a pilot field project (Rosselli and De
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la Zerda, 1996; De La Zerda and Rosselli, 1997; Rosselli
and De la Zerda, 1999), as well as the present study.
Both in the tropics and in the temperate zone
the vegetation that develops in the Rights of Way
(ROWs) that cross forested areas consists of second
growth, different from that of the surrounding for
est, that permits the entrance of plant and animal
species associated with open vegetation (Chasko and
Gates, 1982; Luken et al., 1992). In the Neotropics
the particular type of fragmentation caused by linear
projects, called internal fragmentation or segmenta
tion, has been little studied (Goosem, 1997; Malizia
et al., 1998) although it may interrupt or delay the
movement of individuals across the ROWs thereby
dividing populations. The presence of highly special
ized endemic groups or "sensitive species" such as
the antbirds (Eormicariidae), the woodcreepers (Dendrocolaptidae), ovenbirds (Furnariidae) and tapaculos
(Rhinocryptidae) that are restricted to the lower lev
els of mature forest, probably results in more severe
effects in the American tropics. According to our pre
liminary observations and Bierregaard and Stouffer's
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(1997) studies in the Amazon, if secondary vegetation
reaches a certain height in cleared areas, bird species
sensitive to fragmentation cross more easily without
their populations becoming divided.
Our objective was to analyze the effect of a ROW
corridor on the presence and distribution of forest re
stricted species sensitive to fragmentation, document
ing the occupation of the ROW by open area species
and their penetration into the surrounding forest, also
the extent of any edge effect into the forest. We also
compared the impact of different types of vegetation in
the ROW on the fragmentation caused by this type of
opening and evaluated the extent to which the corridor
acted as a barrier to movement of individuals across
the ROW.

METHODS

The eastern portion of Antioquia Department in the
Central Andes of Colombia is important for its hy
droelectric plants. In this area, forest patches of a few
hundred hectares are common and frequently crossed
by the transmission lines. Our study site is on the
western extreme of a 141.5 ha protected patch of for
est (6°20'N, 75°W), 56 km east of Medellin, between
1010 and 1200 m elevation: mean annual temperature
is between 17°C and 23°C and mean annual rainfall
is 4200 mm (Empresas Publicas de Medellin, 1995).
The forest is highly disturbed, has a canopy about
20 m high with abundant ferns, Melastomataceae,
Rubiaceae and Piperaceae on the understory; palms
{Euterpe), and trees of Myristicaceae, Clusiaceae, and
Moraceae are common in the canopy. ISA's 230 kV
Guatape-San Carlos transmission line, constructed in
1985, crosses the forest over ca. 400 m between towers
No. 11 and 12, dividing it into two fragments of ap
proximately 120 and 20 ha (Fig. 1). The width of the
ROW is 32 m, however regrowth has been permitted
on the lower 290 m of the corridor next to Rio Guatape
and there is currently a secondary forest 5-10 m high
with pioneer trees such as Ochroma, Cecropia, Heliocar
pus and Vismia. The upper 110 m, adjacent to tower 11,
is regularly maintained and vegetation is cut down to
the ground: during our study this portion of the ROW
was covered by herbaceous vegetation up to 80 cm tall,
dominated by sedges.
During a preliminary visit on 9-22 December 1997,
we prepared the area for sampling, cutting trails par
allel to the ROW corridor at distances of 5, 20, 60, and
100 m from it in both the large (G) and small (P) frag
ments as well as one (0 m) down the center of the
corridor. Trails were named according to the fragment
they were in and the distance to the ROW. In the 0 and
P5 and G5 trails, the portions in or adjacent to second
growth were named M (OM, P5M, G5M). We were care
ful to leave at least 50 m from any large clearing in the
area different from the ROW corridor (Fig. 2). During

Fig, 1. Location of study area.

this visit mist nets were also set to capture and band as
many birds as possible.
Most data were obtained during three two-week
sampling periods in January, April, and July 1998.
During the first 5 days of each period we conducted
visual and auditory censuses to detect and quantify
bird species at different distances from the ROW corri
dor. During the remaining 9-10 days we captured birds
with mist nets to complement data on the presence
of bird species at different distances from the ROW
and to obtain information on movements of individ
uals within the study area.
During each sampling period, between 9 and 11
censuses were conducted on each trail. Censuses were
conducted by pairs of trained biologists who walked
slowly (0.33 km/h) along the trails between 06:00 and
10:30 and 15:00 and 18:00. Each bird detected was
identified and its exact location in the area noted.
A tape recorder was also used to try to attract birds
for identification and to record unseen birds for later
identification by an expert. Census schedules were
planned so that each trail was visited at all times of day.
Groups of observers were as far as possible from each
other and censuses on the same trail were separated
in time to minimize disturbance. Observations were
standardized according to the kilometers walked (65.7
during the whole study). A total of 78-88 censuses
were conducted during each sampling period.
We set twelve-meter black nylon mist nets (30 mm
mesh) on all trails except PlOO and GIOO. Nets were
installed in two groups and opened from 05:30 to
10:30 and from 14:30 to 17:30, depending on time of
dawn and dusk and rains. We banded most birds with
unique color combinations of Flughes plastic bands;
boreal migrants and hummingbirds were marked with
spots of nontoxic paint on the back and by clipping
different combinations of tail feathers. Capture loca
tions of all birds were carefully mapped. Each bird
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Fig. 2. Scheme of study area.

captured was also checked for signs of reproduction,
molt and immaturity. The sampling unit was a mist
net hour (mnh) equal to one 12 m mist net open for
an hour. We accumulated approximately 800-900 mnh
per sampling period, and 3481.7 mnh over the entire
study (including December 1997). Total mnh per trail
varied between 114 on P5 and 602 in OM. Due to local
topography, we accumulated more mnh in the small
fragment (1564.7) than in the large one (1153.0). This
difference is even greater for several analyses in which
we considered birds caught by A.M. Umana in her the
sis research, part of this project (Umana, 1998) since she
concentrated her capture efforts in the small fragment.
Adding in her mist net hours yields a grand total of
2555.8 in the small fragment and 1223.4 in the large
one.
For analysis, prior to calculations, birds were group
ed in several categories according to their habitat
preferences, based upon information in the literature,
our own observations and advice from a Neotropical
ornithology expert. The categories were:
1. Forest restricted species (Forest®) — species that live
inside mature forest and rarely go to borders or
other types of vegetation.
2. Forest non-restricted species (Forest*) — birds that
mainly inhabit forests, but frequently range out to
forest edge and into other types of vegetation.
3. Mixed habitat species (Mixed) — birds that live in
different types of semiopen habitats such as secondgrowth woodland and scrub, showing no marked
preferences.
4. Open area species (Open) — birds that inhabit areas
with mostly low vegetation like pastures, although
they may also occur in scrub or along forest edges.

29c

11%
B O p en area
□ Mixed habitat
□ Ficrest*
□ Forest"
■ Other habitats

Fig. 3. Composition of species detected in the study area in San
Rafael (1997-1998) according to habitat category.

5. Non terrestrial species — species not particularly
associated with any terrestrial habitat such as vul
tures and water birds.

RESULTS

A total of 125 bird species belonging to 31 families was
recorded in study area. The tanager family (Thraupidae) had the largest number of species, followed by
flycatchers (Tyrannidae) and antbirds (Formicariidae)
(Appendix 1). Almost half of the species are forest
species followed by mixed-habitat species, with only
a small proportion of open-area species (Fig. 3). Even
considering the large number of forest species found,
including good populations of important endemics
such as the Sooty Ant-Tanager (Habia gutturalis) and
White-mantled Barbet {Capita hypoleucus), the degree
of human disturbance in the site is evident through the
absence of very sensitive species such as guans, curassows, large parrots, and raptors.
Mist nets

We obtained a total of 755 captures of 69 species and
524 individuals in the entire study. Due to the higher
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sampling effort in the small fragment, we made more
captures there (446 vs. 209 in the large fragment), but
capture rates were very similar (0.175 captures/mnh
in the small fragment vs. 0.171 in the large one). The
most frequently captured species included the Striped
Manakin Machaeropterus regulus (65 captures), Orange
billed Sparrow A m m on aurantiirostris (44), Swainson's
Thrush Catharus ustulatus (44), White-breasted WoodWren Hcnicorhina leucosticta (43) and Sooty-headed
Wren Thryotlioms spadix (39). Fifteen species were
captured only once, 17 were captured between 2 and
4 times, 16 between 5 and 9, 8 between 10 and 20, and
14 more than 20.
Most species captured less than 5 times are openarea species, present only sporadically in the area, or
are species with habits (e.g., canopy specialists) or sizes
(larger than ca. 50 g) than make them hard to catch
with the nets used.
Recapture rates varied considerably among species;
99 individuals were captured at least in two differ
ent sampling periods. Species with greatest numbers
of recaptured individuals include Striped Manakin
(10), Sooty-headed Wren, White-breasted Wood-Wren,
Sooty Ant-Tanager, and Orange-billed Sparrow with
7 each. These 5 forest species were recorded during
all visits to the field, and also are among those with
most individual captures, which indicates that they
are abundant and resident in the area. Sixteen species
had between 2 and 5 recaptured individuals, 15 one
and 34, none. Among the recaptured individuals, 69
were netted in two sampling periods, 18 in 3, 6 in
4 (including the preliminary visit), and 3 individuals
were caught in all of these as well as by A.M. Umana.
The individuals with most recaptures (6, excluding
captures made in the same sampling period) were
an Orange-billed Sparrow and a Sooty-headed Wren.
Several hummingbirds and North American migrants
with many captures had low recapture rates, probably
due in part to the fact that the marking methods used
were less reliable. This undoubtedly resulted in less re
liable identification of recaptured individuals, which
in turn inflated the presumed number of individuals
captured, especially among the hummingbirds. Low
recapture rates for migrants doubtless also reflected
their transitory use of the area, especially in the case
of the two notably abundant thrushes (Swainson's and
Gray-cheeked).
Censuses

One hundred and six species were detected in cen
suses, 35% more than in mist net captures. Excluding
birds not identified to species and repeated observa
tions of marked individuals, 1963 visual and auditory
detections were made during the whole study. In most
cases (1357) it could not be seen if the birds were
banded; 531 observations were made of definitely un
banded birds and only on 75 occasions were individu
als positively identified by their band combinations.

Table 1. Comparison between capture and detection rates, and
species composition according to habitat categories in both
fragments caused by the ROW corridor between 1997 and 1998 in
San Rafael, Antioquia

Detection rate
Capture rate
Forest“
Forest*
Mixed habitats
Open areas
Total

Large fragment

Small fragment

838/28.43 km = 29.5
209 captures/1223.41
mistnet-hours = 0.171
18
30
37
9
94

773/27.03 km = 28.6
446 captures/2555.79
mistnet-hours = 0.175
18
27
40

6
91

“Forest restricted species.
* Forest non-restricted species.
Mixed: Mixed habitat species.
Open: Open area species.

Most detected species included the White-breasted
Wood-Wren (104 records) and the Sooty Ant-Tanager
with 101, followed by the Sooty-headed Wren (87),
Yellow-browed Shrike-Vireo (76), and Striped Man
akin with 69. Twenty-three species were observed only
once and 56 more than 5 times. We must bear in mind
that these detections include auditory and visual data
and the most vocal and conspicuous species tend to
be detected more frequently. Censuses detected several
species rarely or never captured in nets due to their
size (raptors like the Roadside Hawk, Laughing Fal
con, and Turkey Vulture) or habits (e.g., forest canopy
specialists like the Shrike-Vireo). By contrast, a few in
conspicuous, scarce or secretive species like the Whitewhiskered Puffbird, Wedge-billed Woodcreeper, and
Checker-throated and Sooty Antwrens, hard to detect
either visually or by voice, were found only through
mist nets.
Comparison between fragments

The bird communities of the two fragments were very
similar. Both capture and detection rates were alike
(Table 1) as well as the species composition. Ninetysix species were found in the large fragment and 93 in
the small one. The proportions of forest, mixed habi
tat and open area species were very similar (Table 1,
= 0.83, p > 0.75, 3 df). Twenty-one species were ex
clusive to the large fragment and 18 to the small one
but they shared 75 giving a Similarity Index = 79%.
Exclusive species correspond to observations or cap
tures of species not regularly found in the study area
such as the White-whiskered Puffbird, American Red
start, and Blue-black Grassquit in the large fragment
and Black-throated Trogon, Blackburnian Warbler and
Pale-breasted Spinetail in the small one.
Species distributions and individuai movements relative
to the ROW corridor

Considering data from both censuses and mist nets, we
found positive correlations between the proportion of

367

Fragmentation effects caused by a power line ROW
a. Captures

-

■'

'

^

□ Open

Table 3. Number of individuals caught in the ROW corridor or in
both fragments in 1997 and 1998 in San Rafael (Antioquia).
Species with more than 4 individuals recaptured in two or more
sampling periods are included.
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Fig. 4. (a) Species proportion according to habitat category in mistnet captures. Recaptures excluded, (b) Species proportion according
to habitat category in census detections. Repeated observations of
ringed individuals excluded.
Table 2. Non parametric correlation coefficients (rs) between
proportions of forest restricted species, forest non-restricted
species, mixed habitat species and open area species versus
distance to the ROW corridor

Distance vs.
Distance vs.
Distance vs.
Distance vs.

Forest"
Forest**
Mixed habitat
Open area

Category

No. Individuals
That did not use That used or crossed
the corridor
the corridor

.s '

Trails

100%

Species

■ Forest®

MIST Nets

Censuses

0.517^

0.631*
0.323
0.230
-0 .0 5

0.324
0.291
-0.390

*Significant, p < 0.05, in all cases the number of pairs is 12.
'•Almost significant, 0.10 > p > 0.05.
"■Forest restricted species.
**Forest non-restricted species.
Mixed: Mixed habitat species. Birds that live in different types of
semiopen habitats such as second growth vegetation and scrub and
do not show a marked preference for any of them.
Open: Open area species.

forest-restricted species and distance from the ROW
corridor (Fig. 4). For censuses, this correlation (r =
0.631) was the only one that was statistically significant
(Table 2). The only negative correlations (although non
significant) were between the proportions of open area
species and distance from the corridor. The propor
tions of mixed-habitat and non-restricted forest species
were not correlated with distance from the ROW (Ta
ble 2, Fig. 4). For forest-restricted species, the corridor
definitely appears to reduce available habitat while
facilitating penetration of open-area species 20 m or
more into the forest.
Analyzing the capture-recapture locations of the
9 most frequently captured species, we found that

Henicorhina
leucosticta
Habia gutturalis
Arremon
aurantiirostris
Machaeropterus
regulus
Mionectes
oleaginea
Thryothorus
spadix
Saltator maximus
Manacus manacus
Coereba flaveola

Forest"

3

4

Forest"
Forest"

4
5

2
2

Forest"

8

2

Forest*

2

2

Forest*

2

5

Mixed
Mixed
Mixed

2
1
0

4
4

2

“Forest restricted species.
* Forest non-restricted species.
Mixed: Mixed habitat species. Birds that live in different types of
semiopen habitats such as second growth vegetation and scrub and
do not show a marked preference for any of them.
Open: Open area species.

even in those belonging to the forest-restricted habitat
category, there were individuals that were caught in
the ROW corridor and in most there were individuals
caught in both fragments — i.e., they had crossed
the corridor (Fig. 5, Table 3). In all forest-restricted
species except the White-breasted Wood-Wren, most
individuals were caught in only one fragment (even
those with high numbers of recaptures), but in most
non-restricted forest and mixed habitat species, the
number of individuals caught in the corridor or in both
fragments was equal to or greater than the number
that were caught in only one fragment and by this
criterion did not cross the ROW (Table 3, Fig. 5A). The
proportion of non-restricted forest and mixed-habitat
species found to use or cross the ROW corridor was
significantly higher than for forest-restricted species
(Fig. 5 B , / 2 = 6.08,1 df, 0.01 < p < 0.025).
Effect of regrowth in the ROW corridor

A significantly higher proportion of open-area species
were captured in the clearcut portion of the ROW
corridor and its adjoining edges than in that part of
the corridor with tall second growth (Fig. 6a, /^ =
19.61, p — 0.0002, 3 df). The census data also show a
significant difference between the composition of birds
belonging to different habitat categories in the areas
close to the second growth vs. clearcut portions of the
corridor (Fig. 6b,
= 28.69, p < 0.0001,3 df) although
in this case the main difference is due to the higher
proportion of forest-restricted species in the former.
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Fig. 5. (A) Spatial localization of Stripe Manakin (Forest restricted species) individuals recaptured in more than one sample period between
December 1997 and July 1998 in San Rafael. Each symbol represents an individual. (B) Spatial localization of Sooty-headed Wren (Forest non
restricted species) individuals recaptured in more than one sample period between December 1997 and July 1998 in San Rafael. Each symbol
represents an individual.

Looking at the individual trails in the corridor and
adjoining borders, in most cases the proportion of
open-area species is higher in the clearcut part of the
corridor (trails 0, P5, G5) and the proporhon of forest
restricted species is higher in the second growth part
(trails OM, P5M, GSM) (Fig. 4).

DISCUSSION

In interpreting our results, one must bear in mind that
the San Rafael reserve had already suffered consid

erable human disturbance prior to the construction
of the ROW corridor in the form of fragmentation
(the entire reserve qualifies as a medium-sized frag
ment according to Kattan and Alvarez-Lopez, 1996),
hunting (indicated by the lack of large raptors, tinamous, and cracids) and disturbance to the vegetation.
According to Kattan and Alvarez-Lopez (1996) a frag
ment of Andean forest of this size should hold around
140 species of forest birds, and we found only 60 (36
non-restricted, 24 restricted). At lower elevations the
total number of bird species in similar humid forests

Fragmentation effects caused by a power line ROW
a. Captures
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Fig. 6. (a) Comparison of mist net captures according to habitat
category in the second growth and clean cut portions of the ROW
corridor and bordering trails (P5 and G5) (recaptures not included),
(b) Comparison of census detections according to habitat category
in the second growth and clean cut portions of the ROW corridor
and bordering trails (P5 and G5) (repeated obsen'ations of banded
individuals not included).

should exceed 300 (Blake et al., 1990; Karr, 1990; Robin
son and Terborgh, 1990; see also Stiles and Bohorquez,
2000). However, in spite of its impoverished nature,
the avifauna still contains a variety of species with di
verse habitat requirements, including enough species
restricted to the interior of closed forest, to provide
quantitative answers to the questions raised at the out
set. Given that this study is the first of its kind to deal
with a rich Neotropical avifauna, however impover
ished, our results should provide valuable guidelines
for future work on the effects of lineal clearings such as
those caused by Right-of Way corridors of high-tension
lines. Our results are especially relevant to conserva
tion of Andean birds, bearing in mind that the Andean
forests represent an already highly fragmented ecosys
tem which in Colombia has been reduced to a small
fraction of its former area: conservation efforts in many
areas are perforce restricted to these type of fragments
that hold a fair amount of diversity (Bierregaard et al.
1997; Guindon, 1996; Schelhas and Greenberg, 1996).
We feel that the combination of methods used was
effective for the type of study we conducted. Consid
erably more species were detected in the censuses than
with mist nets, showing once again that for short in
ventories, visual, and auditory observations are more
efficient even though they have the disadvantage of
depending a good deal on the experience of the ob
servers (Stiles and Rosselli, 1998). The use of tape
recorders was important in supplementing the ob
servations and in helping the observers to acquire
experience with auditory identifications (cf. Parker,
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1991). The use of mist nets was critical in detecting
movements of marked individuals because it proved
very difficult to see and identify band combinations
in the dense vegetation. We emphasize, however, that
use of mist nets as the sole method for evaluating
bird communities is not recommended, especially in
Neotropical forests, due to the limited coverage and
many biases in capture data (Remsen and Good, 1996;
Stiles and Rosselli, 1998).
We found virtually no differences in bird commu
nity richness and composition between the small and
large fragments created by the ROW corridor. There
are several possible explanations for this:
1. The small fragment is large enough to hold an
avifauna similar to that of the large. We doubt that
this is the case because the difference in sizes is too
great and the proportion of area affected by edge
effect is larger in the small fragment. The 20 ha small
fragment fits in the "small" category of Kattan and
Alvarez-Lopez (1996); the large one belongs to their
medium size category (100-600 Ha), and expected
species richness in the former is much less than
what we observed.
2. The ROW corridor in this place does not act as a bar
rier or fragmentation agent. This explanation is at
best partially correct. Part of our data and Umana's
(1998) thesis indicate that the clearcut portion of the
corridor was not crossed by sensitive species and
that individuals of forest-restricted species tended
to remain on one side of the corridor in this area.
Furthermore, studies done in the Amazon have
found that cleared belts of similar widths have
had fragmentation effects on mature forests (Stouffer and Bierregaard, 1995; Bierregaard and Stouffer,
1995,1997).
3. The second-growth portion of the corridor acts as
a bridge that permits the passage of individuals of
forest birds between the two fragments. We think
this is what is happening, based upon capture data
and direct observations in both portions of the cor
ridor. Moreover, the translocation experiments of
Umana (1998) showed that forest-restricted birds
transported across the corridor returned to their ter
ritories via the second-growth portion, avoiding the
clearcut section. This bridge, in combination with
the minor differences in habitat between fragments
found by Montes (1998), allows similar avifaunas
in the two fragments. A similar effect of secondgrowth reducing the isolation of forest fragments
was found on a larger scale in the Amazon by Bier
regaard and Stouffer (1997). An additional effect of
the regrowth in the ROW is that it ameliorates the
double edge effect facilitating penetration of openarea birds, thereby permitting more forest species
next to the corridor.
We feel strongly that in future studies of this type
in the Neotropics, especially those involving monitor
ing, attention should be focused on a limited number
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of indicator species sensitive to the type of distur
bance in question; this is especially important given
the limited resources available for environmental stud
ies in Colombia (and other Latin American countries).
In the present study, we attempted to identify forestrestricted species that rarely use edges or more open
habitats, as the species most likely to be affected by
the ROW. We had initially suspected that the suboscine passerines, especially the antbirds (Formicariidae), ovenbirds (Furnariidae), woodcreepers (Dendrocolaptidae), and tapaculos (Rhinocryptidae) would
provide most such indicator species (see also Stiles
and Bohorquez, 2000), an expectation only partially
fulfilled due to the fact that many sensitive species
of these families expected on the basis of distribu
tions, were absent from the study area, doubtless due
to the degree of fragmentation and disturbance an
tedating the ROW construction. Nevertheless, the 24
forest-restricted species identified (from a variety of
families) were effective indicators in that as a group
they definitely responded to the ROW corridor and
the vegetation therein. We emphasize that attention
should be focused on the individual species, accord
ing to their observed ecological attributes, and not on
the presence or absence of certain families: virtually all
of the larger Neotropical families include species with
very diverse habitat requirements.
We conclude that for foresf resfricted species a clean
cut corridor may be a barrier and that there is an edge
effect that affects the presence and distribution of forest

and open area species. The presence of secondary veg
etation is very important in diminishing isolation of
specialist bird populations and edge effect in the forest.
We recommend that Power Companies should per
mit the regrowth of vegefation in ROW corridors when
possible, taking advantage of topographic features
such as valleys and ravines without risking the line's
safety and function.
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APPENDIX 1
Bird species detected in censuses and mist-nets in the San Rafael (Antioquia, Colombia) forest. December 1997-July 1998
Family
Tinamidae
Cathartidae
Accipitridae
Cracidae
Phasianidae
Charadriidae
Psittacidae
Cuculidae

Trochilidae

Trogonidae
Momotidae
Bucconidae
Capitonidae

Species

Habitat
category

Crytpurellus soui
Corapyps atratiis
Buteo nmgnirostris
H erpetotheres cachin nans
Ortalis nwtmot
Odontciphorus erythrcps
Vanelhis chilensis
Forpms conspncillntus
Piaya cayana
Tapera naevia
Crotophaga ani
G lands hirsuta
Threnetes ruckeri
Phaethornis longueinareus
Andwdon aequatorialis
Thalurania colombica
Anthm cothorax nigricollis
HeUothryx barroti
Ainazilia tzacntl
Am azilia amabilis
Trogon rufus
Trogon violaceus
Baryphthengus ruficapillus
M alacoptila panainensis
Capita hypoleiicus

Mixed
Non terr.
Mixed
Open
Mixed
Forest®
Open
Mixed
Forest*
Open
Open
Mixed
Forest*
Mixed
Forest*
Forest*
Mixed
Forest*
Mixed
Forest*
Forest®
Mixed
Forest®
Forest®
Forest*

Family

Picidae

Dendrocolaptidae

Furnariidae

Formicariidae

Pipridae
Cotingidae

Species

Habitat
categor)

Pteroglossus torquatus
Veniliornis kirkii
Picumnus divaceu s
Dryocopus Uneatus
D en drodn da fuliginosa
Sittasoinus griseicapillus
Glyphorhynchus spirnrns
LepndocolapHes soiileyetii
Xiphorhynchus picus
Cainpylorhaniphus trochilirostris
Autonwhis ochrolaemns
Autonwlus rubiginosus
Xenops minutus
Tham iwphilus punctatus
Thannwphihis multistriatus
Thmnnophilus doliatus
Cerconiacra tyrannina
Cercomacra nigricans
M yrm eciza immacnlata
M ynnctherula schisticolor
M yrm otherula fidviz’entris
Dysithaninus mentalis
M anacus manacus
M achaeropterus regnlus
Pachyram phus cinnaniomeus

Mixed
Forest*
Mixed
Mixed
Forest®
Forest®
Forest®
Mixed
Mixed
Forest*
Forest®
Forest®
Forest*
Forest®
Mixed
Mixed
Forest*
Mixed
Forest®
Forest®
Forest®
Forest®
Mixed
Forest®
Mixed
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(continued)
Family

Tyrarmidae

Tyrarmidae

Hirundinidae
Troglodytidae

Turdidae

Vireonidae

Corvidae

Parulidae

Species

Habitat
category

Cotinga nattererii
Zimmereus viridiflavus
Leptopogon superciliaris
Elaenia frantzii
Contopus fumigatus
Contopus borealis
Mionectes olivaceus
Mionectes oleagineus
Myiornis ecaudatus
Oncostoma olivaceum
Platyrhynchus sp.
Empidonax virescens
Myiarchus tuberculifer
Pitangus sulphuratus
Myiozetetes cayanensis
Myiodynastes maculatus
Legatus leucophaius
Tyrannus savana
Tyrannus melancholicus
Stelgidopteryx ruficollis
Thryothorus spadix
Thryotliorus nigricapillus
Henicorhina leucosticta
Microcerculus marginatus
Turdus ignobilis
Catharus ustulatus
Catharus minimus
Vireolanius eximius
Vireo olivaceus
Hylophilus semibrunneus
Hylophilus flavipes
Cyanocorax affinis
Amblycercus holoseriseus
Psarocolius decumanus
Dendroica fusca
Dendroica castanea
Setophaga ruticilla
Oporornis Philadelphia

Forest®
Mixed
Mixed
Mixed
Mixed
Mixed
Forest®
Forest*
Forest*
Mixed
Forest®
Forest*
Forest*
Open
Open
Mixed
Open
Open
Open
Non terr.
Forest*
Forest*
Forest®
Forest®
Mixed
Mixed
Forest*
Forest*
Forest*
Forest*
Mixed
Mixed
Forest*
Mixed
Forest*
Mixed
Forest*
Mixed

Family

Coerebidae
Tersinidae
Thraupidae

Thraupidae

Emberizidae

Species

Habitat
category

Wilsonia canadensis
Basileuterus fulvicauda
Basileuterus rufifrons
Coereba flaveola
Tersina viridis
Euphonia xanthogastra
Euphonia trinitatis
Euphonia laniirostris
Euphonia musica
Tangara guttata
Tangara gyrola
Tangara larvata
Tangara inornata
Tangara cyanicollis
Thraupis episcopus
Thraupis palmarum
Ramphocelus dimidiatus
Piranga rubra
Habia gutturalis
Tachyphonus luctuosus
Tachyphonus delattrii
Hemithraupis flavicollis
Chlorospingus flavigularis
Chlorophanes spiza
Dacnis cayana
Dacnis lineata
Pytilus grossus
Atlapetes atrkapillus
Saltator maximus
Saltator albicollis
Saltator caerulescens
Arremon aurantiirostris
Oryzoborus angolensis
Oryzoborus. crassirostris
Sporophila intermedia
Sporophila nigricollis
Sporophila schistacea

Forest*
Non terr.
Mixed
Mixed
Mixed
Forest*
Mixed
Mixed
Mixed
Forest*
Forest*
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Forest®
Forest*
Forest®
Forest*
Mixed
Forest*
Forest*
Mixed
Forest*
Forest*
Mixed
Mixed
Mixed
Forest®
Open
Open
Open
Open
Open

“Forest restricted species. Species that live inside mature forests and rarely go to borders or other types of vegetation.
*Forest non-restricted species. Birds that mainly inhabit forests, but frecuently go out to borders and other types of vegetation.
Mixed: Mixed habitat species. Birds that live in different types of semiopen habitats such as second growth vegetation and scrub and do not
show a marked preference for any of them.
Open: Open area species. Birds that live mainly in open areas with low vegetation such as meadows with isolated trees although sometimes
enter scrub and forest borders.
Non terr: Non terrestrial species. Birds not particularly related to any terrestrial habitat such as vultures and acuatic species.
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Management, Vegetative Structure and
Shrubland Birds of Rights-of-Way
John L. Confer

During 1998-1999, 287 point counts of birds were taken in rights-of-way (ROW) in northeastern
US, primarily in Massachusetts, Rhode Island and New York with a few counts in New
Hampshire. Bird density was high with a mean of 14.8 individuals and 12.2 species per point
count for birds nesting or foraging in the ROW. Federal surveys show that shrubland birds are
declining throughout northeastern US. Thus, ROW support an abundance of shrubland birds that
are declining elsewhere probably because of the succession of shrublands into forests throughout
most of northeastern US. The effect of management by fire, selective herbicide application
and cutting on the avian community was compared. Management by fire, although generally
impractical, supported the greatest density and diversity of birds. Management by selective
herbicide sustained more individuals and species than cutting. Most shurbland species showed a
habitat preference for about 50% shrub cover. However, some rare and rapidly declining species
occurred in greatest density in areas with only 5-20% shrub cover. ROW would support the
greatest diversity of shrubland birds if management created some areas dominated by herbs and
other areas dominated by shrubs. The density of Brown-headed Cowbirds might be reduced if
shrub height is low.
Keywords: Herbicide application, habitat management, shrubland guild, avian diversity, habitat
preference

INTRODUCTION

This report describes the avian communities in shrublands managed by three different procedures: selective
herbicide application, mechanical cutting and burning.
The effect of selective herbicide application was as
sessed in three locations: in the rights-of-way (ROW)
of Orange and Rockland Utilities in Sterling Forest
State Park, New York, in ROW of New England Elec
tric System companies in Massachusetts and in ROW
of Eastern Utilities Associates in Rhode Island. Me
chanical cutting was assessed in ROW of the New
York Power Authority within the Fluyck Preserve near
Albany, NY. Management of shrublands by fire was as
sessed in Finger Lakes National Forest, New York.
These studies were stimulated by a dramatic decline
in the abundance of most shrubland birds. The federal
Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

North American Breeding Bird Survey (BBS) (Sauer
et al., 1999) shows that 65% of the shrubland species
of northeastern United States are declining. A major
cause of this decline is a loss of habitat as abandoned
farmland undergoes natural succession from shrub
land into forest. As the trend for forest regeneration
continues, management for shrublands will become in
creasingly important (Askins, 1998).
Only power utilities manage large areas of shrub
land in the northeastern US. For example, within New
York the shrubland managers include: New York State
Department of Environmental Conservation, which
administers but does little management on 27,000 acres
of shrubland. The Nature Conservancy, which man
ages 3000 acres of shrubland, and the US National
Forest Service, which manages 1300 acres of shrub
land. Shrubland management by electric power utili
ties dwarfs the effort of all other managers collectively.
In New York, there are well in excess of 10,000 miles
of high voltage transmission line ROW. Approximately
half that length with an area of about 125,000 acres is
managed as shrubland. In addition, many miles of low
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voltage distribution lines are also managed as shrubland. This report provides data-based guidelines that
will enhance the density of birds and the diversity of
bird species on managed shrublands.

POINT COUNTS: METHODS

The extreme heterogeneity of habitat along ROW influ
enced the experimental design for these studies. A few
miles of ROW commonly present steep slopes with
shallow soils or even rock outcrops, flatlands with fer
tile soil, ravines and wetlands. In addition, many ROW
plants have a very patchy distribution of vegetation
partially due to clonal growth or allelopathic effects.
Further, supposedly uniform management along a seg
ment of ROW actually varies, e.g., around the base
of supporting poles and near water bodies. Conse
quently, ROW provide a highly variable habitat. De
tection of statistically significant effect on the avian
community due to management techniques requires a
large number of replicate counts that produces a small
standard error despite the large variance.
Point counts, a standard avian census method, were
used throughout this study. During a point count all
birds detected by sight or sound within a prescribed
area in a measured time are recorded. Our point counts
were compiled by a field crew of 2-4 individuals
with the most experienced individual designated as
the primary observer and one observer designated
as recorder. Field assistants were rigorously trained
and tested before they were allowed to work indepen
dently as primary observers.
Identification began with sufficient light to recog
nize subtle differences in plumage, i.e., 0530-0600 h.
Counting ended daily by 1100 h before May 20, by
1030 h between May 20 and May 31 and by 1000 h be
tween May 31 and June 15. Point counts were not taken
when wind kept small twigs in constant motion, nor
when temperature was below 32 F or above 80 F, nor
during any precipitation, nor after 30 June.
All birds detected within 100 m up and down the
length of the ROW were counted. At the Finger Lakes
National Forest, birds were counted within a radius
of 100 m. Experience has shown that the low height
of the plants, as is common in managed shrublands,
allows aural and visual detection of many birds at
100 m. The censused width of the ROW extended to the
trunks of trees lining the ROW. Thus, birds in branches
that extended from such trees towards the ROW were
counted, but birds that remained on the far side of trees
lining the ROW were not counted.
Point counts were spaced at least 250 m apart
along the ROW as measured with a laser range finder.
When possible, each count center was located on a
promontory located 250-350 m from the preceding
count center. All count centers were located more
than 100 m from roads that transected a ROW. Thus,

if a road crossed a ROW and truncated the 200 m
diameter of a potential count area, then the next
count center was advanced more than 100 m past the
far side of that road. Count centers were located so
that the vegetation was fairly uniform within each of
four quadrants, front left, front right, back right and
back left. For example, if the vegetation in front of
a potential count center consisted of 50 m of shrub
followed by a large expanse of mowed grass, then the
count center was advanced to that transition so that the
front quadrants consisted of all mowed vegetation and
the back quadrants consisted of all shrubby vegetation.
All ROW surveyed in this study were surrounded by
largely forested areas.
Special attention was given to both the Golden
winged Warbler {Vermivora chrysoptera) and the Blue
winged Warbler {V. pinus) in the ROW of Orange
and Rockland Utilities. Both species have declined so
severely in parts of their range that they are under
status assessment by the US Fish and Wildlife Service
to determine if they should be listed for protection
under the Endangered Species Act. Further, these two
species and their hybrids have been the focus of my
studies for 20 years and are central to my conservation
interests. During each 10-min point count, a tape with
2.5-min of recordings of the songs of each species was
played. This lured into view almost 100% of the males
of both species. Visual observation is necessary for
identification within this hybridizing group because
hybrid song is indistinguishable from parental song.

POINT COUNTS: RESULTS
Point count reliability

The validity of our standard point count procedure
was tested by comparing point counts taken in the
same locations during 1998 and 1999 in the FLNF (Ta
ble 1), the only site from which we obtained a moderate
sample size of replicate counts during consecutive
years. The number of individuals in 1998 vs. 1999 and
number of species for 1998 vs. 1999 per point count
were statistically indistinguishable. The probability (P)
that observed differences could occur due to random
variation exceeded 80% (t-test for number of individ
uals, t = 0.242, P = 0.81; t-test for number of species,
t = 0.212, P — 0.83). The repeatability of results from
year to year suggests our point counts are a reliable
measure of avian density and diversity.
Table 1. Replicate point counts. Counts were taken in the same
sites in consecutive years in fire-managed shrublands in the
Finger Lakes National Forest
1998
Mean
Species
Indiv'iduals

(n )

13.29 (17)
15.24(17)

1999
SE

Mean (n)

SE

0.95
1.17

13.95 (21)
15.82 (21)

0.92
0.93
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Table 2. Abundance and population trends for species in ROW in northeastern US: Rhode Island, eastern Massachusetts, southern New
Hampshire and central and southern New York. Listed species occurred on at least 25% of the point counts taken in May-June of
1998-1999. Values represent the mean number of individuals from 287 point counts, the ratio of the mean number per point count in ROW
to the mean number per point count for the North American Breeding Bird Survey from 1966 to 1996 for the northeastern US, and the
population trend for northeastern US, according to BBS data for the same time period. Declining populations are underlined
Species

No./
point count

Ratio
point count/BBS

Population trend
northeastern US
-4 .2 0

Eastern Towhee

1.34

7.87

Common Yellowthroat

1.26

4.06

-0 .2 0

Gray Catbird

1.09

4.81

-0 .1 0

Brown-headed Cowbird

1.02

7.35

-1 .2 0

Prairie Warbler

0.98

20.56

-0 .9 0

American Goldfinch

0.66

2.89

-2 .3 0

Field Sparrow

0.64

6.19

-4 .0 0

Song Sparrow

0.62

1.48

-1 .3 0

Chestnut-sided Warbler

0.60

5.07

-0 .4 0

Yellow Warbler

0.57

2.91

0.90

American Robin

0.50

0.50

-0 .4 0

Common Grackle

0.42

0.56

-1 .9 0

Mourning Dove

0.40

1.01

2.10

Red-winged Blackbird

0.39

0.55

-2 .8 0

Blue-winged Warbler

0.37

10.11

-2 .8 0

Blue Jay

0.27

1.31

-1 .2 0

Black-capped Chickadee

0.26

1.19

1.80

Cedar Waxwing

0.25

1.48

0.90

Point count locations

The avian community in ROW of northeastern US

During 1998-1999 we compiled 287 point counts in
ROW using the standardized procedure. Most counts
were taken in areas dominated by shrubs maintained
by selective herbicide application. We obtained 141
counts in eastern Massachusetts, 24 in southern New
Hampshire, and 63 throughout Rhode Island using
ROW maintained by New England Electric System and
Eastern Utilities Associates. In 1999 we obtained 21
point counts in central New York on ROW maintained
by the New York Power Authority. Eleven of these
point counts were in areas maintained by mechanical
cutting in fall 1998 and one site was sprayed. The
remaining 9 point counts were taken on a ROW, which
has not been managed since its installation 20 years
ago. Although this is not typical of ROW management,
these counts are included because they contribute
unique data on avian habitat selection in an older stage
of succession on ROW. We obtained 38 standardized
point counts in southern NY in ROW maintained
by Orange and Rockland Utilities. In addition, we
obtained 31 counts in shrubland managed by fire in
FLNF during 1998-1999. In the following we compare
our point count results on ROW to point count results
for the federal BBS. We counted for 10 min for a
limited distance while BBS point counts last for only
3 min but include birds from an unlimited distance.
These differences somewhat cancel each other and
comparisons indicate the relative abundance of each
species detected by the two variations in point count
procedures.

A total of 93 species were identified within a count
area during a point count. This diversity makes ROW
an appealing place for watching birds. The density of
shrubland birds in ROW throughout the northeast is
quite high. We observed an average of 14.84 individual
birds and 12.24 species per standardized point count.
Birds included in this tally used the ROW during the
count period for foraging and the great majority ap
peared to have nesting territories. Shrubland birds are
much more abundant in ROW than in the general
northeast. Fourteen of 18 species that nest in ROW
and which were detected on at least 25% of the point
counts are more abundant in ROW in the northeast in
general as indicated by BBS (Table 2). It is particularly
significant that 15 of these species have negative pop
ulation trends throughout the northeast, but maintain
high abundance on ROW. Thus, ROW support a high
density of birds by providing habitat of high quality
and significant area even as other shrubland habitats
decline.
Management by selective herbicide application

Surveys were conducted in 1998-1999 in Sterling For
est State Park in ROW managed by Orange and
Rockland Utilities within the Hudson Highlands of
southern NY. The Hudson Highlands is a rugged, ex
tensively forested area. It includes several state parks
supervised by the Palisades Interstate Park Commis
sion plus areas of protected watershed and lands of
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Table 3. Abundance and population trends for species in ROW of Orange and Rockland Utilities within Sterling Forest State Park in
southern New York. Listed species utilized the ROW as part or all of their nesting territory and occurred on at least 25% of 38 point counts
taken in May-June of 1998-1999. Values represent the mean number of individuals per point count, the ratio of the mean number for point
counts in ROW managed by a mixture of selective herbicide application and mechanical cutting compared to the number per point count
for the North American Breeding Bird Survey from 1966 to 1996 for New York, and the population trend for New York according to BBS
data for the same time period. Declining populations are underlined
Species

No./point count
O&R ROW in SFSP

Point count ratio
SFSP/BBS

Population trends
New York
6.80

Prairie Warbler

1.38

127.71

Gray Catbird

1.28

5.67

0.10

Eastern Towhee

0.97

23.10

-6 .3 0
0.50

Yellow Warbler

0.97

3.21

Common Yellowthroat

0.93

2.59

0.00

Golden-winged Warbler

0.62

155.17

-5 .0 0

Field Sparrow

0.62

10.59

-4 .1 0

Blue-winged Warbler

0.59

20.08

2.50

Black-and-white Warbler

0.52

18.74

-1 .5 0

Northern Oriole

0.48

4.23

-0 .7 0

Chestnut-sided Warbler

0.48

4.29

-0 .9 0

American Goldfinch

0.45

1.36

0.20

Indigo Bunting

0.41

3.78

0.30

Brown-headed Cowbird

0.38

2.63

-2 .4 0

Rose-breasted Grosbeak

0.28

4.46

-0 .7 0

West Point Military Academy. This large, wild area
has many important ecological assets, including, espe
cially, the coexistence of stable populations of Golden
winged and Blue-winged Warblers (Freeh and Confer,
1987; Confer et al., 1998). The Hudson Highlands is fhe
only known portion of their entire range where these
similar, hybridizing species coexist in stable abun
dance. Maintenance of appropriate shrubland habitat
for these species within this region is extremely im
portant to their survival. Sterling Forest State Park and
the ROW of Orange and Rockland Utilities provide an
unexcelled opportunity to determine what habitat con
ditions support continued coexistence of these species.
The ROW in Sterling Forest State Park have at
tained a nearly stable community of herbs and shrubs
maintained for several decades by selecfive herbicide
applied by Orange and Rockland Utilities. The abun
dance of shrubland birds nesting in these ROW are
exceptionally high in comparison to the statewide
abundance estimated by BBS data (Table 3). For these
specific ROW, slightly more than half of the species
with a high abundance have negative population
trends for all of New York. These ROW enhance the lo
cal avian diversity by providing the only known breed
ing habitat for Prairie Warblers within Sterling Forest
State Park. Further, computer-based, CIS maps show
that ROW provide most of the habitat for Golden
winged and Blue-winged Warblers within Sterling For
est State Park (Confer, 1999).

ROW managed by New York Power Authority. Veg
etation on the Preserc'e is primarily second-growth
forest plus small areas of old field succession and oldgrowth forest. Partridge Run Wildlife Management
Area, which is adjacent to the Huyck Preserve, has
similar vegetation cover. Farms and rural homes oc
cur throughout the region but occupy less than half
fhe landscape. Our point counts were conducted on
the Blenheim-Gilboa ROW of the New York Power Au
thority. Point counts were determined on this ROW
as it passes through the continuous forest of the
Huyck Preserve and as it passes through adjacent pri
vate property owned by V. Husik, which is primarily
forested.
Mechanical cutting in fall of 1997 removed the
clumps of shrubs such as dogwood (Conius spp.),
viburnum {Viburnum spp.), and staghorn sumac {Rhus
typhinn). Before cutting, the herbaceous growth un
der the dense clumps of shrubs was quife scanfy. By
mid-May of 1999, when most migrant birds return
and establish their breeding territories, the cut areas
provided very little vegetative cover. Many ecological
studies show a strong correlation between the struc
tural diversity of the plants and the diversity of the
animals living there. Consequently, a reduction in the
avdan community on the ROW for at least the first year
after cutting would be expected. Results of this survey
(Table 4) are assessed subsequently.

Management by mechanical cutting

The managed shrublands in FLNF near Seneca Lake
in central New York are on abandoned farmland and
have extensive growth of herbs with moderate growth

Management by fire

Surveys were conducted in central New York in the
2000-acre Edmund Niles Huyck Preserve in 1999 in
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Table 4. Abundance and population trends for species in ROW of the New York Power Authority within the Edmund Niles Huyck
Preserve and adjacent Husic property. Listed species occurred on at least 25% of 11 standardized point counts taken in June, 1999 in cut
areas. Values represent the mean number of individuals per point count for species that included the ROW in their nesting territory, the
ratio of the mean number for point counts in ROW managed by mechanical cutting compared to the number per point count for the North
American Breeding Bird Survey from 1966 to 1996 for New York, and the population trend for New York according to BBS data for the
same time period. Declining populations are underlined
Species

No./point count
Fluyck Preserve

Point count ratio
Huyck/BBS

Population trends
New York

Common Yellowthroat

1.55

4.30

0

Chestnut-sided Warbler

1.55

13.73

-0 .9

Song Sparrow

1.09

1.82

-1 .1

American Robin

1.00

0.83

-0 .5

Alder Flycatcher

0.82

22.73

4.1

0.55

9.31

-4 .1
-0 .5

Field Sparrow
Blue Jay

0.27

1.41

Indigo Bunting

0.27

2.49

0.3

White-throated Sparrow

0.27

1.66

-1 .3

Table 5. Abundance and population trends for species in managed shrublands of the Finger Lakes National Forest in New York. Listed
species occurred on at least 25% of 31 standardized point counts taken in May-June of 1998-1999. Values represent the mean number of
individuals per point count, the ratio of the mean number for point counts in FLNF to the mean number detected per point count for the
North American Breeding Bird Survey from 1966 to 1996 for New York, and the population trend for New York according to BBS data for
the same time period. Declining populations are underlined
No./point count finger
lakes national forest

Ratio point counts
FLNF/BBS-NY

Population trends
New York

Song Sparrow

2.08

3.48

-1 .1 0

Common Yellowthroat

2.00

5.57

0.00

Eastern Towhee

1.42

34.00

-6 .3 0

Yellow Warbler

0.97

3.23

0.50

Blue-winged Warbler

0.92

31.54

2.50

American Goldfinch

0.92

2.79

-2 .0 0

Field Sparrow

0.89

15.27

-4 .1 0

Chestnut-sided Warbler

0.71

6.31

-0 .9 0

American Robin

0.66

0.55

-0 .5 0

Gray Catbird

0.58

2.57

0.10

Cedar Waxwing

0.50

2.35

0.10

Ovenbird

0.47

1.99

2.60

Species

Brown-headed Cowbird

0.39

2.73

-2 .4 0

Black-capped Chickadee

0.37

1.71

2.20

Indigo Bunting

0.32

2.88

0.30

Alder Flycatcher

0.29

8.06

4.10

Veery

0.26

2.34

-1 .3 0

of shrubs and some trees in clusters and along old
fence lines. Managed ground fires are started on cool
March mornings. They rarely kill trees and burn only
a short distance into clumps of shrubs, including
C. racemosa, C. stolonifera, V. lentago, and V. recognitum.
Vegetation recovers quickly and many birds nest in the
burn areas the spring of a fire. This management by
fire retards, but does not prevent, succession leading
to an increase in woody vegetation. This kind of
management produces shrublands with clusters of
herbs, clusters of shrubs and clusters of trees. This

provides great structural variation, which suggests
support for a high diversity of bird.
Comparison of the effects of management on avian
community

The two-year survey in FLNF showed that 17 species
occurred on at least 25% of the point counts (Ta
ble 5). Management by fire supported about 30% more
species per point count than herbicide application and
about 70% more species than mechanical cutting (Ta
ble 6). The high number of species in point counts
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Table 6. Avian abundance in shrublands managed by fire, selective herbicide application, and mechanical cutting. Surveys were
conducted in shrublands in the Finger Lakes National Forest managed by fire, and in ROW of Orange and Rockland Utilities in Sterling
Forest State Park managed by selective herbicide application, and in ROW of the New York Power Authority in the Edmund Niles Huyck
Preserve managed by mechanical cutting. Data are the means for the number of species of birds and the number of individual birds per
point count for all birds which used the census area as part of their nesting territory. Statistical analyses used a t-test comparing data from
ROW in the Fluyck Preserve to data from ROW of Orange and Rockland Utilities and then comparing data from the ROW of Orange and
Rockland Utilities to data from the Finger Lakes National Forest. Results have not adjusted for multiple comparisons nor for differences
in ROW width and are still under evaluation
Number of individuals
Mean
FLNF
P from t-test =
SFSP
P from t-test =
Huyck Preserve

P

15,12

Number of species

(H)

SE

Mean

(26)

0.88

13.11

0.014
12.07

(«)

SE

(26)

0.74

(29)

0.55

(11)

1,00

0.003
(29)

0.82

10.31

0.036
8.82

P

0.018
(11)

in the area managed by fire is partially due to the
clumps of trees and the presence of foresf-adapted
species, i.e., Veery {Catharus fuscescens), Black-capped
Chickadee (Poccile atricapillus), and Ovenbird (Seiimis
aiirocapillus). When forest species are omitted from con
sideration, then the ROW of Orange and Rockland
Utilities that were managed by selective herbicide ap
plication supported the highest number of shrubland
species. Fire management cannot be used in many cir
cumstances. Furthermore, burning alone cannot main
tain shrubland permanently since fire only slows the
rate at which trees become dominant in management
areas.
It appears that management by selective herbicide
application supports more birds than management by
mechanical cutting. We compiled only 11 point counts
in a ROW that was cut. In the middle of this sur
veyed portion of the cut ROW, we acquired one point
count in an area that was sprayed. The point count in
this sprayed portion of the ROW had a higher num
ber of individuals and species of birds than any of
the 11 point counts in the adjacent portions of the
ROW that were cut. The ratio of the number of indi
vidual birds and number of species for sprayed ROW
in Sterling Forest State Park compared to cut ROW in
the Fluyck Preserve was 1.37 and 1.35, respectively.
However, the width of ROW in Sterling Forest State
Park is 30% larger than in the Huyck Preserve, 6650 m, respectively. Because of the greater width, each
point count in ROW within Sterling Forest State Park
encompassed a greater area, which would partially ac
count for the difference in number of individual birds.
Although the greater width may be a partial cause
of the enhanced avdan community in ROW in Ster
ling Forest State Park, the management by selective
herbicide probably also contributes to the enhance
ment. The structural diversity of the vegetation in the
Huyck Preserve was greatly simplified by cutting. In
contrast, selective spraying leads to a structural diver
sity of patches of shrubs and patches of herbs, which
should support a greater diversity of avian species.
Further, many species did not increase in abundance

1.10

7.64

with increasing ROW width as seen in our study (see
Multi-factor, logistic regression). Some species used
the edge on one side or the other of the ROW and their
abundance was independent of width. Other species
expanded their territory to fill the width of the ROW
and their abundance would be largely independent
of width. Multifactor analyses described subsequently,
show that the number of species per point count does
not increase in proportion to width. Our results sug
gest that a larger sample size will substantiate a reduc
tion in bird density related to mechanical cutting.

HABITAT SELECTION: METHODS

The habitat within a point circle often varied greatly.
To more accurately associate the presence of a species
wifh its nesting habitat, each count was visually parti
tioned into quadrants, i.e., front left, front right, back
right, back left, for a total of 1148 quadrants from 287
point counts along utility ROW. Each bird was as
signed to the quadrant the bird used most frequently
during the count, which provide a precise indicator of
the habitat preference for that bird.
The percent cover by herbs, shrubs or trees was
visually assessed. We assigned the percent cover to
the following categories: 0-5%, 6-33%, 34-66%, or 67100%. After two days of practice, all members of a
field crew made identical estimates at trial sites. Our
visual estimate provides a rapid method to assess envi
ronmental conditions. With this procedure, field crews
conducted as many as 15 point counts along 3 miles of
ROW in a day. This rapid inspection allowed us to ob
tain a large sample size, which reduced standard error
and enabled us to detect statistically significant differ
ences in bird distribution despite a high variance in
habitat conditions.
Vegetation under a ROW is managed to produce a
cover of herbs or shrubs in order to prevent tree growth
that might ground the current. The ratio of cover by
herbs or shrubs can be altered considerably by man
agement while other environmental conditions, such
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as streams and wetlands, are little influenced by man
agement. Because the proportion of cover by herbs and
shrubs is largely under the control of management, we
focused our analyses of habitat selection on these two
types of vegefative cover.
Resulfs from all standard point counts in 1998-1999
were pooled to increase the reliability of the statisti
cal inference and to test if there were detectable habitat
preferences thaf applied throughout much of north
eastern US. Habitat preference was determined for
species defected on at least 25% of the point counts on
ROW and which we thought were in their nesting ter
ritories when counted. This eliminates consideration of
several species that foraged in the ROW but nested in
adjacent forests, such as the Black-capped Chickadee.
This also eliminated Cedar Waxwing {Bombycilla cedrorum), a late nesting species that was just starting to nest
by the time we finished our surveys, and Common
Crackle {Quiscalus quiscula), an early nesting species
that appeared in post-breeding flocks on the ROW dur
ing our counts.
Habitat selection is described with the aid of two
kinds of sfatistical analyses. We used Chi-square, uni
variate analyses to determine if the frequency of occur
rence of a species varied among the different density
categories for herbs or shrubs. However, single-factor
analyses such as Chi-square do not provide statistical
control for correlation among samples and the possible
influence of one factor on another.
We also used repeated-measures logistic regression
to evaluate the effect of each habitat characteristic,
while simultaneously controlling for additional factors
that might influence the presence/absence of a species.
Variables used in these statistical analyses are:
- Density of herb cover
- Density of shrub cover
- Height of shrub
- Width of rights-of-way
- Observer
- Time of day
- Julian date (i.e., days since 1 January with a mean of
160 days)
Observer, time of day and Julian date affects our
ability to detect birds that are there, but do not affect
the probability of a bird being there. These "nuisance"
factors can alter the efficiency of point counts taken at
different times and were included in the initial statis
tical analyses for all species. Julian date adjusts for the
decline in singing and the related decline in easy with
which a bird may be detected. Time o f day accounts
for the peak of singing in the early morning. Observer
adjusts for differences in skill between Confer and
the other recorders. The width of the ROW was mea
sured with a laser range finder. Average shrub height
was estimated. The logistic regression incorporates the
density of herbs, the density of shrubs and observer
as categorical variables. All other factors were used
as continuous variables. The results were adjusted for
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correlation among conditions for the simultaneously
recorded quadrants at each point count.
The initial, full analysis for each species was run
with all variables including the nuisance variables.
ROW width and shrub height were measured only
for the last 75% of the point counts so that the ini
tial statistical analyses, which tested for an effect of all
variables, omitfed 25% of the counts with this informa
tion missing. The following steps were used to reduce
the complexity of the initial, full analysis. If either the
ROW width or shrub height had p-values >0.1, they
were dropped and the analysis was repeated to take
advantage of the larger sample size. Nuisance vari
ables in the full sfatistical formulation for each species
were dropped if the p-values were >0.1. Vegetation
variables with p-values >0.2 were similarly eliminated
and the analysis was repeated. Vegetation variables
in the initial statistical formulation that were close to
p = 0.2, were retained in the reduced model in order to
confirm that they explained insignificant amounts of
variation in species presence.

HABITAT SELECTION: RESULTS
Chi-square analyses

The Chi-square analyses show that 9 of 12 nesting
species detected on at least 25% of our point counts
have a statistically significant preference among the
categories for the density of herbs and/or shrubs
(Figs. 1 and 2). For instance. Blue-winged Warblers oc
curred in highest density in habitat with at least 67%
herbaceous growth and less than 6% shrub growth.
These results show that many species have very spe
cific preference or avoidance for specific cover cate
gories. These results enable managers to tailor man
agement practices for particularly rare species.
Analyses of all 93 detected species showed that sig
nificantly more species occurred in quadrants with
higher densities of shrubs (Chi-square contingency
test, p < 0.01). Management for about 50% shrub cover
would support the greatest number of species per

Species

Field Sparrow
Blue-winged Warbler
Song Sparrow
Brown-headed Cowbird
American Robin
American Goldfinch
Yellow Warbler
Eastern Towhee
Common Yellowthroat
Prairie Warbler
Chestnut-sided Warbler
Gray Catbird

Chi-Square

Percent C over b y Herbaceous G rowth
0-5%
6-32%
33-66%

P< 0.0 1
P < 0.07
P < 0.09

P<0.01

NS
NS
NS
NS
NS
P < 0.05
P <0.01
P =0.01

signifies cover category most frequently occupied
signifies cover category least frequently occupied

Fig. 1. Selection by common shrubland birds for herb cover. Results
based on 284 point counts. Chi-square analyses were based on the
presence or absence of each species by quadrant.
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Species

Common Yellowthroat
Chestnut-sided Warbler
Prairie Warbler
Eastern Towhee
Gray Catbird
Brown-headed Cowbird
Yellow Warbler
American Robin
American Goldfinch
Song Sparrow
Blue-winged Warbler
Field Sparrow_________
Codes:

f.L. Confer
Chi-Square
Probability
P <0.01
P <0.01
P =0.04

P ercent C o ver b y Shrub G rowth
0-5%

6-32%

3 3-66%

67-100%

P <0.01
P =0.01
P <0.01
NS
NS
NS
NS
P = 0.06
P< 0.0 1

signifies cover category most frequently occupied
signifies cover category occupied least frequently

Fig. 2. Selection for shrub cover by common ROW birds. Results
based on 284 point counts. Chi-square analyses were based on the
presence or absence of each species by quadrant.

quadrant. However, some species, such as the Blue
winged Warbler and the Field Sparrow, occurred in
maximum density in habitat dominated by herbs.
A long segment of a ROW that provides a varied habi
tat, some segments with dense shrubs and some with
extensive herbs would support the largest number of
species. In some regions a particular species may be
in severe jeopardy, such as the Golden-winged War
bler in ROW of Orange and Rockland Utilities. In this
instance, management should be designed to produce
a high density of herbaceous cover for this very rare
species even if this lowers the overall avian diversity.
Multi-factor, logistic analyses

Chi-square analyses, although easy to display and
interpret, do not assess the potential for more than
one factor to influence the probability of a bird's
presence and do not consider the potential for the
preference for one condition to be altered by changes
in other conditions. The following multi-factor, logistic
regression analyses adjust for these kinds of factor
interactions for each species.
Eleven of the 12 common species showed a sig
nificant correlation with one or more environmental
variable, excluding only the American Robin {Turdus
migratorius). The multi-factor analyses, as anticipated,
show that habitat preference is influenced by a variety
of factors, sometimes involving non-linear responses.
Breeding density for five species was highest at mod
erate to high shrub densities. Five species preferred
high densities of herbs, including the nest parasite,
the Brown-headed Cowbird (Molothrus ater). Cowbird
abundance can be reduced by keeping shrubs at a low
height, although this would be disadvantageous for
the three other species that prefer taller shrubs. Six
species increased in number per point count as ROW
width increased. Only two species increased in propor
tion to the width. For four of these species, the rate of
increase in abundance was less than the rate of increase
in width, which infers these species have a higher con
centration on the edge. Most species, including the
American Robin, showed either a small response or no
response to the width of ROW that we sampled.

- Common Yellowthroat {Geothlypis trichas) Highest
breeding density obtained with high density of
shrubs abundance increased slightly by an increase
in ROW width.
- Yellow Warbler {Dendroica petechia) Highest breeding
density obtained with high density of shrubs; abun
dance nearly in proportion to ROW width.
- Gray Catbird (Duinatella carolinensis) Highest breed
ing density obtained with a high density of taller
shrubs.
- Prairie Warbler (Dendroica discolor) Highest breeding
density obtained with taller shrubs.
- American Goldfinch (Carduelis tristis) Highest breed
ing density obtained with taller shrubs; abundance
increased slightly with an increase in ROW width.
- Eastern Towhee (Pipilo erythrophthalmus) Highest
breeding density obtained with moderate density of
shrubs.
- Chestnut-sided Warbler (Dendroica pensylvanica)
Highest breeding density obtained with moderate
density of herbs and slight density of low shrubs;
abundance increased slightly by an increase in ROW
width.
- Blue-winged Warbler (Vermivora pinus) Highest den
sity obtained at high density of herbs.
- Song Sparrow (Melospiza melodia) Highest densities
obtained at high density of herbs; abundance nearly
in proportion to ROW width.
- Field Sparrow (Spizella pusilla) Highest densities
obtained at high density of herbs; abundance only
slightly increased by an increase in ROW width.
- Brown-headed Cowbird (Molothrus ater) Density re
duced by decreasing shrub height and/or by de
creasing density of herbs.

SUMMARY

Results show that shrubland birds are abundant on
ROW throughout the northeastern US. Notably, ROW
support high densities of species which are declining
throughout the northeast outside of the ROW. As for
est regeneration continues throughout the Northeast,
managed ROW will become increasingly significant
for shrubland species. Both the Golden-winged and
Blue-winged Warblers are declining very rapidly in
part of their ranges. The ROW in Sterling Forest State
Park, managed by herbicide application, provide a na
tionally significant habitat where both species have
co-occurred for nearly a century.
Three techniques for managing shrublands were
compared in this study. Management by fire supported
the greatest density and diversity of species, includ
ing some forest species. However, fire management is
impractical in most locations. Selective herbicide appli
cation supported a high diversity and density of birds
and the highest density of shrubland species. Main
tenance by cutting appeared to support the lowest
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diversity of birds. However, this trend requires further
statistical evaluation.
We observed 93 species during the point counts
on ROW. The univariate Chi-square analyses show
that the greatest number of species occurred at higher
shrub densities. The multi-factor analyses show that
half of the 12 most common species prefer at least
50% shrub cover and half prefer at least 50% herb
cover. The abundance of 8 of the 12 most common
species was related to two or more factors. Cowbirds
prefer extensive herb cover and their impact on other
species can be minimized by managing for low shrubs.
Because of the species-specific differences in habitat
preference, the greatest avian density can be obtained
by managing for habitat diversity along ROW. Areas
of extensive herbs alternating with areas of extensive
shrubs, each at least 200 m in length, would support
the highest diversity of breeding birds.
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Mr. Confer teaches at Ithaca College and has worked
with Partners in Flight and Cornell's Laboratory of Or
nithology. For 20 years, his research has centered on
shrubland birds. During this time, shrubland habitat
has declined in northeastern US as forest regenera
tion progressed. Not surprisingly, the relative change
in habitat abundance has led to the current decline in
shrubland birds and increase in woodland birds. Be
cause utilities manage far more shrubland than the
sum of all other habitat managers in eastern US, he
has been pleased to work with EPRI, New England
Electric Systems, National Crid USA, Central Maine
Power, and Orange and Rockland Utilities to assess the
effect of management options on the density of nest
ing birds and their nesting success. He would like to
develop plans for habitat management that maximize
avian reproduction on utility ROW. His recent stud
ies document that shrubland rights-of-way support a
high density of shrubland birds which generally sus
tain a high reproductive success and that utility ROW
in forested landscapes do not have a major impact on
the nesting success of birds in the adjacent forest, and
suggest that small patches of shrubs are poor nesting
sites.

:o ' n . ‘

■ ■ liU ii

■j ' i l r - ^

■:

■■«.■■

=':- r
>' ■i >;t . : !

i v ;.j

i:y :

• •.

..

. . .V i‘* '

*-i - ' l i

r - .:

■

>

^ i- -

■■ -ir

•,

y.V 'o? r.
i; ■■:r i;
'■■;.
!o i' ■ :-i

•-■I'.-t'..

•.

■> 'iv ;; . ■
■• V '

'> i

r ;

■:y.>
' t.

^■:

-.ii
'■ ::< -/.

■ . ■

■

'.r:
..■

M.

' /f- 5
-1
.

:

M.

•. r,} _

'■ 1-:

^

383

D eer B row se M o n ito rin g in a R eco n stru cted 120 kV
P ow erline R ig h t-o f-W ay a fter an Ice Storm

G. Jean Doucet and Eric R. Thompson

The Rigaud white-tailed deer {Odocoileus virginianus) winter yard is located approximately 100 km
west of Montreal, QC. The forest stands attractive for deer in the yard are those provided by white
cedars {Thuja occidentalis), an excellent cover for wintering deer in the northeast. Two powerline
rights-of-way (120 and 735 kV) bisect cedar stands in the southwest section of the yard. In January
1998 the 120 kV powerline collapsed due to a major ice storm, which deposited more than 50 mm
of ice on the structures. The line was rebuilt in the summer and fall of 1998. During and after the
reconstruction period we monitored the fate of winter browse in the right-of-way. The objectives
of the paper are to discuss the implications of the reconstruction of the 120 kV powerline for deer
browse production and to present the 1999 and 2000 browse survey results. In the spring 1999 it
was obvious that no food was yet available to deer in the right-of-way. The 2000 spring survey
established the available browse at 16,644 stems/ha and 35,196 twigs/ha. The rate of browsing
by deer was 81.0%, which is similar to that of previous winters in that right-of-way.
Keywords: Deer browse, monitoring, ice storm, reconstruction, right-of-way

INTRODUCTION

The clearing and subsequent vegetation control in
rights-of-way located in white-tailed deer {Odocoileus
virginianus) winter yards in Eastern Canada and the
Northeast United States remain significant environ
mental issues (Evans, 1982; Dominske, 1997; Doucet
and Garant, 1997; Jackson and Hecklau, 1995). Over
the years, Hydro-Quebec has carried out a major re
search program on deer and rights-of-way (Doucet et
al., 1997). This paper addresses a relatively new issue
in right-of-way habitat management, that of access and
activities into sensitive habitats under emergency sit
uations, including reconstruction of powerlines. Two
transmission powerlines are located in the Rigaud
deeryard, a 120 kV built in 1972 and a 735 kV built
in 1976. The presence of these large structures in the
yard creates an excellent opportunity to study deer and
right-of-way interactions in winter (Eig. 1). Studies on
deer/right-of-way interactions have been conducted

in the yard since 1974 (Doucet et al., 1981; Doucet
et al., 1983; Brown and Doucet, 1991), thus a good
database already existed for the rights-of-way in the
deeryard.
In early January 1998 the entire 120 kV line, between
the Rigaud and St-Polycarpe substations (22 km) col
lapsed due to a major ice storm which lasted 5 days
and deposited between 50 and 75 mm of ice on the

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

Fig. 1. Deer crossing the 120 kV right-of-way in winter 1997.
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choke-cherry {Primus virginiana), black cherry {Primus
serotina), sugar maple {Acer saccharum), red maple {Acer
rubrum), and willows {Salix spp.). The forest stands at
tractive for deer in the Rigaud yard are those provided
by white cedars {Thuja occidentalis), an excellent cover
for wintering deer in the northeast. The two powerline
rights-of-way (120 and 735 kV) intersect each other and
bisect cedar stands in the southwest section of the deeryard. Each right-of-way is approximately 30 m wide
and the 735 kV right-of-way was only cleared under
the conductors; a condition to route through the yard.
The section of the 120 kV right-of-way studied was
approximately 1 km long, located on a gentle south
facing slope.

Fig. 2. Collapsed 120 kV powerline in January 1998.

structures (Fig. 2). Fallen materials such as poles, wires,
insulators and other hardware were cleared during the
1998 winter and the line was rebuilt in the summer and
fall of 1998. The corporate and public attitude dictat
ing the construction was spirited by a sense of urgency
related to still having fresh in mind the effects of the
so-called "ice storm of the century." Under these con
ditions, no specific plan was elaborated to protect deer
habitat during the rebuilding of the 120 kV line in
the Rigaud yard. The collapse and reconstruction of
the 120 kV line created a unique situation to monitor
what happens when a sensitive area must be accessed
and submitted to heavy construction activities in an
emergency situation. The objective of the study was
to monitor the state and response of deer browse in
the right-of-way during and after the reconstruction of
the powerline. The objectives of this paper are twofold:
(1) to discuss the implications of the reconstruction
of the 120 kV powerline for deer, and (2) to present
browse survey results from monitoring 2 years after
construction.

STUDY AREA

The deeryard under study is located on the Rigaud
mountain approximately 100 km west of Montreal,
QC, and covers an area of approximately 25 km^. In
1978 the population was estimated at approximately
285 animals (Parent 1978). Although no recent pop
ulation surveys have been conducted, biologists re
sponsible for the management of the Rigaud yard
estimate the present population between 100 and 150
animals. The forest habitat near the right-of-way is
characterized by deciduous or mixed stands inter
spersed with small islands of hemlock {Tsuga canaden
sis) and Balsam fir {Abies balsaniea). Other species
included hawthorn {Crataegus spp.), sumac {Rhus fyphina), red-osier dogwood {Cornus stolonifera), trem
bling aspen {Populus tremuloides), Eastern cottonwood
{Popuhis deltoides), balsam poplar {Populus balsamifera),
American elm {Uhnus americana), ashes {Fraxinus spp.).

METHOD

The approach to collect data was simple and consisted
of three parts. The first part consisted in taking a
series of photographs at various project steps as pre
construction and construction activities progressed in
winter, summer and fall 1998. This enabled to record
how deer browse was being reduced by the access
road, traffic of various types of vehicles, stock piling
of materials and digging and filling in the rightof-way. We also kept a field logbook in which we
recorded numerous descriptive notes related to the
encroachment of construction activities on browse.
After construction we continued taking photographs
over time to maintain a pictorial record.
The second part was carried out during the winters
1998,1999, and 2000. Observations were made on deer
activity in the right-of-way. More specifically we were
interested if deer crossed the right-of-way and/or if
they fed in the right-of-way. This was achieved by
making direct observations from vantage points along
the right-of-way.
The third part was to conduct browse counts in the
right-of-way in the spring after snowmelt. A visit to the
site on 5 May 1999 indicated that practically no twigs
were available 50 cm above ground. Thus no browse
had been available to deer during the 1999 winter and
it was decided not to conduct a browse count that
spring. In May 2000, a total of 202 5 m^ plots were
sampled to determine browse availability and use in
the right-of-way 2 years following the reconstruction
of the line. All woody twigs between 50 and 200
cm in height were identified and counted to enable
comparison with previous data.

RESULTS AND DISCUSSION

As far as we could determine from visual observations,
the ice storm of January 1998 by itself did not damage
the available browse in the 120 kV powerline right-ofway in the Rigaud yard. Small stems bent over but did

Deer browse monitoring

Fig. 3. Deer browse in the right-of-way before mowing and con
struction in June 1998.

not seem to have broken under the ice load (Fig. 3).
Several deer were observed feeding in the right-of-way
on 15 January 1998, just a few days after the storm.
Emergency access to the right-of-way in winter 1998
when deer were in the yard was not a major issue, since
only minor activities related to clean up and pick up of
hardware were involved. A small crew required only a
few days to complete the job. Surveying was done in
the spring 1998 but the bulk of the reconstruction was
done in summer 1998, when deer were absent from the
yard except for a few individuals that, based on track
observations, remained in the right-of-way area during
the summer.
Shortly after the ice storm, clean-up crews cleared a
winter access road on the frozen ground on the west
side of the entire length of the right-of-way. This was a
3 m wide access road in which the snow was pushed
to the side, creating a small snow bank that did not
impede deer movement. In winter 1998, preparation
work only involved clearing the hardware and debris
after the collapse of the line. All fallen 8 twin wooden
structures, insulators and wires were carried away
from the study area. On 30 July 1998, as part of the reg
ular vegetation control program, a motorized mower
was used to mow the entire surface of the right-ofway. In August 1998, construction activities started in
the section under study. This involved improvement of
the access road, transportation of materials, including
gravel and fine materials to compact the foundation
of the towers. In the section studied, 2 steel towers
and 8 twin poles (2 more supports than before the
collapse) were erected during August and conductors
were strung (Fig. 4). Movement by heavy machinery,
digging for the 2 steel towers and storage of gravel; in
addition to the mowing operation appeared to severely
reduce deer browse. As spring and summer 1998 pro
gressed, it became apparent that deer browse was be
ing cumulatively reduced by various activities related
to the pre-construction and construction phases. Traffic
of heavy and light vehicles in the access road eventu
ally made it deep rutted and characterized by puddles
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Fig. 4. Construction of the 120 kV powerline in August 1998.

and bare soil. The stockpiling of materials such as steel,
wood poles, gravel, and sand, along with digging and
stockpiling of earth for poles and towers, made areas
around pole sites totally devoid of vegetation.
Deer appeared to be disturbed very little by the
changes over the 3 winters of the study. Deer were
observed crossing the right-of-way just a few days af
ter the storm and track patterns indicated that deer
crossed the right-of-way throughout the 1998 winter,
sometimes between conductors at ground level. In
1999, direct observations and track patterns also indi
cated that deer were crossing the right-of-way in great
numbers, but that very little time was spent browsing
in the right-of-way. During the 2000 winter deer spent
more time browsing in the right-of-way than the pre
vious winter. On a few occasions, we observed deer
feeding for more than 10 min in the right-of-way at
dusk. Doucet et al. (1987) reported deer spending as
much as 14 min browsing in the same right-of-way.
The browse available in spring 1998 was not sur
veyed since we already have a good database on
browse production and use in the Rigaud yard rightsof-way from several previous years. We planned to
conduct a browse count in the spring 1999 but cur
sory visual observations at the site in May 1999 quickly
indicated that browse above 50 cm from the ground
was almost non existent (Fig. 5). This was mainly
the result of the 1998 mowing operation in the entire
right-of-way, since long sections of the east side of the
right-of-way were spared any construction traffic and
stockpiling. In summer 1999 however, it was easy to
observe that several stems were going to provide some
browse above the 50 cm snow line during the follow
ing (2000) winter (Fig. 6).
The browse survey conducted in May 2000 indi
cated that the total stem density in the right-of-way
was 16,644 stems/ha, while the twig density was
35,196 twigs/ha (Table 1).
Red-osier dogwood and willows represented over
60% of the twigs browsed. These data reflect that all
stems were small and the majority each provided only
one twig to the browse count. For example, red-osier
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Table 1. Browse available and used by deer in the Rigaud right-of-way in winter 2000

Lcitin names

Common names*

A cer sacch aru m

Sugar Maple
Paper Birch
Grey Birch
Bitternut hickory
Red-Osier Dogwood
Hawthorn
White Ash
Black Ash
Larch
Balsam Poplar
Trembling Aspen
Black Cherry
Choke Cherry
Buckthorn
Sumac
Willow
Elderberry
Meadow Sweet
Eastern Cedar
Basswood
White Elm
Nanny Berry

B c t iila p a p y r ife r a
B c h d a p o p u lifo lia
C a r y a c o r d ifo r m is
C o r in is s to lo n ife r a
C r a ta e g u s

spp.

F r a x in u s a m e r ic a n a
F r a x i)iu s n ig r a
L a r ix la r ic in a
P o p u lu s b a ls a m ife r a
P o p u liis tr e m u lo id e s
P r u n u s s e r o tin a
P r iin n s v ir g in ia n a
R lu n n n u s a ln ifo liu s
R h u s ty p h in a
S a lix

spp.

S am bu cu s

spp.

S p ir e a la tifo lia
T h u ja o c c id e n ta lis
T ilia a m e r ic a n a
L itm u s a m e r ic a n a
V ib u r n u m c a s s in o id e s

Totals

Stems
available
# (ha)

Stems
available

200
1538
80
90
5884
99
1249
310
10
70
190
40
30
160
30
4316
20
1039
430
569
270
20
16,644

(%)

Twigs
available
#(ha)

Twigs
available
(%)

1.2
9.2
0.5
0.5
35.4
0.6
7.5
1.9
0.1
0.4
1.1
0.2
0.2
1.0
0.2
25.9
0.1
6.2
2.6
3.4
1.6
0.1
100.0

270
3816
150
150
9990
300
2018
588
80
150
370
180
110
450
30
11,378
20
1459
2278
889
500
20
35,196

0.8
10.8
0.4
0.4
28.4
0.9
5.7
1.7
0.2
0.4
1.1
0.5
0.3
1.3
0.1
32.3
0.1
4.1
6.5
2.5
1.4
0.1
100.0

Twigs
browsed
#(ha)
270
2837
80
140
9550
160
1259
208
40
120
260
140
90
290
30
9500
20

no
2278
859
270
10
28,521

Twigs
unbrowsed
#{ha)

Rate of
browsing
(%)

Importance
in the diet

0
979
70
10
440
140
759
380
40
30
110
40
20
160
0
1878
0
1349
0
30
230
10
6675

100.0
74.3
53.3
93.3
95.6
53.3
62.4
35.4
50.0
80.0
70.3
77.8
81.8
64.4
100.0
83.5
100.0
7.5
100.0
96.6
54.0
50.0
81.0

0.9
9.9
0.3
0.5
33.5
0.6
4.4
0.7
0.1
0.4
0.9
0.5
0.3
1.0
0.1
33.3
0.1
0.4
8.0
3.0
0.9
0.0
100.0

(%)

*Trees in Canada.

Fig. 5. Absence of deer browse in the right-of-way in the w'inter
1999.

dogwood contributed 5884 stems/ha for a total of
9990 twigs/ha, indicating that each plant contributed
on average 2 twigs to deer browse in the right-ofway. Red-osier dogwood is a privileged species from
a right-of-way management perspective as it can he
heavily browsed by deer in winter and never becomes
a problem with conductor clearance. Deer browsed
81.0% of available twigs in the right-of-way in win
ter 2000 (Table 1). This rate is similar to that reported
over the years (Doucet and Brown, 1983; Garant, 1989).
In general, browse production results are consistent
with those observed in past studies in relation to the
vegetation control cycle in the right-of-way. Doucet
and Brown (1983) reported 15,730 stems/ha and 47,970

Fig. 6. Deer browse in the right-of-w’ay in the winter 2000.

twigs/ha 2 years after a cut and herbicide treatment;
while Garant (1989) reported 16,240 stems/ha and
67,360 twigs/ha, 2 growing seasons after a manual cut
of the vegetation in the Rigaud right-of-way. The dom
inant species in 1989 were Corniis stolonifera, Fraxinus
and Snlix but Fraxinus represented a greater proportion
of the browse than that in 2000 (Garant, 1989).
The browse density of 35,196 twigs/ha observed in
the present study is well short of the 100,000 twigs/ha
recommended in the Quebec deeryard management
guide (Germain et al., 1986) for food patches in deeryards. The main reasons for this are the following:
(1) all stems were very small, (2) the micro-drainage in
the right-of-way has been modified in the lower slope.
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and (3) species such as purple loosestrife {Lythrum Salicaria), cat-tails {Typha spp.), and reed-grass {Phragmites
communis) seemed to be more aggressive in the rightof-way. In addition, Rigaud's browse production has
seldom exceeded 70,000 twigs/ha mainly due to the
short cycle of vegetation control and severe browsing
by deer in winter. It remains somewhat difficult to pre
dict gains in browse production in the next 2 years
due to changes in species composition and soil and
drainage disturbance in the right-of-way. Observations
during a site visit in September 2000 lead us to specu
late based on a visual estimate that it could take 2 more
years for the browse to approach 70,000 twigs/ha. It
appears that only aggressive management could lead
to browse availability approaching 100,000 twigs/ha
in that right-of-way.

CONCLUSIONS

The elimination of browse in the right-of-way was a
cumulative process. The removal of snow for the ac
cess road in winter 1998 did not affect browse availabil
ity very much, although it did damage some shrubs.
The intense use of this road in the summer 1998 during
construction eliminated the browse and eventually the
road surface became bare soil. The vegetation control
with a mower in July 1998 and the subsequent con
struction activities completely eliminated the browse
from the right-of-way. The ground disturbance near
all new towers left patches of bare soil extending
the width of the right-of-way, and where no browse
was recorded even in the spring 2000 survey. Had
the mower not been used, considerable browse would
have been available, at least in mid-span sections on
the east side (side opposite the road) of the right-ofway.
Deer did not seem to be disturbed by the fallen lines
and clean-up activities in the right-of-way in the winter
1998. Despite lack of planning for browse protection
specific to reconstruction, the browse available in 2000
was relatively close to that recorded 2 years after regu
lar vegetation control. We speculate that with minimal
planning, at no extra cost, and without mowing, the
site could have produced close to 70,000 twigs/ha in
winter 2000. Despite its shortcomings, we believe this
case presents evidence that, with some planning, it
would be possible to access some sensitive habitats
under emergency conditions; and comply with estab
lished environmental requirements.
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Mitigating the Impacts
of Electric Facilities to Birds
John M. Bridges and Theodore R. Anderson

There is a great deal of pressure on the electric utility industry to solve all of its problems with
collisions, electrocutions and other bird interactions. Resource management agencies and utility
managers are looking for a quick fix to make the problem go away. However, in many cases the
need for speed results in solutions that are poorly thought out, and may cause more problems
than they solve. The purpose of this paper will be to discuss the mitigative measures found in the
literature and provide a brief evaluation of their effectiveness and some of the problems the may
create. The evaluation will be based on Western's experience, existing literature and personal
experience. For example, collisions with man-made structures are one of the major impacts to
avifauna associated with transmission and distribution lines. Raptor silhouettes, different color
marker balls, and various "bird diverters" all work to some degree. However, marking with the
wrong color or wrong type of device may not be effective, could be a maintenance problem or may
even cause lines to go down. Eliminating a perch site to solve an electrocution problem may create
an electrocution problem that was not there in the first place, relocate the problem or become a
maintenance nightmare. Providing nesting platforms may adversely affect non-target sensitive
species, or not be used at all. The overall objective of the paper will be to suggest reasonableness
in the m itigativ e m easu res and p ro v o k e th o u gh t p rio r to im p lem entation.

Keywords: Birds, collisions, electrocutions, nesting, impacts, mitigation, outages, perch

INTRODUCTION

The US Department of Energy's Western Area Power
Administration (Western) has approximately 17,000
miles of transmission lines in 15 western states. The
ecosystems encountered range from subalpine to low
desert, from tall grass prairie to live oak savannah.
Since 1977, when it was legislated into existence.
Western has dealt with bird collisions, electrocutions,
and nests in and on its facilities.
It is generally acknowledged that the construction
of electric transmission and distribution lines results
in the direct impact of habitat alteration due to rightof-way clearing. Unless a particularly sensitive species
is present, this is not a long-term impact and is
not usually considered significant. Once a line is up
and operational, the problem of bird collisions and

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t: S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd.

electrocutions is a long-term impact, and for certain
species could be significant.

METHODS

The identification of bird interactions generally comes
from Incident or Outage Reports submitted to the
National Electric Reliability Council, maintenance sur
veys, or citizen reports. The methods used to minimize
the impacts is based on the authors' personal experi
ence and published literature.

ELECTROCUTIONS

The electric utility industry, both here and abroad, find
wildlife electrocutions to be significant environmen
tal and economical issues. Environmental issues tend
to get "fixed" following the completion of other more
electrical needs. However, according to Western inci
dent reports, from June 1, 1999 to June 1, 2000, West
ern bird-caused outages totaled SlYi Megawatt-hours
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(MW-h). For Western, these are just the "reported out
ages" known to be caused by birds. Nearly 1200 MW-h
were lost due to "wildlife or unknown causes" dur
ing this same timeframe. Dedon and Colson (1987)
reported that Pacific Gas and Electric lost an average
of $354,129 per year during 1983-1986. There are ad
ditional outages and possibly electrocutions that go
unreported on most of Western's system, due to au
tomatic reclosures (these are devices that sense when
an electricity has stopped flowing fhrough a circuit
and seek out where the circuit is not complete and try
to reconnect it). There is an increase in the published
and unpublished information (Chris van Rooyen, Eskom, personal communication, 2000; Burnham, 1995;
and Blume, 1982) indicating some of the reported, "un
known outages" may be the result of "bird sfreamers."
These are fhe long sfringy defecafion of raptors and
other large birds across electrical equipment causing
outages and possible avian mortality. What all this
means is, in the de-regulating electric utility industry
many of fhese outages, which for fhe mosf part are pre
ventable, are an economic as well as an environmental
issue.
Birds will use transmission and distribution struc
tures for perching and nesfing. Young birds, which
are not yet efficient at hunting on the wing, will hunt
from ufilify strucfures. Mafure birds will also occasion
ally hunf from these structures. This is especially true
in open habitats without natural perches (Stahlecker,
1978). The end result of fhis use is occasionally an electrocufion. Dedon and Colson (1987) found thaf birds
caused about 5% of oufages on their system, and 57%
of those were electrocutions. In South Africa, Kruger
(1999) reported that in 32 months, 147 raptors, rep
resenting 19 species were electrocuted on the Eskom
distribution system.
APLIC (1996) has thoroughly described the cause
and effect of large bird elecfrocutions. There are three
basic measures for minimizing bird elecfrocufions.
The firsf is to stop the bird from perching on fhe
equipmenf. A number of deterrenfs are available,
including different types of triangles, single dowels,
multiple points and anti-perching irons. Some of these,
such as the triangles, are very effective for large fo
medium sized raptors, but placement is important.
Harness (2000) has found fhaf raptors can use the
triangles as a perch, which sometimes can put the bird
at greater risk. The long, sharp-pointed devices could
injure some larger birds, while smaller birds, such as
rock doves (Columba livia), will pile nest material on the
projections until they are no longer effective. Keep in
mind the perch location initially attracted the bird for
a reason, and unless fhaf reason is no longer present,
a bird will want to use the perch.
The second is to provide a safe, alternative perch
site. Chervick (1999) developed a multi-perch for Har
ris hawks (Parabuteo unicinctus). Harris hawks are
unique in North America in that they tend to hunt and

perch in family groups and when fhey perch on disfribution lines fhey tend to get electrocuted in groups. The
perch was designed to accommodate several individ
uals at one time, and get them up and away from fhe
energized lines. Bridges and Lopez (1995) added single
perches to distribution line poles to minimize raptor
electrocutions.
The third is to prevent a phase to phase or phase to
ground contact by the bird. There are covering devices
manufactured for wires, conducfors, insulators and
bushings, which will minimize the potential for elec
frocutions. Information on these coverings is provided
in APLIC (1996). It is important to note, especially to
maintenance crews, that these coverings are not in
sulation designed to protect humans, meaning that
handling energized wires with this covering may still
cause a severe trauma. Also, Roig and Navazo (1997)
noted that anti-electrocution measures used in Spain
did not prove equally effective for all species.
Whefher the fix is to deter perching, provide safe
perches or cover the equipment, it is important to be
aware of the species involved, and why, as well as how,
they are using the equipment. Roig and Navazo (1997)
found that insulating measures were more effective in
preventing electrocutions than perch deterrents. Perch
deterrents sometimes put a bird in even more jeopardy
than would occur if you did nothing to the facility
(Bridges and Lopez, 1995; Harness, 2000; Harness and
Garret, 1999). Always follow up on fhe measures you
have used fo ensure fhey are working.

NESTING PLATFORMS

A large number of bird species use transmission and
distribution structures for nesting (Gilmer and Wiehe,
1977 and Stahlecker and Griese, 1979). There are two
reasons for providing arfificial nesting facilities. Eirst
is the need to relocate a nest away from energized
equipmenf, either out of concern for fhe bird, or
for reliability reasons. Second, is to enhance nesting
habitat (Hamerstrom et al., 1973; Grub, 1980; Howard,
1980; Base and Sievert, 1987, and Hunter et al., 1997).
If fhe decision is made fo use arfificial nesting facilities
for either reason, the target species must be identified
and fhe nesfing subsfrate must be preferred by thaf
species. Howard used platforms to enhance nesting
habitat for ferruginous hawks {Buteo regalis) and found
fhat they preferred a plafform wifhout a shading
device. Bridges and McConnon (1987) reported on
the success of three different types of platforms in
North Dakota. While all three types of platforms were
used, greaf horned owls (Bubo virginiamis) seemed
to prefer the platforms with a shading device and
ferruginous hawks seemed to prefer fhe plafforms
wifhout a shading device.
Eollow-up studies on the use of fhe plafform and
whether the target species is being accommodated
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are important. Occasionally, platforms will adversely
affect prey species, especially where their populations
have dwindled. In the southwestern deserts, ravens
(Corvus corax) will use nesting platforms and prey
on juvenile desert tortoises {Gopherus agassizii), which
are listed as a threatened species. A growing problem
in the Western US is the use of platforms by non
target species. In Montana, for example, hundreds
of platforms have been put up for ospreys (Pandion
haliaetus), to keep them out of utility structures and
provide alternate nesting habitat. Other species have
moved in, and in one area, thirteen platforms are
being used, but only six are used by ospreys. The
others according to Milodragvich (2000) are occupied
by Canada geese {Branta canadensis) and one by a
great blue heron {Ardea herodias). The result has been
ospreys are moving back onto the transmission line
structures.

COLLISIONS

Bird collisions with overhead wires have been noted
as a cause of mortality in the US at least since 1876
(Coues, 1876). Avery (1978) summarized the collision
issue dealing with transmission lines for the US Fish
and Wildlife Service. The problem is not restricted to
North America (see also Alanso et al., 1993; Teller et
al., 1987; Ledger et al., 1993; Bevanger, 1993; Roig and
Navazo, 1997). Hess (1999) reports the problem to be
quite widespread in Tasmania as well as the rest of
Australia.
Birds collide with transmission lines because they
can't see the line, either due to weather conditions or
because they are occupied by something else such as
courtship, hunting, or escape. Bird collisions typically
occur with the overhead ground wire when the bird
veers up to avoid the conductors. Panic flushes, partic
ularly of flocking birds (e.g., waterfowl, wading birds,
or shorebirds) have been documented by Krapu (1974)
and Schroeder (1977). Spring mating season often leads
to collisions, as does the late summer and fall when
young of the year are learning the intricate maneuvers
of flight (Hugie et al., 1993).
The Avian Power Line Interaction Committee has
summarized the methods used to reduce collisions
(APLIC, 1994). These include careful location of the
line when originally routed. If the line is already in
place, a two-year, four-season, study is recommended
to determine the aerial extent of the collision prob
lem and the species involved. Based on the results
of the study, the problem can be minimized by re
moving the overhead ground wire when appropriate,
and/or marking it with some type of device to draw
the bird's attention to it. Marking devices include avi
ation marker balls, spiral vibration dampers, air flow
spoilers, bird flight diverters of various design and di
mension, and several swinging devices such as swing
ing plates, or flappers.
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Beaulaurier et al. (1984) found that removing the
overhead groundwire, or shield wire was very ef
fective in the Pacific Northwest. Meyer (1978) found
marking the groundwire works with varying degrees
of success. Brown and Drewien (1995) studied the
effectiveness of two different marking devices (i.e.,
swinging plates and spiral vibration dampers) and
found that they both reduced collisions, but the ef
fectiveness varied by season and species. Roig and
Navazo (1997) found that "white spirals" spaced every
10 m on the overhead ground wire were effective.
Where overhead ground wires were not present, they
attached a 35 cm long, black, neoprene strip to the con
ductor and that worked almost as well. Koops and de
Jong (1981) studied the effectiveness of "bird flight di
verters" in Denmark and found that, depending on
the spacing of the diverters on the wires, they reduced
bird collisions by 57-89%. Teller (1999) found that bird
flight diverters had little effect on shearwater (Puffinus sp.) collisions but yellow, aviation marker balls
with 8-inch black dots worked quite well. Beaulaurier
et al. (1984) also used orange aviation marker balls,
fishing floats and yellow streamers, all with some suc
cess. Bird flappers, a device that attaches to either
the groundwire or conductor, have been suggested by
Miller (1993) and Ledger (1993) and placed on lines
in South Africa (van Rooyen, 2000). Janss et al. (1999)
studied the use of static raptor models (i.e., golden
eagles and accipiters) mounted on transmission line
structures, to reduce collisions. They found that the
models had no effect on collisions or the potential for
collisions.
With all of these techniques, it is important to re
member that the purpose of the facility is the reliable
transmission of electricity. The amount of lightning
activity has to be considered before removing the
overhead groundwire. Ice- and wind-loading poten
tial needs to be evaluated before attaching anything
to either the conductors or the groundwires. The at
tached device, aviation marker ball or flapper may also
wear on the wire it is attached to resulting in failure of
the wire. And finally, whatever mitigation is applied,
needs to be reviewed periodically to ascertain its effec
tiveness.

CONCLUSIONS

There is a great deal of pressure on the electric util
ity industry to solve all of its problems with collisions,
electrocutions and other bird interactions. Resource
management agencies, including game and fish de
partments, and environmental organizations are pres
suring utility managers for a quick fix. They, in turn,
just want to make the problem go away. However,
in many cases the need for speed results in solutions
that are poorly thought out, and may result in more
problems than they solve. Marking lines to prevent col
lisions may not be effective or may cause lines to go
down. Eliminating a perch site may create an electrocu
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tion problem that was not there in the first place or just
relocate the problem. Providing nesting platforms may
adversely affect non-target, sensitive species, or not be
used at all. Site specific and species specific solutions
should be adopted.
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Mitigating Collision of Birds
Against Transmission Lines in Wetland
Areas in Colombia, by Marking the Ground Wire
with Bird Flight Diverters (BFD)
Susana De La Zerda and Loreta Rosselli

Collision of birds against the ground wire and conductors of high tension lines can be a serious
problem in some habitats and for some bird species. Data on collision were gathered in a wetland
locality crossed by a 2 circuit 500 kV line in northern Colombia. After 2 years of study mitigation
devices (yellow plastic spirals) were installed on one circuit and observations were carried on
after the installation in order to evaluate the effectiveness of the spirals. The bird flight diverters
proved to reduce mortality of birds as shown by fewer birds reacting close to the line, fewer birds
flying at the height of the conductors and lower collision rates with the marked line.
Keywords: High tension lines, ground wire marking, bird flight diverters, collision rates,
neotropics

INTRODUCTION

Birds can be affected by electric transmission lines
mainly in two ways: Collision with the ground wire
and conductors and fragmentation of their habitats (es
pecially forest) when ROWS are opened up (Rosselli
and De La Zerda, 1996). In two field studies contracted
by Interconexion Electrica S.A., the first carried on in
Colombia (De La Zerda and Rosselli, 1997; Rosselli and
De La Zerda, 1999), we found that collision was high
mainly in a wetland study area located in the north
part of the country. We found high collision rates for
species like the Purple Gallinule (Porphynda martinica),
Blue-winged Teal {Anas discors), Whistling Ducks {Dendrocygna spp.) and the Black-crowned Night-Heron
{Nycticorax nycticorax) among others. According to
Palacios (1998) the populations of these species might
be affected by the loss of individuals against the lines.
Based on the studies mentioned (De La Zerda and
Rosselli, 1997; Rosselli and De La Zerda, 1999) the ob
jective of this phase of the study was to evaluate the
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efficiency of marking the ground wire with bird flight
diverters (BFD) to mitigate the collision of birds in the
area.
Most of the research on this topic has focused on
the mortality, the species affected and the environmen
tal and technical factors that can affect these. Some
papers report results of mitigation studies (Alonso
and Alonso, 1999; Alonso et al., 1994; Archibald, 1987;
Beaulaurier, 1981; Brown, 1993; Brown and Drewien,
1995; Brown et al., 1987; Heijins, 1980; Janss and Ferrer,
1998; Koops and de Jong, 1982; Morkill and Anderson,
1991a,b, 1993; Raevel and Tombal, 1991; Savereno et
al., 1996). The most studied and effective method reg
istered in the literature is plastic spirals installed on the
ground wire. Therefore, this type of mitigation device
was chosen for this study.

STUDY AREA

The study site is located near the Caribbean coast of
Colombia at 7m above sea level. This is an important
wetland area that hosts large numbers of birds vulner
able to collision like herons, ducks, ibises, rails, etc.
(Rosselli and De La Zerda, 1996). The area is also lo
cated on the main migratory routes for aquatic birds
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like the Blue-Winged Teal (Anas discors), the most com
mon migratory duck in Colombia (Hilty and Brown,
1986). Observations were made on the 888-889 and
889-890 spans of the 2nd Circuit (I.S.A. 500 kV Line
Chimi-Sabanalarga) and 1019-1020, and 1020-1021
spans of the 1st Circuit that runs parallel to the 2nd
(Fig. 1). These spans cross a wide area of wetlands
mainly between the Cienagas del Jobo and Pivijay,
Palotal and Palotalito, as well as the Canal del Dique
with its old sloughs and branches (Fig. 1). This sit
uation of the 2 parallel circuits between two large
bodies of water provides an excellent opportunity to
study collisions because many accidents occur against
the lines (De La Zerda and Rosselli, 1997 and pa
pers cited therein). The lines usually interfere with the
movements of the birds betw een feeding and roosting
sites. In the area, there is a dry season from December
through March and a rainy season between May and
October, with a less rainy period from June through
August. The mean annual precipitation is 962.4 mm
and mean annual temperature is 28.4°C.

METHODOLOGY FOR COLLISION STUDIES

Sampling was carried on following the methodology
used by De La Zerda and Rosselli (1997), based on
work done by Meyer (1978), James and Haak (1979)
and Beaulaurier (1981). The studies concentrate in 3
main aspects.

Observation o f diurnal and nocturnal flights across the
lines
Flights of the birds across the lines were recorded by 2
observers. Each span was sampled for 5-6 continuous
hours, obtaining 2 complete days for each (05:3018:30). Data on species, flock size, reactions to the
line, height of flight were recorded. For the nocturnal
flights, a Moonlight® Night Vision COMPACT^'' Scope
NV-lOO with illuminator was used. These observations
were carried out during 2 nights (one for each circuit).
Observations were done a few minutes during each
hour of the night and only on a small portion of the
span.
Search for corpses
Since it is almost impossible to see and count the colli
sions by direct observations (Anderson, 1978; Beaulau
rier, 1981; Bevanger, 1995; Dedon et al., 1989; James and
Haak, 1979; McNeil et al., 1985; Meyer, 1978, Rusz et
al., 1986), searches of bodies under the line must be
carried out. Two people searched up to 50m from the
center of the line to each side, looking for and identify
ing corpses of birds that presumably collided with the
lines.
Bias studies
The search for bodies can be biased by several factors
that have to be taken into account when calculating the
collision rates:
Search bias: Each searcher looked for bodies of quail
planted by someone else on the field. An error for
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each searcher can be calculated as the percentage of
birds not found.
Removal bias: 20 quail bodies were planted on the
study area and their fate followed daily. The bias
was calculated as the number of birds that disap
peared in the first 24 hours.
Habitat bias: Proportion of the area where the search
for bodies is not possible.
Crippling bias: Calculates the number of birds that
collide against the line but do not fall inside the
study area. It is calculated by direct observation of
the collisions.
Calculations

The total number of collisions is calculated adding the
results of the bias studies to the total of fresh bodies
found as follows (Meyer, 1978; James and Haak, 1979;
Beaulaurier, 1981):
Search bias
TDBF
SB = -----------TDBF
PBF
SB is a search bias, TDBF is a total fresh dead birds
and feafher spofs found, PBF is a proportion of planted
birds found during the plant/found recovery study.
Removal bias
RB _ TDBF -f- SB
PNR

(TDBF -HSB)

RB is a removal bias, PNR is a proportion of planted
birds not removed by scavengers.
Habitat bias

Crippling bias
CB =

Methodology for the study of the BFD effectiveness

To study the effectiveness of fhe mitigation devices,
2 kinds of methodology can be used:
1. compare mortality or collision rates before and after
installation of the mitigation devices in one study
site (Janss and Ferrer, 1998; Koops and De Jong,
1982; Beaulaurier, 1981);
2. carry on simultaneous sampling periods where
marked spans or portions of the line are compared
to nonmarked ones (Brown and Drewien, 1995; Savereno et al., 1996; Morkill and Anderson, 1991).
Since we had previous studies on the line, we used the
first method, comparing before and after installation
of the BFD. We also left one circuit unmarked to be
able to compare the marked and immarked circuits.
With this methodology we were able to compare all the
premarking samples with all the postmarking samples,
pairs of data sets taken at the same time of the year but
in different years (one by one). Since we carried out
sampling immediately before and immediately after
marking, we could compare these two sets of data. We
also were able to make all these comparisons between
the marked (M +) and non marked (NM) circuits.
BFD installation

The BFD installed were yellow polypropylene spirals
of 25 cm diamefer and 80 cm length approximately.
They were installed every 10 m on each ground wire
of the 888-889 and 889-890 spans of the 2nd circuit,
in an alternate fashion on each ground wire so that
the general view is as if they were located at 5 m
distances and therefore are more easily seen by the
birds (Fig. 2).

TDBF -h SB + RB

- (TDBF + SB + RB)
PS
HB is a habitat bias, PS is a proportion of the area that
is searchable.
HB =
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TDBF -F SB + RB + HB
PBK
- (TDBF SB -F RB HB)

CB is a crippling bias, PBK is a the proportion of
observed collisions falling within the search area.
Estimate of total collisions:
(ETC) = TDBF -t- SB + RB -h HB

CB.

Collision rate estimate

RESULTS
Flights

The mean number of daily flights across the line varied
widely through the study with extreme values 87.5 and
837.2. There was no significant difference between cir
cuits in these numbers (mean number of flights: NM
before: 324.27, NM after: 650.61, M4- before: 254.13,
M-l- after: 551.67; Wilcoxon Test, p = 0.5286). The group
that flew more across the line was the Heron fam
ily (Ardeidae) and the most abundant species was the
Cattle Egret {Bubulcus ibis) with more than 90% of
the total number flights across the line. Other abun
dant families were Cormorants (Phalacrocoracidae),

(CRE) = (ETC/TE) =i=100
TF is a total number of flights in 24 h (calculated as
the mean of the 2 day observations for each span plus
night observations). More details on methodology and
calculations are found in De La Zerda and Rosselli
(1997,2000) and Rosselli and De La Zerda (1999).

-xf#Fig. 2. Alternate installation of BFD in the ground wire (seen from
above) of the 500 kV Line Chinii-Sabanalarga, Colombia.
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less than 10 m from the line in M + and NM before and after the BFD
were installed (it = 4 sampling periods before marking for NM and
M +, ti = 3 sampling periods affer marking in NM and M +). Santa
Lucia, Atlantico, Colombia.

Fig. 4. Mean ± s.d. of the percentage of reaefions af more than 10 m
from the line and at heights of flight 3 and 4 before and after marking
the line (n = 4 sampling periods before marking for NM and M +,
It = 3 sampling periods after marking in NM and M +). Santa Lucia,
Atlantico, Colombia.

Ibises (Threskiornithidae), Ducks (Anatidae), Ameri
can Vultures (Cathartidae), Doves (Columbidae), Par
rots (Psittacidae), and Swallows (Hirundinidae). Other
common species were the Olivaceus Cormorant (PhaIncwcornx olivaceus), Great Egret (Casmerodius albus),
Snowy Egret {Egretta thula), Little Blue Heron (Egretta
caerulea), Whispering Ibis {Pbiinosus infuscatus), White
faced, and Black-bellied Whistling Ducks (Dendrocifgna vidiiata, D. autumnalis), Blue-winged Teal, Jacanas {facana jacana), Pale-vented Pigeon {Columba
cayennensis), Brown-throated Parakeet (Aratinga pertinax), and Shiny Cowbirds {Molothrus bonariensis).
Lists of species present in the area and species
flying across fhe line are available upon request to the
authors.

Height of flight

Reactions

After marking the line, all sampling periods consid
ered, there was a decrease in the mean number of birds
reacting closer to the line (10 m) but the difference
was nof significant for either circuit (Mann-Whitney,
p = 0.40 for NM and M-F) (Pig. 3). This might indi
cate that the birds are detecting the line at a greater
distance and can react on time. Analyzing the pro
portion of reactions of flights at heights III (between
conductors and the ground wire) and IV (up to 50 m
above the ground wire; these two are the most dan
gerous heights) and farther than 10 m from the line,
before and after marking M-|- we found that for NM
the percentage was almost the same while for M-t- if
increased after marking the line (Pig. 4) even though
the tendency is not significant (Mann-Whitney, p = 0.4
for NM and 0.22 for M-F). Comparing the samples just
before and just after marking we found that in M-F
the rate of reaefion doubled after marking (6.5-13.0%)
while in NM it decreased (14.7-13.2%). In M-F the pro
portion of reactions farther than 10 m from the line
increased from 65 to 95% (x^ = 460.2, p < 0.001,1 d.f.)
while in NM this proportion increased from slighfly
less than 50% before marking to just over 50% after
marking (/^ = 46.6, p < 0.001,1 d.f.) (Pig. 5).

The percentage of flights at the most dangerous height
(III: between conductors and the ground wire) de
creased in both circuits, but significantly in M-F
(Mann-Whitney, p = 0.0238 for M-F and p = 0.5714 for
NM) after marking the line (Pig. 6). This may indicate
that the birds were detecting the line sooner and then
changing the height of flighf to a less dangerous one.
The decrease in NM may be due to the fact that since
the two circuits run parallel and very close one to the
other, it can happen that a bird changes its altitude to
cross M-f and stays at that height when crossing NM.
Corpses

During the study we gathered a total of 812 bird
corpses belonging to 47 species under the lines. The
number of corpses per sampling period varied be
tween 24 in June 1998 and 138 in March 2000. The
most common victims were members of the Heron
(Ardeidae), Duck (Anatidae) and Rail (Rallidae) fami
lies with similar proportions (29,25,21% , respectively)
these families included 75% of the corpses. The most
commonly killed species were the Purple Gallinule,
Black-crowned Night-Heron and Blue-winged Teal.
A list of the victims is available upon request to the
authors.
Before marking the line there was no significant
difference in the mean number of corpses/ha between
M-F and NM (10.3 vs. 6.2 corpses in M-F and NM,
respectively; /q = 112 — 5, U = 9, p = 0.274) while after
marking the difference was significant (5.3 corpses in
M-F vs. 13.6 in NM; ni = U2 — 3, U — 0, p = 0.05)
(Fig. 7).
Collision rates

Collision rates varied between 0.14% in January 2000
in M-f and 7.32% in January 1997 also in M + (Table 1).
In general the lowest rates of collision were registered
after marking and the highest before the marking of
M-f but values before marking were highly variable in
both circuits. The high variability found in these results
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the conductors and the ground wire in each sampling period before
and after marking the line (n = 5 sampling periods before marking
in NM, n = 6 sampling periods before marking in M + , n = 3
sampling periods after marking in NM and M +). Santa Lucia,
Atlantico, Colombia.

reflects changes in the factors taken into account in
the calculations of the rates (# fresh corpses, # flights
across the line, % searchable area, etc.); for example in
January 2000 the combination of a very high number of
flights with few fresh corpses gave low collision rates
in both circuits.
1. Comparing immediately before and immediately
after marking the line (November-December 1999).^
2. Comparing sampling periods one by one, to elim
inate other sources of variation by involving more
or less same type of birds, reproduction times and
same weather conditions:
- January 1997 vs. January 2000: The collision rate
decreased dramatically after marking M-t- (Ta
ble 1).
- Even though the sampling periods were not car
ried on at exactly the same month, November
1997 and November 1999 can be compared to De
cember 1999 and once again there is a decrease in
1 The collision rate right after marking the line decreased by half
in M + while in NM it decreased very slightly (Table 1).

Fig, 7, Corpses per hectare found under the line in each sampling
period. Santa Lucia, Atlantico, Colombia.

the collision rates in M-b (60 and 50%), while in
NM it increased as compared to November 1997
(29%) and had a small decrease as compared to
November 1999 (10%) (Table 1).
- For March 2000 rates for both circuits showed
a small increase as compared to March 1998
(Table 1).
Mean collision rates. The mean of collision rates
decreased in both circuits after marking the line
and although it is not significant in either of fhem
(Marm-Whitney, p — 0.167 for M-F, p = 0.57 for
NM), the difference is larger in M-|- (Fig. 8).
For the calculations of the collision rates we used
a 0.35% crippling bias obtained from 24 collisions
observed during the different phases of this study.

CONCLUSIONS

The BFD installed in the 2nd circuit of the 500 kV
line Chimi-Sabanalarga had a positive effect for the
birds as shown by some of the results. It is evident
that birds detected the line at a greater distance after
the installation of the BFD. This is shown by the
higher proportion of reactions farther from the line, the
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Table 1. Collision rates for the 1st (1019-1020-1021, not marked NM) and 2nd (888-889-890, marked, M +) circuits in all sampling periods in
Santa Lucia, Atlantico, Colombia
BFD

M-lNM

Jan97

Nov97

Mar98

Jun98

Oct99

Nov99

Dec99

JanOO

MarOO

7.32%
No data

0.82%
0.48%

0.47%
0.27%

0.18%
0.29%

1.16%
4.28%

0.70%
0.74%

0.34%
0.67%

0.14%
0.16%

0.487o
0.30%

5T
4

£ y
■Mean + s.d.
■M can

BFD by comparing data from before and after instal
lation, and between marked and non marked circuits,
and to identify the most vulnerable species in the area;
these species are in general conspicuous and can be
used as bio-indicators of highly dangerous places.

•Mean - s.d.

RECOMMENDATIONS

NM before

NM after

M ^ before

M - after

Fig. 8. Mean ± s.d. of collision rates registered before and after
marking the line {n = 5 sampling periods before marking for NM,
11 = 6 sampling periods before marking for M-b, n = v'^ sampling
periods after marking in both NM and M-b). Santa Lucia, Atlantico,
Colombia.

decrease in the number of flights at the most dangerous
height and the increase in the rate of reactions in the
marked circuit M + right after the installation of the
BFD. The number of corpses per hectare decreased
significantly in M + while it increased in NM; the
collision rate decreased by half in M + immediately
after installing the BFD while in NM the decrease
was very slight. In 2 out of 3 cases when comparing
samples of the same time of the year before and
after marking the line (one by one), the collision rate
decreased strongly in M + but not in NM.
After almost 4 years of study, a valuable contribu
tion of the study is the development and adaptation
of a methodology. There are some differences between
studies carried on in the temperate zone and ours, such
as the smaller number of flights, the greater number
of corpses and therefore higher collision rates and the
very high rate of removal of corpses under the line in
the our study area. It was not previously suspected that
a high proportion of the colliding birds are crepuscular
or nocturnal. In the temperate zone seasonal variations
are expected but it was a surprise to find such a high
degree of seasonality in Colombia, and this empha
sizes the need for long term studies even in "stable"
environments. This study had other important aspects.
It provided information for a region which previously
had none; it was long enough so that different times of
the year and different seasons of the bird life were covereci, it covered all the different aspects (day and night
flight counts, search of bodies and bias studies) recom
mended for studies of this type by Bevanger (1999).
Also we were able to evaluate the effectiveness of the

- When planning the lines, avoid vulnerable places
with high concentrations of birds (wetlands, roosting-resting and feeding areas) (APLIC, 1994).
- Before installation of the lines, conduct studies to
locate critical areas, type and number, movements
and height of flight of the birds present.
- Identify the presence and abundance of bio-indicator
species, vulnerable to collision according to the re
sults of this study and the vulnerability list (Rosselli
and De La Zerda, 1999).
- Given the potential of collision to have a major
impact on some local bird populations, we think
BFD's should be installed in every portion of every
line located in critical areas. Prior to the installation,
evaluation observations along long spans (since the
flight routes are highly variable) of the line should
be carried out. It is important to keep monitoring the
collision rates in all cases.
- Even though the BFD used in this study were
effective, the research that has been carried on in this
field is very limited and therefore it is important to
continue to evaluate other ways of marking the lines
that may be more effective or less expensive.
- Wetlands have been identified as one of the most
critical habitats for collision of birds but they are
not the only one. It is important to keep studying
the problem in other habitats (mountain ridges, local
and latitudinal migratory routes and in general areas
with high concentrations of birds) (APLIC, 1994).
- If the problem remains, mainly in areas were species
of concern are present (endemic, endangered, etc.)
there is a need to compensate by restoring or con
serving nearby areas with similar habitat, ensuring
that the losses of the populations maybe replaced.
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Relationships Between Wing Morphology
and Behavioral Responses to Unmarked
Power Transmission Lines
Michael R. Crowder and Olin E. Rhodes, Jr.

Ground wires associated with high voltage power transmission lines have been idenhfied as
a source of mortality for numerous avian species. This research was conducted at the Cinergy-PSl
Gibson County Power Generating Station in Gibson County, IN, USA. This site is characterized
by a high density of power transmission lines with a 1214-ha cooling lake and numerous small
wetlands in close proximity. Large numbers of waterfowl and other wetland-associated avian
species utilize this area in the fall and winter. Bird flight observations were conducted along
with corresponding ground searches to determine the species specific reactions of birds to the
power lines. The birds most likely to react to power lines were those that approached the lines
at a height between the conductor and ground wires. No relationship between flock size and the
proportion of birds reacting to the lines was found; however, a significant difference was found in
the reaction distances between flocks >10 birds and single birds. Species were grouped into four
categories according to wing morphology, and it was determined that species at the greatest risk
for collisions were those that showed high wing loading and low wing aspect ratio.
Keywords: Birds, collisions, ground wires, observahons, power lines

INTRODUCTION

Avian mortality associated with power line strikes has
been well documented with numerous studies on the
effects of power line related mortality on avian species
(Willard et al., 1977; Anderson, 1978; Meyer, 1978;
James and Haak, 1979; Faanes, 1987; Bevanger, 1995).
In addition, numerous power line ground wire mark
ing studies have been conducted to test the effective
ness of marking devices in reducing avian collisions
(Alonso et al., 1994; Brown and Drewien, 1995; Savereno et al., 1996; Janss and Ferrer, 1998). Utility com
panies are concerned about this issue for two major
reasons: (1) collisions kill thousands of birds each year
that are protected by the Migratory Bird Treaty Act and
related treaties, and (2) reliability of service to their
customers can be compromised by bird strikes.

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t: S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

Due to a more competitive deregulated market sys
tem, power utilities companies are anxious to allevi
ate problems that could create poor public relations or
compromise service to their customers. Utilities that do
not correct collision hazards promptly could at worst
face large fines and/or imprisonment of company em
ployees, or at least face bad publicity in the local me
dia. For example, the Moon Lake Electric Association
was required to pay $100,000 in penalties, to retrofit
poles to make them bird friendly, and to serve 3 years
probation for the electrocution of 170 raptors, mostly
Golden Eagles (Aquila chrysaetos) Williams, 2000). Re
search on bird reactions to power lines could help de
sign future power grids that reduce collision probabil
ities; this will better serve the customer by a reduced
risk of interruptions, and better serve the company
through lower risks of negative publicity.
Previous research has shown that characteristics
such as normal flight altitude and flock size can influ
ence the frequency of power line strikes by birds. The
size of a bird and its wing shape and morphology also
can play an important role in determining the suscep
tibility of avian species to power line strikes. Rayner
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(1988) points out that birds in Quadrant IV (Fig. 1)
have few favorable aspects of flight performance and
have probably never faced serious pressure to improve
sustained flight performance. Many of these species
are ground dwelling birds that use flight only for rapid
escape.
Our objectives in this research were to: (1) doc
ument collision mortality through direct observation
and ground searches, (2) describe the relationship be
tween wing morphology (after Bevanger 1998) and col
lision mortality, and (3) determine whether the fre
quency at which birds reacted to power lines or the
distances at which they reacted are influenced by flock
size or wing morphology.

{1 9 .0 }

METHODS

Low Aspect
(Broad Wings)
Increased Collision
Susceptability

Fig. 1. Groups of birds that interacted with power lines on our study
site arranged according to wing morphology expressed in principal
component form where statistically independent measures of size
and wing proportions are derived (modified from Bevanger 1998,
after Rayner 1988).

(1988) used principal component analysis (PCA) ap
plied to wing morphology to derive statistically in
dependent measures of wing size and wing propor
tions. Variables based on wing loading (i.e., ratio of
body weight to wing area), wing aspect ratio (i.e., ra
tio of wing span^ to wing area), and body weights
of avian species were used in PCA. A scatterplot was
then constructed of the size independent components
of wing aspect and wing loading for a large number of
avian species (Fig. 1, after Bevanger, 1998 from Rayner,
1988).
Using the information generated by Rayner (1988),
Bevanger (1994, 1998) compared known "collision
species" from 16 previous studies on avian power line
collisions (Scott et al., 1972; McKenna and Allard, 1976;
Anderson, 1978; Meyer, 1978; Gylstorff, 1979; Chris
tensen, 1980; Grosse, et al., 1980; Heijnis, 1980; Willdan,
Associates, 1982; Longridge, 1986; Rusz et al., 1986; Be
vanger, 1988; Thingstad, 1989; Hartman et al., 1992; Be
vanger, 1993; Bevanger and Sandaker, 1993) to species
categorized as having high wing loading and found an
interesting relationship. In general, as the wing load
ing of a bird increases, so does its susceptibility to col
lisions with power lines. Alternatively, as a bird's wing
aspect ratio decreases, so does its susceptibility to col
lisions.
In theory, birds that are most susceptible to wire
strikes are those with high wing loading (e.g., small
wings for its body size) and low wing aspect ratio (e.g.,
broad wings; Fig. 1, Quadrant IV). This group includes
Rayner's (1988) "poor" fliers, which contains many
birds in the orders of Galliformes (e.g., grouse and
quail) and Gruiformes (e.g., rails and cranes). Rayner

Study area

This research was conducted on unmarked power
transmission lines during the fall and early winter
of 1999-2000. The study site was the Cinergy-PSl
Gibson County Power Generating Station which sits
on the edge of the Wabash River in southwest Indiana.
This area attracts numerous avian species because
of its close proximity to the river and the 1214-ha
Gibson Lake and associated wetlands. Gibson Lake
is a manmade, elevated lake that is the source of the
cooling water for the Gibson plant site. The lake stays
warm and open all year. Large numbers of waterfowl
and other wetland-related species are attracted to this
area in the fall and winter during migration south,
especially at times when other lakes and wetlands
in the area are frozen. At one point in the study,
27 January 2000, nearly 41,000 birds were counted
on the lake and associated wetlands, with the vast
majority of the birds being waterfowl (Anseriformes)
species. This area serves as a good model for study
of bird reactions to power lines, not only because of
the large numbers of birds present, but also due to the
presence of several transmission lines situated over the
wetland complex. Three specific locations were used
for behavioral observations and dead bird searches
near the power plant, these lines were named the
Gibson Line, the High Line, and the Flooded Timber
Line.
Field observations

To examine the relationship between wing morphol
ogy and behavioral responses to unmarked power
lines, observational data were collected a minimum of
once per week from 27 September 1999 to 13 Decem
ber 1999. Behavior response data included the phys
ical reactions (if any) of birds to the power lines (for
categories see Appendix 1) and the relative distances
at which birds reacted to the power lines. As sug
gested by the Avian Power Line Interaction Commit
tee (APLIC 1994), additional data collected for each
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power line over-flight included flock size, species,
flight direction, and altitude during approach, cross
ing, and departure from the lines. Data also were
collected on human activity at the study site along
with wind speed, wind direction, temperature, light
intensity, cloud cover, precipitation, visibility, and line
corona noise (in 0.5 h intervals; Appendix 1).
Bird flight observational periods lasted a minimum
of 2.5 h. Observational data were collected with the aid
of 7 X 50 light gathering binoculars from the cover of
a ground blind strategically placed to have clear sight
of all lines being recorded. When observing lines that
had no ground blind in place, researchers observed
from existing ground cover so as not to disturb pass
ing birds. Power line spans were chosen for observa
tion on the basis of location (transmission lines ran
over water commonly used by waterfowl and other
wetland related species) and degree of bird activity
in the area. The specific line selected for flight obser
vation was chosen daily so as to achieve the greatest
flight intensities in the allotted time period. Because of
difficulties in identification of many Passerines, they
were grouped into 1 category with the exception of the
American Crow (Corvus brachyrhynchos).
Dead bird searches

Following each behavioral observation period from 27
September 1999 to 13 December 1999, two of the three
focal transmission lines were searched for dead birds
or feather piles regardless of the focal line observed
that day. Ground searches were also conducted from
22 December 1999 to 1 April 2000, but were not in
cluded in over-flight/kill data. The Flooded Timber
Line was not searched for dead birds due to underly
ing water. Areas under lines that were not submerged
were searched in a slow zigzag fashion so as to maxi
mize coverage of the search zones. Search zones were
minimally the width of the right-of-way, but if water
conditions permitted, as during the fall and winter of
1999-2000, most areas were searched up to 50 m be
yond the outer edge of the lines. All birds and feather
piles found were removed or clearly marked to avoid
duplicate counting. Unknown birds were marked and
bagged for later identification. It was assumed that all
crippled or dead birds and feather piles found under
the lines were collision mortalities. There was no hunt
ing allowed in this area and admittance was restricted
to researchers and plant persormel.
Using the results of PCA based on wing morphol
ogy (Rayner 1988), we classified birds into four quad
rants, based on size adjusted variables representing
wing loading and wing aspect (Fig. 1). Using data
from power line observations and ground searches,
we calculated the number of over-flights/kill for each
species and compared these data among quadrants.
This was accomplished by dividing the total number
of over-flights in each quadrant by the number of dead
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birds found in each quadrant after the initial dead bird
searches were conducted.
No statistical analyses were performed to compare
numbers of over-flights/kill among quadrants. This
decision was made on the basis that two potential bi
ases might exist in the dead bird search data set. First,
the dead bird searches may be biased if searches re
sulted in the detection of a higher percentage of larger
birds than of smaller birds. Larger birds are easier to
find and collect than smaller ones, and previous re
moval bias studies indicate that smaller birds are often
removed faster by predators than larger ones (Raevel
and Tombal, 1991; Brown and Drewien, 1995). Thus,
weekly dead bird searches might incorrectly lead to
the conclusion that larger bird species strike the power
lines relatively more frequently than actually is the
case. Our second potential bias in the calculation of
numbers of over-flights/kill is related to the fact that
the over-flight data and the dead bird searches are not
precisely matched. The fact that the Flooded Timber
Line could be observed but not searched as well as
the fact that only one line could be observed at a time,
means that the observational data may not always re
flect the intensity of over-flights that produced the ob
served mortalities.
Behavioral responses

Only data from non-Passerine species approaching the
power lines at 10m above the ground wires or below
were included in analyses of behavioral responses.
Variables were defined for analysis in the following
maimer. We defined the distance at which birds reacted
to the lines (if a reaction was recorded) in a continuous
manner [i.e., reaction distance: (1) 0-5 m, (2) 6-10 m,
(3) 11-25 m, (4) 26-45 m, and (5) >45 m]. We defined
all recorded bird reactions to the lines in a bivariate
manner such that the birds were classified as either
having reacted to the line (i.e., collision, near collision,
flare, altitude change, abort, direction change, flutter,
or landed) or no reaction was recorded (Reaction;
Yes or No). We recorded flock sizes of birds that
reacted to the lines as a discrete variable [i.e., flock
size: (1) 1 bird, (2) 2-5 birds, (3) 6-10 birds, and
(4) >10 birds]. We classified birds into 4 groups, with
differing expected susceptibilities to power line strikes,
based on a plot of principle component scores for
wing aspect and loading (Quadrant: I, II, III, or IV,
after Rayner 1988, Fig. 1). We defined the altitude at
which birds approached the power lines as a discrete
variable with three classes [Approach: (1) ground to
conductor height, (2) conductor to ground wire, and
(3) <10 meters above ground wires].
Data analyses were performed using subroutines in
the Statistical Analysis System (SAS; 1989) and all sta
tistical tests were considered significant at a probabil
ity value of 0.05 (unless corrected for multiple compar
isons). We used Contingency Chi Squared statistics to
test the hypothesis that birds approaching the power
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lines at different altitudes (Approach) did not differ
in the frequency with which they reacted (Reaction) to
the line. We also used Contingency Chi Squared statis
tics to test the hypotheses that the frequency at which
birds reacted to the lines was independent of Flock Size
and Quadrant. We used general linear models to test
the hypotheses that the mean distances (Reaction Dis
tance) at which birds reacted to the power line did not
differ in regard to either Flock Size or Quadrant. If the
main effect of Flock Size or Quadrant was found to ac
count for a significant proportion of the total variance,
a means separation test corrected for multiple compar
isons using the Dunn-Sidak correction was used to test
for differences among mean values of Reaction Dis
tance.

RESULTS
Collisions

During the course of this investigation, we observed
and recorded a minimum of 33 species of birds in
teracting with three transmission lines on the Gibson
County Power Generating Station study site with a to
tal of 36,327 over-flights including Passerine species,
and a total of 7993 over-flights of non-Passerine spe
cies. During a total of 47.5 hours of observation, there
were three instances in which bird collisions with con
ductors or overhead ground wires were observed.
A total of five collisions were observed during bird
flight observations in three separate instances. These
collisions involved four Mallards {Anas plati/rJiynclios)
and one Double-crested Cormorant {Phalacrocorax auritus). The first instance involved a single Doublecrested Cormorant flying north at an altitude between
the conductor and ground wires of the Gibson Line at
0755 h on 9 September 1999. The bird reacted to the line
less that 5 m from the edge of the conductors, flared
away from the lines, and struck the ground wire in the
process. It fell down to the water and swam over to a
nearby group of three other cormorants. The bird was
observed for over 30 min before it flew away, exhibit
ing no ill effects from the collision. The wind was calm
at the time of the collision (10.1 km/h) with good visi
bility.
On 10 November 1999, at approximately 1730 h,
a flock of three Mallards were flying north at an
altitude between the conductor and ground wires
when 1 hen struck the ground wire of the Gibson Line
and flew off apparently unharmed. The light intensity
was low (23 lux) with a wind speed of 7.5 km/h.
Finally, on 13 December 1999, at 0930 h, a group of
approximately 400 Mallards were feeding in the water
under the Flooded Timber Line when a truck moving
up the levee of Gibson Lake, which is adjacent to this
area, flushed the birds. In the confusion, two birds
struck the ground wires and one struck the conductor
itself. All three birds flew off, apparently unharmed.

Dead bird searches

A total of 48 crippled birds, dead birds, or feather piles,
representing 14 species, were found under the power
lines during ground searches. Of these, 20 birds were
found and identified on the initial power line searches
and 13 birds were found after bird flight observations
were stopped, leaving only 15 birds that were included
in the calculation of over-flights/kill (Table 1). Over
flights /kill ranged from 423 /O in Quadrant II to 59.1 /1
in Quadrant III (Fig. 1).
Behavioral responses

Our analysis indicated that the proportions of birds
that reacted to the power lines were not independent of
the altitude at which they approached the power line
(x^ = 253, 2 df, P < 0.001, N = 725). Birds approach
ing the power lines at an altitude between the conduc
tor and ground wires were much more likely to react
(66.5% reacting) than were birds below the conductor
height (13.5% reacting) or <10 m above the ground
wires (4% reacting. Table 2). In addition, our analy
sis indicated that the proportions of birds reacting to
the power lines were not independent of the structural
wing morphology (Quadrant) of the bird species rep
resented on our study area (x^ = 14, 3 df, P < 0.002,
N = 734). Birds with high wing loading (Quadrants
I and IV; 25.5% and 28% reacting, respectively) were
about twice as likely to react to the power lines as birds
with low wing loading (Quadrants II and III; 15% and
14% reacting, respectively; Table 2) regardless of wing
aspect. We detected no relationship between flock size
and the proportions of birds reacting to the power lines
(X^ = 0.47,3 df, P < 0.93, N = 731; Table 2).
Our analysis of the relationship between reaction
distance and flock size indicated that there were sig
nificant differences in mean reaction distances of birds
traveling in different sized groups (P 2.7, 3 df, P =
0.048, N = 146). Further analysis of differences among
mean values indicated that birds traveling in groups of
>10 individuals reacted to the power lines at a greater
distance {x = 3.08; ~11.2 m away from outer ground
wire) than did birds traveling alone (x = 2.24; ~6.96 m
away from outer ground wire; Table 3). Our analy
sis of the relationship between reaction distance and
structural wing morphology (Quadrant) indicated that
there were significant differences in mean reaction dis
tances of birds with differing wing loading and aspect
characteristics (P = 4.84, 3 df, P = 0.0031, N = 147).
Further analysis of differences among mean values in
dicated that birds with the highest aspect and highest
wing loading factors (Quadrant I) reacted to the power
lines at a greater distance (x = 2.59; ~8.36 m away from
outer ground wire) than did birds with the lowest as
pect and highest wing loading factors (Quadrant IV;
X = 1.71, ~3.55 m away from ground wire; Table 3).
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Table 1. Totals for dead bird searches and over-flight data for the Gibson County Power Generation Station study site for 1999-2000
Species

American Bittern
American Black Duck
American Coot
American Crow
American Wigeon
American Woodcock
Black-crowned Night-Heron
Blue-winged Teal
Canada Goose
Common Goldeneye
Common Snipe
Double-crested Cormorant
Gadwall
Great Blue Heron
Great Egret
Green-winged Teal
Hooded Merganser
KiUdeer
Lesser Scaup
Mallard
Mourning Dove
Northern Harrier
Northern Pintail
Northern Shoveler
Red-winged Blackbird
Ring-billed Gull
Rock Dove
Sandhill Crane
Snow Goose
Wood Duck
YeUow-billed Cuckoo
Raptorial spp.
Shorebird spp.
Unknown

Scientific
name

Total number
of birds found

Number of dead
birds included^

3
3

2
1

B o th a u r u s le n tig in o s u s
A n a s r u b r ip e s
F u lk a a m e r k a m

Number of
over flights*’
7
15

3

1

4
3

C orvu s brachyrhyn chos

98

A n a s a m e r ic a n a

12
1
0
12

S c o lo p a x m in o r

1

N y c t ic o r a x n y c t ic o r a x

1

A n a s d is c o r s

G a llin a g o g a llin a g o

1

P h a la c r o c o r a x a u r itu s

4

A n a s s tr e p e r a

2

2

A r d e a h e r o d ia s

7

5

117
3
3
18
107
194

10

1

112

B r a n ta c a n a d e n s is
B u c e p h a la c la n g u la

A r d e a a lb a

19
181
62

A n a s crecca
h o p h o d y t e s c u c u lla t u s
C h a r a d r iu s v o c ife r u s

1

A y th y a a ffin is

6

A n a s p la ty r h y n c h o s

1

Z e n a id a m a c r o u r a

A n a s c ly p e a ta

2
3

1

4

1
3
3

1
1
2
1
1
4

300
3

2
1

1

3

29
309

1
1
2

C r u s c a n a d e n s is

1
2

C o c c y z u s a m e r ic a n u s

1
1
1
1

1

C h e n c a e r u le s c e n s
A ix s p o n s a

3

20

L a r u s d e la w a r e n s is
C o lu m b a liv ia

1
1

1

A n a s a c u ta
A g e la iu s p h o e n ic e u s

5918
357
3
30

1

2
1
1

C ir c u s c y a n e u s

Totals

Quadrant*-

0
2
58

3

2

2
48

15

7993

^Total number of dead birds found minus the birds found on initial searches, and birds found after bird flight observations had stopped.
'^The total number of over-flights did not include Passeriformes species.
“^From Fig. 1.

DISCUSSION

Avian collisions with power lines are relatively rare
events, with the majority of strikes occurring during
low light conditions or inclement weather. Anderson
(1978), in a study of avian interactions with power lines
in central Illinois, estimated that one collision occurred
for every 250,000 over-flights and stated that waterfowl almost never collide with power lines during day
light hours when visibility is good. Our data indicate
that the total rate of collision for non-Passerine species
on the Gibson County Power Generating Plant site in
southern Indiana is much higher than would be pre
dicted from Anderson's work. In fact, our observation
of five collisions with power lines in only 7993 over
flights is among the higher reported collision rates.
However, it should be noted that three of the strikes
we observed were a result of non-researcher human
disturbance.

Bevanger (1998) predicted that the birds that were
most susceptible to collisions with power transmission
lines were "high risk" species with high wing load
ing and low wing aspect characteristics (Quadrant IV),
and that the birds that were least susceptible to col
lisions were those with low wing loading and high
wing aspect characteristics (Quadrant II; Fig. 1). Our
estimates of the number of over-flights/kill for these
quadrants fit this prediction well, although the low
est number of over-flights per kill was actually ob
served in Quadrant III. However, if Mourning Doves
{Zenaida macroura), with strong flying abilities com
pared to other Quadrant IV species, are omitted from
the calculations in Quadrant IV, the average num
ber of over-flights/kill drops to 19.0, by far the low
est observed. Alternatively, there were 423 over-flights
in Quadrant II with no dead birds found, indicating,
as expected, that this quadrant experiences little col
lision mortality. In general, our data on number of
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Table 2. The number and proportion of birds that reacted to
power lines by approach altitude class [(1) below conductor
height; (2) between conductor and ground wires; (3) <10 m above
the ground wires], flock size group, and quadrant Iquadrants
based on wing morphology from Fig. 1)
Altitude class

1
Yes
%
No
%

2

37
13.45
238
86.55

3

101

12

66.45
51
33.55

4.03
286
95.97

Flock size

1
Yes
%
No
%

77
19.74
313
80.26

6-10

>10

49

10

20.68

20.41
39
79.59

13
23.64
42
76.36

11

111

IV

99
15.15
84
84.85

251
14.34
215
85.66

50
28.00
36
72.00

2-5

188
79.32
Quadrant

1
Yes
%
No
%

85
24.45
249
74.55

Table 3. Mean values for bird reaction distance from the power
lines for each flock size group and quadrant (quadrants based on
wing morphology from Fig. 1)
Flock size

1

2-5

6-10

>10

.Y

2.24

SE

0.11

2.25
0.15
48

2.40
0.31

3.08
0.38
13

n

76

10
Quadrant

I
X

2.59

SE

0.11

N

83

II

111

IV

2.07
0.23
15

2.08
0.16
36

1.71
0.27
14

over-flights per kill indicate that as wing aspect de
creases (e.g., become broader) collision mortality in
creases.
Our data on distances at which birds react to power
lines support the general trends observed in the over
flight per kill data, specifically for those birds in Quad
rants representing high wing loading. Of birds that
have high wing loading values (i.e., species found in
Quadrants I and IV) average reaction distances are sig
nificantly smaller for those species showing low wing
aspect (Quadrant IV) as opposed to species showing
high wing aspect (Quadrant I). This finding strength
ens the conclusion that birds with low wing aspect
and high wing loading are "poor" fliers relative to
species with other wing morphologies and may have

a higher probability of experiencing collision mortality
than most other species. Additionally, the data on how
frequently birds with differing wing morphologies re
act to power lines suggests that regardless of wing as
pect, birds with high wing loading values may be al
most twice as likely to react to power lines as those
with low wing loading values.
Flock size has long been recognized as a factor
influencing the probability of avian interactions with
power lines and has been cited as a factor that can lead
to collisions due to reduced visibility of trailing birds
in a flock (Scott et al., 1972; James and Haak, 1979). Our
data show no statistical relationship between flock size
and the proportion of birds that reacted to the power
lines. Thus, the frequency at which single birds reacted
to the power lines was not different from the frequency
of reaction by larger groups of birds. However, for
those birds that did react to the power lines, we found
that the mean distance at which flocks of >10 birds
reacted to the power line (v = 3.08; ~11.2 m away from
outer ground wire), was significantly greater than the
distance at which solitary birds reacted to the lines
(x = 2.24; ~6.96 m away from outer ground wire).
While this finding seems logical, in that the more eyes
there are in a flock scanning for obstacles the faster a
flock could react to power lines or other objects that
are in their way, it does not rule out the possibility
that the trailing birds in large flocks may have a higher
risk of power line collision than would single birds.
Unfortunately, our data are insufficient to test that
particular hypothesis.

CONCLUSION

We recorded a total of 7993 power line over-flights rep
resenting over 33 non-Passerine avian species during
47.5 h of power line observations at the Gibson County
Power Generating Station. Fifteen birds were found
during ground searches under the focal power lines af
ter bird flight observation periods. Five avian collisions
were observed during observational periods involving
four Mallards and one Double-crested Cormorant. The
number of crossings per collision observed during this
study was much lower than those reported by other re
searchers, suggesting that there is a potential problem
with strike mortality at this site.
Birds most likely to react to power lines are those
that approach power lines between the conductor and
ground wires, as opposed to under the conductor or
<10 m above the ground wires. This would indicate
that birds approaching power lines near the height of
the wire are likely to perceive the lines and react to
avoid them. There was no relationship found between
flock size and the proportion of birds reacting to the
lines; however, birds in flocks >10 reacted to power
lines at greater distances that did solitary birds.

Relationships between wing morphology and behavioral responses

Our data suggest that the avian species that are at
the greatest risk for collision mortality are those with
high wing loading and low wing aspect. In addition,
species with high wing loading were nearly twice as
likely to react to power lines than were birds with
lower wing loading characteristics, although species
with high wing loading and high wing aspect react to
the lines at greater distances than do species with high
wing loading and low wing aspect.
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APPENDIX 1 — KEY OF TERMS

Wind Speed = The speed of the wind in the survey
area, given in km/h.
Temperature = Temperature of the survey area at
the start of the survey given in °C.
Cloud Cover = The estimated percent cloud cover
at the start of the survey period.
- Clear = C = Less than 10% cloud cover.
- Scattered = S = Cloud cover from 10-50%.
- Broken = B = Cloud cover from 5-90%.
- Overcast = O = Cloud cover >90%.
Light Intensity = The intensity of the light on the
study area, given in lumens.
Wind Direction = The direction from which the
wind is coming.
- North = N
- South-West = SW
- Etc.
Precipitation = Type of precipitation on the survey
area (if any).
Visibility = Visibility in the area in relation to
distances due to fog or precipitation.
- Class 1 = Visibility > one km.
- Class 2 = Visibility between 1 /2 and one km.
- Class 3 = Visibility between 1/4 and 1/2 km.
- Class 4 = Visibility <1 /4 km.
Line Noise = The amount of corona noise due to the
power lines. Given as:
- Quiet
- Light

409

- Moderate
- Loud
Flight Direction = Flight direction of birds given as:
- North = N
- South = S
- Etc.
Altitude Classes (Approach, Crossing, and Depar
ture) = The height of the birds being surveyed in rela
tion to the power lines. Given as:
- Class 1 = Area between the ground and the conduc
tor.
- Class 2 = Area between the conductor and the
ground wire.
- Class 3 = Area between the ground wire and 10 m
above the ground wire.
- Class 4 = Area between 10 and 50 m above the
ground wire.
- Class 5 = Area above 50 m above the ground wire.
Reaction of Birds to Line = The reaction of birds to
lines as they near them. Given as:
- Collisions = C = Collisions of birds with power lines
and ground wires.
- Near-Collisions = NC = Birds narrowly missing the
power lines and ground wires.
- Flares = F = A severe flight reaction as a bird or flock
nears a power line and ground wires.
- Aborts = A = Birds turning 180° in response to
power lines and ground wires.
- Altitude Change = AC = The change in altitude by a
bird or flock in response to power lines and ground
wires.
- Direction Change = DC = The change in direction
by a bird or flock in response to power lines and
ground wires.
- Flutters = FLT = A flight reaction of birds to the
power lines or ground wires less severe than a flare.
- Landing on Power Lines = L = Birds landing on
power lines or ground wires.
Reaction Zone = The distance in which the bird
reacted to the power line and ground wire. Given as:
- Class 1 = Area between the wires and 5 m away
from the wires.
- Class 2 = Area between 6 and 10 m away from the
wires.
- Class 3 = Area between 10 and 25 m away from the
wires.
- Class 4 = Area between 25 and 45 m away from the
wires.
- Class 5 = Area greater than 45 meters away from the
wires.
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Developing a Species at Risk Conservation Plan:
The Thicksilver Pipeline Experience
Alan J. Kennedy

The development of the recent Canadian Species at Risk Act, as well as Alberta government
initiatives to protect sensitive plant and animal species, has accentuated the need for special
treatment of these species in pipeline developments. Accordingly, the Thicksilver pipeline
implemented a species at risk conservation program within its application for regulatory
approval. During the development of the program it became clear that there are several regulatory
issues regarding species at risk. For example, regulatory requirements lack clarity and are not
transparent to the proponent. Furthermore, there are significant jurisdictional inconsistencies
and overlaps between federal and provincial concerns. The species at risk conservation program
presented here includes the following chronological steps. An information review, including
all pertinent federal and provincial regulations and guidelines. A species screening step which
includes an initial full listing of potential species from literature and unpublished surveys, and
a systematic process to focus on the most likely species at risk involved. Detailed field surveys
that are based on knowledge of the natural history and biology of the species concerned are then
conducted to provide explicit documentation on the particular species at risk. Species assessment,
including a professional opinion on the potential impact of the activity on the livelihood of the
species at risk, is required next. A species at risk mitigation plan is then provided to mitigate the
predicted impacts. Finally, a follow up plan is put into place to ensure that mitigation has been
effective.
Keywords: Endangered species, rare plants, conservation biology

INTRODUCTION

This paper deals with the requirements to manage
species at risk in pipeline planning and construction.
Plants and/or animals are considered at risk when
their continued existence as a viable population is
threatened. Consideration of species at risk is currently
required in Canada by several pieces of legislation in
cluding the Canadian Wildlife Act and Migratory Bird
Act and Regulations, and in Alberta, the Environmen
tal Protection and Enhancement Act and Regulations
and the Wildlife Acf.
Despife these existing regulatory requirements for
protection of species at risk a number of issues have
risen regarding the implementation of a species at risk

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

program. In 1995 the federal government determined
that the existing legislation was not clear enough or
sufficiently robust to adequately protect species at risk.
A draft Act, termed the Endangered Species Act was
introduced for review in 1996. This draft Act resem
bled the United States Endangered Species Act. How
ever, following nearly five years of review this draft
Act was withdrawn and in 2000 a newly proposed Act
entitled the Canadian Species at Risk Act (Environ
ment Canada, 1998; Environment Canada, 1999) was
introduced. This disclosure has presented considerable
confusion to practitioners charged with developing
species at risk programs. In fact, there now seems to
be confusion even if species at risk need to be included
in pipeline approvals. Eor example, a review of three
pipeline proposals (AEC, 1997; Suncor, 1997; Suncor,
1997a) very similar in scope and route to the Thicksilver pipeline, found no species at risk programs had
been contemplated. Additionally, a major international
pipeline did not include a species at risk program until
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Table 1. Canadian species at risk classification system (COSEWIC, 1999)

Category

Description

Extinct
Extirpated
Endangered
Threatened
Vulnerable
Not at risk

Species
Species
Species
Species
Species
Species

no longer exists
no longer exists in the wild in Canada, but may occur elsewhere
facing imminent extirpation or extinction
likely to become endangered if limiting factors are not reversed
of special concern due to characteristics that make it particularly sensitive to human activities
that have been evaluated and found not to be at risk

the issue was raised in public hearings (National En
ergy Board, 1996). Clearly, there is a lack of clarity for
species at risk pipeline regulatory requirements in Al
berta.
An additional confounding issue relates to the pau
city in the regulations and the general literature in
Canada on methods and protocols to develop a species
at risk conservation program. Existing programs seem
to be ad hoc and rely on unpublished guidelines.
A common method to devising species at risk pro
gram would be beneficial to practitioners working on
pipeline development plans. To this end, this paper
intends to fill this gap in pipeline environmental man
agement literature.
The paper is presented in the following manner.
A review of existing regulatory literature on species at
risk is given as a framework. The Thicksilver project
is then described as a background to the requirements
the species at risk program. The details of species at
risk program are then discussed. Finally, I will present
a succinct review of the key components of a species at
risk conservation plan.

REGULATORY REVIEW
Species at risk iegisiation

Plants and/or animals are considered at risk when
their continued existence as a viable population is
threatened. The principal cause for species to become
at risk is the loss of habitat from human activity (En\’ironment Canada, 1994). However over-exploitation,
the use of persistent toxic chemicals, reduction in prey
can also contributed to a decline in some populations.
Species at risk can be well known wildlife species
(e.g., grizzly bear {Ursus arctos}) or lesser known plants
(e.g., western blue flag {Iris rnissoiiriensis]) and an
imals (e.g., dwarf wedge mussel [Alasmidonia lieterodon]) known only to scientists with specific inter
est in those organisms. The Committee on the Status
of Endangered Wildlife in Canada (COSEWIC) has
listed 339 species as being in difficulty across Canada
(COSEWIC, 1999). Forty-six of these species are from
western Canada.
Some Canadian species at risk have a very high
international profile, especially in Europe, and have
been used as a lobby tool by environmental groups
seeking trade sanctions and restrictions. The species

at risk issue has also been gaining increasing promi
nence within Canada as the public is requesting more
action to protect threatened organisms and habitats.
Concerns regarding the adequacy of Canadian legisla
tion have been raised as being piecemeal, jumbled and
cosmetic (Singleton, 1977). One author suggests that
Canadian conservation legislation allows the modern
tragedy of species to continue unabated (Versteeg,
1984).
These concerns have spurned initiatives on species
at risk by the federal government. For example, Cana
da has joined the international convention on biolog
ical diversity and currently plans to enact legislation
to protect vulnerable species. A new Act termed the
Species at Risk Act has been introduced to Parliament
in 2000. The federal government has also stepped up
public consultation on species at risk and has initiated
a federal-provincial accord on the subject.
The federal initiatives for protection of species at
risk centers on the COESEWIC listing activity. The
Committee has developed a risk status for most native
fish, amphibians, reptiles, plants, birds, and mammals
in Canada. The risk categories are defined in Table 1.
The Canadian species at risk strategy uses the COESIWIC listing as its base. Once the list has been
approved by the federal government two key features
of the species at risk strategy come into effect. The
first is automatic prohibitions on destroying threat
ened and endangered species or their habitat. This is
an important step for pipeline developments as the
federal list supercedes all other lists (i.e., provincial
status reports). It is the responsibility of the pipeline
proponent to determine the status of any species at risk
that may be encountered within the pipeline project
plans. The second feature includes recovery planning
that requires the federal government to develop an
approach to include all stakeholder concerns (e.g.,
landowners, ranchers, farmers, industry representa
tives, and environmental groups). The federal govern
ment is evidently hoping that voluntary actions from
these stakeholders will create a stewardship climate
that encourages species at risk protection.
In Alberta, species at risk are managed through
the provincial Wildlife Act and the Status of Alberta
Wildlife initiative. The Wildlife Act lists twelve species
that are protected by penalties of fines or other puni
tive actions. However, the remaining species, which
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Table 2. Alberta species at risk classification system (Alberta Environment, 1996)
Category

Description

Red

Species at risk. Populations have declined to nonviable levels, or show a rate of decrease indicating that they are at
immediate risk of declining to non-viable levels in Alberta. These species may be candidates or may have received
formal designation as Endangered or Threatened species in Alberta
These species may be at risk. This list includes species particularly vulnerable because of non-cyclical declines in
population or habitat, or reductions in provincial distribution
Sensitive species that are currently not at risk. However, these species may require special management to address
concerns related to naturally low populations, limited provincial distributions, or life history features that make
them vulnerable to human-related changes to the environment. The yellow list has been divided into two categories.
Yellow A are species for which concern has been expressed over long term declines in numbers. These species merit
extra attention as they may be in trouble. Yellow B species are species that are naturally rare but are not in decline.
They may have clumped distributions or deteriorating habitat elements
These species are not considered at risk. Their populations are stable and their key habitats are generally secure
Species not known to be at risk but for which insufficient information is available to determine an accurate status

Blue
Yellow

Green
Not Determined

Table 3. Alberta rare plant classification (ANPC, 1997)
Rank^

Classification

G l/ S l
G2/S2
G3/S3
G4/S4

Less than 5 occurrences or only a few remaining individuals
6-20 occurrences or with many individuals in few occurrences
21-100 occurrences may be rare and local through out its range, or in a restricted range
Apparently secure under the present conditions, typically greater than 100 occurrences but may be fewer with many large
populations. May be rare in parts of its range
Demonstrated to be secure under present conditions. Greater than 100 may be rare in parts of its range especially
peripherally
Status uncertain due to lack of information
Historically known, may be relocated in the future

G5/S5
GU/SU
GH/SH

^G = global, S = Alberta.

is the majority of wildlife in Alberta, are dealt with
within the Status of Alberta Wildlife document.
The wildlife status evaluation system in Alberta
follows the five categories as shown in Table 2.
An additional intricacy occurs in Alberta in dealing
with rare plants. The Alberta Natural Heritage Infor
mation Center (ANHIC) has developed a list of rare
plants species for Alberta [Alberta Native Plant Coun
cil (ANPC), 1997]. The list incorporates both the rare
tracking list for Alberta, and the national list produced
by the COSEWIC. The ANHIC's tracking system de
notes seven ranks of rarity for vascular plants where
the plants are evaluated and ranked on their status
globally and provincially. Ranking is based on the
number of occurrences of the species. Information on
population size and trends, life history, reproductive
strategy and recent threats are also used when avail
able. Table 3 describes the ANHIC rare plant ranking
classification.
Although there are a number of classification sys
tems available, the actual determination of a species at
risk remains capricious. For example, different endan
gered species occur on different endangered species
lists. The white pelican (Pelecanus erythrorhynchos) is
considered in Alberta to be a Red list species but it is
not even a COSEWIC threatened species. Additionally,

the required remedial action for the species in question
is not consistent between lists. COSEWIC may require
a recovery plan, but Alberta only requires survey and
listing. Perhaps the most significant issue in the vul
garities of the species at risk listing process involves
rare plants. In Alberta there is an elaborate set of cri
teria (Table 3) to determine rare plants, however, plant
species are not included in the Alberta status report,
only wildlife. Furthermore, COSEWIC includes plant
species in their list but has no clear classification strat
egy or survey method. Due to these irregularities the
entire species at risk listing process has been consid
ered by some to be confusing (Bryson, 1995).
Pipeline reguiatory process

In Alberta pipelines require regulatory review and
approval prior to being constructed. There are basi
cally two forms of approvals required. An Energy and
Utilities Board (EUB) Permit and an environmental
Approval under the Alberta Environmental Protec
tion and Enhancement Act (EPEA). The EUB permit
requires an application including an environmental as
sessment plan. However, this plan may, or may not,
include species at risk. It is most likely that if species
at risk is not a major public issue there will not be
a requirement to include species at risk in the EUB
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Application. The EPEA approval requirement relates
to the size of the pipeline. Two classes of pipelines
have been established by EPEA (Alberta Environment,
1994) that define class I (large) and class II (smaller).
Class II pipelines do not require and environmental
Approval. However, a class I pipeline must comply
with the terms and conditions of an EPEA Approval
as well as EPEA environmental protection guidelines.
They are subject to environmental protection orders
and must meet the criteria for reclamation certification.
Pipelines within class I in Alberta must therefore com
plete a Conservation and Reclamation Application.
However, the Application only requires an environ
mental protection plan. This plan includes a strategy
to avoid adverse effects that encompasses all physi
cal biological and cultural aspects of the project. Other
than wildlife habitat documentation and "timing re
quirements" there are no explicit requirements related
to species at risk.
To further complicate Alberta species at risk ap
proval matters, a pipeline may be considered either a
federally regulated pipeline or a provincially regulated
pipeline. The distinction is made based on the mater
ial the pipeline is carrying, the length of the pipeline
and if it crosses provincial boundaries or connects to
pipelines that may be trans-boundary. Federally reg
ulated pipelines trigger the Canadian Environmental
Assessment Act and must have a Regulatory Agency
(usually the National Energy Board (NEB|) review the
project.
Federally regulated pipelines have explicit require
ments for species at risk. For example, the NEB Guide
lines for Filing Requirements (National Energy Board,
1993) state that environmental assessments for pipeline
applications require identification of any rare species,
or species with federal, provincial, regional or local
designated status (e.g., vulnerable, threatened, endan
gered, or extirpated).
The conundrum is therefore if a pipeline is des
ignated as federal in Alberta the species at risk re
quirements are distinctly mandated and articulated
in Guidelines. However, if the pipeline is considered
within the Alberta jurisdiction the requirements are
not necessarily documented in regulatory instruments.
The Thicksilver pipeline as proposed crosses a large
portion of Alberta but falls within this indistinctive cat
egory for species at risk.

THICKSILVER PIPELINE PROJECT

The pipeline project actually proposes two pipelines,
one pipeline of 914 mm (36 inch) to carry bitumen
and one 324 mm (12 inch) pipeline that is to be
used to transport lighter hydrocarbon liquids used in
the heavy oil production process. The first pipeline
is required to ship heavy oil production from the
Imperial Oil facilities at Cold Lake to Hardisty and

then further on to markets in the east and the south,
via an existing pipeline system. The second pipeline
would ship natural gas liquids from Hardisty back
to Cold Lake to blend with the bitumen to make the
bitumen suitable for shipment by pipeline.
The two pipelines are to be laid in a common trench,
approximately 2 m wide with an average of 1.2 m of
cover. A twenty-five meter wide permanent right-ofway will be required with a 5-m temporary work area
taken over the entire main line right of way to ensure
that soil conservation standards are met.
The proposed pipeline route is shown in Figure 1.
The 250-km route parallels existing pipeline rightsof-way whenever possible. The route goes from Cold
Lake to Lindberg and from Lindberg by Vermillion to
end in Hardisty.
The most notable aspect of the Thicksilver pipeline
project from a species at risk perspective is its to
tal length and capability to impact a large range of
habitat and species. The pipeline right-of-way will dis
turb 250 km of land, cross 52 watercourses and pass
through two recognized environmentally sensitive ar
eas.

DEVELOPING A SPECIES AT RISK PLAN

As mentioned previously, the requirements for wildlife
species at risk are quite distinct from that of rare plants.
It is therefore recommended that these groups be han
dled separately. The following section describes an
appropriate methodology to develop a species at risk
plan, first for wildlife, and then for rare plants. Exam
ples from the Thicksilver case are given throughout to
elucidate key requisites.

WILDLIFE
Information review

Because wildlife species at risk lists can be exhaus
tive (Appendix I) and there are contradictions between
federal and provincial lists it is strongly recommended
to do an initial review of all information sources.
The initial review should include the following con
stituents:
- the pipeline construction design and schedule;
- habitat overview and seasonal limitations;
- regulatory requirements.
Information on pipeline construction details in
cludes a thorough understanding of the final route
selection, a compilation of detailed pipeline alignment
sheets and construction schedule particulars. Without
this critical information is not possible to determine
potential key species at risk.
Using the pipeline alignment sheets it is possible
to go to aerial photography and map, in a general
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sive as most of the information is found in unpublished
reports such as government wildlife population sur
veys, as well as baseline data from earlier pipeline ap
plications. However, by completing this task an initial
wildlife species at risk list is possible. The Thicksil
ver initial list is shown in Appendix 1. The initial list
suggests that there are potentially a large number of
species, however, the list can be trimmed using a logi
cal screening process.
Species screening

Fig. 1. The Thicksilver pipeline route.

fashion, the habitat along the right-of-way. Thicksil
ver habitat maps were useful in determining that there
were several locations at the north end of the right-ofway (mainly boreal forest) that had a distinct potential
for finding wildlife species at risk. The maps also
showed that no critical habitat occurred in the central
portion of the pipeline route (mainly parkland). How
ever, critical habitat appeared on the southern area
(native grassland) that may be important to certain
species at risk.
The habitat information was then augmented with
known species abundance surveys completed near the
pipeline right-of-way. This specific task is labor inten

Screening of the initial species at risk list is completed
using pipeline construction data, timing information
and wildlife habitat mitigation plans. The first task is
to review the potential species against the construction
and habitat data. Then the screened list is discussed
with federal and provincial biologists for accuracy
and completeness. At this point it is also important
to determine the regulators interpretation of their
species at risk lists. The provincial species at risk
list is especially important to review, as there may
be difficulty distinguishing between the categories of
wildlife species at risk.
For Thicksilver, the wildlife species selected were
those listed by COSEWIC, and those listed as either red
or blue in Alberta, as confirmed by Alberta Fish and
Wildlife. The proposed winter timing of the Thicksil
ver construction in the northern portion, pipeline route
selection and the commitment to rapid reclamation of
the habitat, greatly reduced the number of species from
this section.
Avian species focussed on those inhabiting south
ern native grasslands, which included: burrowing owl,
loggerhead shrike, sharp-tailed grouse, short-eared
owl, and Sprague's pipit. Sharp-tailed grouse were in
cluded in the species at risk plan under advisement
from the Alberta Fish ad Wildlife. While sharp-tailed
grouse are only listed as Yellow A by the Alberta Sta
tus of Wildlife Report (1996) the breeding grounds are
quite sensitive. The Thicksilver pipeline will poten
tially pass near suspected sharp-tailed grouse breeding
areas. Sharp-tailed grouse males display communally
at traditional dancing grounds (termed leks) in order
to attract females. Females approach the lek, choose
a mate from the displaying group, and leave to nest
and rear the young alone (Erhlich et al., 1988). Leks are
used repeatedly year to year, and disturbance to leks
could have a significant impact on the species.
Bay-breasted warblers, black-throated green war
blers and Cape May warblers were all listed in the
initial species at risk list, but were not included in
field surveys. These species are found in the northernforested area of the right-of-way where winter con
struction will be utilized. As these species migrate
from the area they will not be affected by winter
construction. Additionally, field surveys were not con
ducted for peregrine falcons or piping plovers. These
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species did not have sufficient habitat along the pro
posed right-of-way fo warrant detailed investigation.
Canadian toads were included on the initial list of
species at risk. However, mitigation plans included in
the conservation and reclamation plan for the right-ofway included routing the pipeline around the various
wet lands and riparian areas where possible. Therefore
the amount of Canadian toad habitat disturbed was
minimal.
Northern long-eared bats, the Alberta Blue rated
mammal on the initial list, was screened from further
investigation as it does not inhabit the right-of-way
during the construction phase.

potential lek sites were also visited the night prior to
the survey to determine access. Grouse may be active
in the early evening, as well, and observations at any
time of the day were recorded. Lekking grouse can be
heard as far as 1 km away, under calm or low wind con
ditions. Thus, observers carefully approached all areas,
listening and watching for signs prior to entering an
area. Observers stayed a minimum of 200 in from ac
tive leks, in order to avoid disturbing dancing males.
Species assessment

No species from the screened list of species af risk were
identified from the detailed field surveys conducted
for the Thicksilver pipeline right-of-way.

Field surveys

The wildlife field surveys for the Thicksilver were con
ducted in two phases. An early phase for sharp tailed
grouse leks was conducted in early May. The timing
of this survey was selected to coincide with the pe
riod when grouse would most likely be using the leks.
A second phase was conducted for burrowing owls,
loggerhead shrikes, short-eared owls, and Sprague's
pipits later in June to correspond to these species life
histories. While the grouse survey focussed on areas
with historical lekking records, all the other surveys
were habitat based. This consisted of investigations of
native pasture, improved pasture, and hayland. Sur
veys were conducted during light conditions to allow
good visibility and ceased under inclement conditions
when the possibility of detection was reduced.
It is important to understand and integrate the
life history of the species at risk in the design of
the survey. For example, where there was potential
for burrowing owl nests, call-playback tapes were
used. From a distance of approximately 200-300 in
from the potential nesting area, a tape containing
burrowing owl calls was played for 1-2 min. This was
followed by a 5 min listening period where observers
watched and listened for evidence of burrowing owls.
Male burrowing owls are highly territorial and will
immediately respond to the calls by flying into the
area. As breeding owls typically do not stray more
than 1 km from their burrow site, call playback tapes
were expected to elicit responses from adults in active
nesting areas.
Loggerhead shrikes are mainly found in lightly
wooded river valleys and coulees. Nests usually occur
in trees or shrubs, 1-10 cm above ground. Loggerhead
shrikes eat mainly small birds and large insects such
as grasshoppers, crickets, and beetles. Shrikes often
impale their food for storage and to anchor prey for
consumption. Such caches may be observed along
barbwire fence lines or on the thorns or branches of
various shrubs or trees. Observers looked for all visual
sign of loggerhead shrikes in potential shrike habitat.
For sharp-tailed grouse, potential lek locations were
visited in the early morning, approximately one-half
hour before sunrise to approximately 10:00 a.m. The

Mitigation and follow up plans

Areas of native pasture or native grassland that could
be disturbed due to construction will be reclaimed to
native vegetation to provide habitat for species at risk.
Mitigation measures will also include the introduction
of native plant species from adjacent land. With these
mitigation techniques it is expected that the areas will
return to suitable habitat for species at risk. The time
frame for the reclamation is three years with a follow
up species at risk survey planned to occur at that time.

RARE PLANTS
Information review

Using the ANPC (1997) definition of rare plants, 43
vascular plants were found to have a potential to
occur on the proposed Thicksilver pipeline alignment
(Appendix 2).
Species screening

Twenty-one occurrences were found on the ANHIC
tracking list. To refine the initial rare plant list the
ANHIC were contacted to determine if there were site
specific plant records within the ANPC tracking list.
Ten species had been recorded by the ANHIC within
the vicinity of the Thicksilver pipeline alignment (Ta
ble 4).
T a b le 4 . R a r e p l a n t s d o c u m e n t e d w i t h i n t h e T h i c k s i l v e r r e g i o n
b y A N P C (1 9 9 7 )
B o t a n ic a l n a m e

Carex retrcrsa
Carex indpinoidea
Coptis trifolia
Hoiistonia kmgifolia
juncus confueus
Lomahigonium
Lysinmchia lanceolata
Oenothera sern data
Polygala paucifiblia
Spergularia marina

C om m on nam e

S t a tu s

tu r n e d s e d g e

S2/S3/G 5

fo x s e d g e

S2/G 5

g o ld th r e a d

S2/G 5

lo n g -le a \ ’e d b lu e t s

S2/G 4/G 5

fe w - f lo w e r e d r u s h

S2/G 5

m a r s h f e lw o r t

S2/G 5

la n c e - le a v e d lo o s e s tr ife

S1/S2/G 5

s h r u b b y e \ 'e n in g

S2G 5

f r in g e d m ilk w o r t

S IG 5

s a lt- m a r s h s a n d s p u r r y

S2/G 5

Developing a species at risk conservation plan

Field surveys

Using the list of potential rare species and the list
of recorded rare species botanists began field studies.
Two rare plant field surveys were conducted on the
Thicksilver alignment and a 200-m adjacent buffer
zone. One survey was conducted in mid June and
one survey in late July to ensure both early and late
flowering phenologies were recorded. Surveys were
floristic in nature and covered the area thoroughly in
an attempt to identify every plant species in the survey
area to a level at which it's rarity can be determined
(ANPC, 1997).
It became readily apparent early in the survey
process that in order to make the survey representative
habitat type classification was required. The plant
habitats were classified using the scale:
- 0, no potential;
- 1, low potential;
- 2, low to moderate potential;
- 3, low to moderate potential;
- 4, moderate to high potential.
Field searches concentrated on the most likely habi
tats while still sampling each plant community type.
Transects were used for the survey (Nelson, 1986).
Spacing of transects depended on the density of veg
etation cover, visibility and plant size.
Species assessment

Of the rare plant species with a potential to be near
the right-of-way the Manitoba maple (S2/G5) and the
sand millet (SI /G5) were found in the vicinity of the
Thicksilver pipeline alignment. No rare plants were
found on the right-of-way itself.
Mitigation and follow up plan

Although there were no rare plants found on the
right-of-way the following mitigation measures were
adopted for the project as a means of protecting species
at risk:
- the boundaries of the pipeline right-of-way will
be clearly staked to ensure construction equipment
stays on track;
- control of all equipment on the pipeline alignment;
- reclamation of disturbed area to native seed mixes.
On site salvaged vegetative material will be used to
promote reestablishment of conditions suitable for
rare plant colonization over time;
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- workforce education on rare plants;
- construction scheduling in wetlands and organic
soils in winter months to reduce impacts;
- follow-up field surveys are scheduled.

CONCLUSION

In Alberta there is currently a regulatory gap in plan
ning for species at risk for pipeline developments. If
a pipeline project is not regulated by the federal gov
ernment the requirements for species at risk may be
vague. Therefore a major pipeline proposal like Thicksilver requires a transparent planning tool to properly
consider species at risk. As a guide for practitioners
completing species at risk plans I offer the following
six key steps:
1. Information review; including all pertinent federal
and provincial regulations and guidelines.
2. Species screening; which includes an initial full
listing of potential species at risk from literature and
unpublished surveys, and a systematic process to
focus on the most likely species.
3. Detailed field surveys; based on knowledge of the
natural history and biology of the species field work
is conducted to provide detailed species documen
tation.
4. Species assessment; includes a professional opinion
on the potential impact of the pipeline on the
livelihood of the species at risk.
5. Species at risk mitigation plan; is a plan to mitigate
the predicted impacts.
6. Follow up management plan; is put in place to
follow up to ensure that the mitigation plan is
effective.
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APPENDIX 1
Potential wildlife species at risk affected by the Thicksilver pipeline*
S P E C IE S

N A T IO N A L S T A T U S

P R O V E N C IA L S T A T U S

A v ia n
A m e r ic a n a v o c e t

_2

S e n s it iv e s p e c ie s in d e c lin e

A m e r ic a n b itt e r n

-

S e n s it iv e s p e c ie s in d e c lin e

A m e r ic a n w h ite p e lic a n

N o t a t ris k

S p e c ie s a t ris k

B a ld e a g le

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

B a y - b r e a s te d w a r b le r

-

S p e c ie s m a y b e a t ris k

B la c k - a n d -w h ite w a r b le r

-

S e n s i t h 'e s p e c ie s n o t in d e c lin e

B la c k - c r o w n e d n ig h t h e r o n

-

S e n s it iv e s p e c ie s n o t in d e c lin e

B la c k te r n

N o t a t ris k

S e n s it iv e s p e c ie s in d e c lin e

B la c k - th r o a te d g r e e n w a r b le r

-

S p e c ie s m a y b e a t ris k

B r o a d -w in g e d h a w k

-

S e n s it iv e s p e c ie s n o t in d e c lin e

B ro w n creep er

-

S e n s it iv e s p e c ie s n o t in d e c lin e

B u r r o w in g o w l

E n d a n g e r e d s p e c ie s

S p e c ie s a t r is k

C a p e M a y w a r b le r

-

S p e c ie s m a y b e a t ris k

C o o p e r 's h a w k

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

D o u b le -c r e s te d w a r b le r

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

F o r s t e r 's te rn

-

S e n s it iv e s p e c ie s n o t in d e c lin e

G o ld e n e a g le

-

S e n s it iv e s p e c ie s n o t in d e c lin e

G r e a t s p e c ie s m a y b e a t ris k h e r o n

-

S e n s it iv e s p e c ie s n o t in d e c lin e

G reat g ray ow l

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

H e r r in g g u ll

-

S e n s it iv e s p e c ie s n o t in d e c lin e

H o m ed g rebe

-

S e n s it iv e s p e c ie s in d e c lin e

L e s s e r y e llo w le g s

-

S e n s it iv e s p e c ie s in d e c lin e

L o g g e r h e a d s h r ik e

T h r e a te n e d

S e n s it iv e s p e c ie s in d e c lin e

M a rsh w ren

-

S e n s it iv e s p e c ie s n o t in d e c lin e

M o u r n in g w a r b le r

-

S e n s i t iv e s p e c ie s n o t in d e c lin e

N o r th e r n g o s h a w k

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

N o r t h e r n h a r r ie r

-

S e n s it iv e s p e c ie s in d e c lin e

O sp rey

-

S e n s it iv e s p e c ie s n o t in d e c lin e

P e r e g r in e fa lc o n

E n d a n g e r e d s p e c ie s

S p e c ie s a t ris k

P ie d - b ille d g r e b e

-

S e n s it iv e s p e c ie s in d e c lin e

P ile a te d w’o o d p e c k e r

-

S e n s it iv e s p e c ie s n o t in d e c lin e

P ip in g p lo v e r

E n d a n g e r e d s p e c ie s

S p e c ie s a t ris k

S p e c ie s a t r is k -n e c k e d g r e b e

N o t a t ris k

S e n s it iv e s p e c ie s in d e c lin e

R in g - n e c k e d p h e a s a n t

-

S e n s it iv e s p e c ie s n o t in d e c lin e

S e d g e w ren

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

S h a r p - ta ile d g r o u s e

-

S e n s i t iv e s p e c ie s in d e c lin e

S h o rt-e a re d ow l

V u ln e r a b le

S p e c ie s m a y b e a t ris k

S p r a g u e 's p ip it

-

S p e c ie s m a y b e a t ris k

S w a in s o n 's h a w k

-

S e n s it iv e s p e c ie s in d e c lin e

T u r k e y v u ltu r e

-

S e n s it iv e s p e c ie s n o t in d e c lin e

U p la n d s a n d p ip e r

-

S e n s i t iv e s p e c ie s in d e c lin e

W e s te r n ta n a g e r

-

S e n s it iv e s p e c ie s n o t in d e c lin e

M a m m a ls
A m e r ic a n b a d g e r

N o t a t ris k

S e n s it iv e s p e c ie s in d e c lin e

C a n a d a ly n x

N o t a t ris k

S e n s it iv e s p e c ie s n o t in d e c lin e

H o a ry b a t

-

S t a tu s u n d e te r m in e d

N o r t h e r n fly in g s q u ir r e l

-

S e n s it iv e s p e c ie s n o t in d e c lin e

N o r t h e r n lo n g -e a r e d b a t

-

S p e c ie s m a y b e a t r is k

P r a ir ie s h r e w

-

S t a t u s u n d e te r m in e d

P r a ir ie v o le

-

S t a tu s u n d e te r m in e d

C a n a d ia n to a d

-

S p e c ie s a t ris k

S p e c ie s a t r is k — s id e d g a r t e r s n a k e

-

S e n s it iv e s p e c ie s in d e c lin e

P la in s g a r te r s n a k e

-

S e n s it iv e s p e c ie s in d e c lin e

A m p h ib ia n s a n d r e p tile s

Only common names are given in Appendix 1. Nomenclature follows Godfrey (1966), Banfield (1976), and Porter (1972).
“Not ranked.
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APPENDIX 2
P o t e n t i a l r a r e f lo r a f o r t h e T h i c k s i l v e r p i p e l i n e

B O T A N IC A L N A M E

COM M ON NAME

RANK

H A B IT A T

M a n it o b a m a p le

S2G 5

stre a m b a n k s

T rees

A cer negundo
F o rb s

A ster pauciflorus
A ster umbellatus
Astragalus bodinii
Botrychium multifidum
Botrychium sim plex
D ryopteris cristata
Geranium carolinanum
H oustonia longifolia
Lomatogonium rotatum
Lysimachia lanceolata
Oenothera brevifolia
Oenothera serr-ulata
Osmorhiza longistylis
Plantago maritima
Polanisia dodecantha
Polygala paucifolia
Potamogeton obtusifolius
Potamogeton strictifoliu
Potentillafinitinia
Potentilla plattensis
Rorippa curvipes
Ruppia maritima
Spergularia marina
Viola m aclosteyi
Viola pedantifida

fe w -f lo w e r e d a s t e r

SI S2G 4

a lk a lin e fla ts

fla t -to p p e d w h ite a s t e r

S2G 5

m o i s t w o o d la n d

B o d i n 's m ilk v e tc h

S IG 4

g rav el b a n k s san d

le a t h e r g r a p e fe rn

S IS 2 G 5

m o is t s a n d y a re a s

d w a r f g r a p e fe rn

S IG 5

m ead o w s/ sh o res

c r e s t e d s h ie ld fe r n

S IG 5

w o o d s/ m arsh es

C a r o lin a w ild g e r a n iu m

S2G 5

c le a r in g s

lo n g - le a v e d b lu e t s

S2G 4G 5

op en san d / d u nes

m a r s h fe lw o r t

S2G 5

m e a d o w s / s a lin e

l a n c e - le a v e d lo o s e s t r if e

S IS 2 G 5

m ead o w s/ sh o res

e v e n in g p r im r o s e

S IG 5

c la y fla ts

s h r u b b y e v e n in g - p r im r o s e

S2G 5

san d y an d d u nes
m o is t w o o d s

s m o o th s w e e t c ic e ly

S2G 5

s e a - s id e p la n ta in

S IG 5

s a lin e m a r s h e s

c la m m y w e e d

S IG 5

g r a v e lly o r s a n d

fr in g e d m ilk w o r t

S IG 5

c o n if e r o u s w o o d s

b l u n t - le a v e d p o n d w e e d

S2G 5

b o re a l w a te r

lin e a r -le a v e d p o n d w e e d

S IS 2 G 5

w a te r

s a n d h ills c in q u e fo il

S IG ?

san d y an d d u nes

lo w c in q u e fo il

S2G 4

g r a s s la n d , c o u le e s .

S2G 5

m o is t g ro u n d

w id g e o n g r a s s

S2G 5

s a lin e w a t e r

s a lt- m a r s h s a n d s p u r r y

S2G 5

tu fa d u n e

M a c lo s k e y v io le t

S IS 2 G 5

m o is t w o o d s

c r o w f o o t v io le t

S1S2G 5

g r a s s la n d

C an ad a b ro m e

S IG 5

m o is t b a n k s

c y p e r u s - lik e s e d g e

S2G 5

sw a m p / m a rsh

G r a m in o id s

Bromus altissim us
Carex pseudocyperus
Carex retrorsa
Carex tincta
Carew vulpinoidea
Coptis trifolia
Danthonia spicata
Dichanthelium leibergii
Dichanthelium ofigosanthes
juncus confusus
M uhlenbergia racemosa
M unroa squarrosa
Oryzopsis canadensis
Rhynchospora capillacea
Scirpuis fluviatilis
Scirpuis pallidus
Scirpuis pum ilus
Spartina pectinata

tu r n e d s e d g e

S2S3G 5

sw am p / m ead ow

tin g e d s e d g e

S IG 4 G 5

m eadow s

fo x s e d g e

S2G 5

sw a m p y grou n d

g o ld th r e a d

S2G 5

d am p m o ssy w ood s

p o v e rty o a t g rass

S IS 2 G 5

w o o d la n d s

L e i b e r g 's m ille t

SR G 5

p r a ir ie s w o o d s

s a n d m ille t

S IG 5

d ry o p e n are as

fe w -f lo w e r e d r u s h

S2G 5

l o w g r a s s la n d

m a r s h m u h ly g r a s s

S IG 5

s a n d - h ills / s lo p e s

fa ls e b u f fa lo g r a s s

S IG 5

p la in s , s lo p e s

C a n a d ia n r ic e g r a s s

S IG 5

open w oods

s le n d e r b e a k -ru s h

S IG 5

c a lc a r e o u s b o g s

r iv e r b u lr u s h

S IG 5

m a r g in s o f la k e s

p a le b u lr u s h

S IG 5

m a rsh y a reas

d w a r f b u lr u s h

S2G

c a lc a r e o u s b o g s

p r a ir ie c o r d g r a s s

S IG 5

sh o res an d m arsh es
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T h re a te n e d and E n d an gered S pecies:
A C ase S tud y of th e M aritim es &
N o rth e as t N atural G as P ip eline in M aine

Michael Lychwala, Michael Tyrrell, and George McLachlan

F r o m 1 9 9 5 to 1 9 9 9 , M a ritim e s & N o r th e a s t P ip elin e a c q u ire d p e rm its a n d c o n s tr u c te d a p p r o x 
im a te ly 2 0 0 m ile s o f 2 4 " n a tu ra l g a s p ip elin e in M ain e. O v e r th e c o u rs e o f th e m u lti-y e a r
p e rm ittin g an d co n stru c tio n p ro c e s s, th e p ro je c t e n co u n te re d a n u m b e r of ch a lle n g e s c o n ce rn in g
ra r e , th re a te n e d , a n d e n d a n g e re d sp ecies. T a rg e t sp e c ie s w e re id en tified an d s u r v e y m e th o d o lo 
g ie s d e v e lo p e d b a se d o n av ailab le d a ta b a s e s an d n u m e ro u s a g e n c y co n su lta tio n s. L o c a l e x p e rtise
fro m a c a d e m ia an d c o n su ltin g firm s w e re u se d as n ece ssa ry . V ascu la r p la n ts, s e v e ra l sp e cie s of
fre sh w a te r m u s se ls , th e T o m ah m ay fly , tw o sp e c ie s o f tu rtle s, tw o sp e cie s o f d ra g o n flie s, an d
b a ld e a g le s w e re id en tified fo r field s u rv e y s . O v e r 2 5 p ro fe ssio n a l b o ta n ists a n d b io lo g ists p e r
fo rm e d n u m e ro u s field s u r v e y s a n d re p o r t in p u t to p ro v id e th e d a ta re q u ire d fo r th e p e rm ittin g
p ro c e s s. S e v eral ch a lle n g e s w e re o v e rc o m e in d e a lin g w ith tim e re s tric tio n s, d a ta g a th e rin g , an d
th e e x p a n s iv e , a n d s o m e tim e s re m o te , p ro je ct ra n g e . R esu lts fo r th e final m ain lin e ro u te in clu d e d
id e n tifica tio n o f 13 sp e cie s o f s ta te listed v a s c u la r p la n ts a t 17 lo ca tio n s, tw o b ald e a g le e s se n 
tial h a b ita ts w ith in | m ile o f th e p ip elin e ro u te , a n d th re e s tre a m s w ith s ta te listed fre sh w a te r
m u sse ls. M a n y a d d itio n a l sites w e re id en tified fo r a n u m b e r o f s p e c ie s, h o w e v e r w e re a v o id e d
b y ro u te c h a n g e s. S u rv e y re su lts w e re su b m itte d to th e a p p ro p ria te a g e n cie s a n d m e th o d o lo g ie s
w e re d e v e lo p e d fo r c o n stru c tio n m itig a tio n w h e re a v o id a n c e w a s n o t p o ssib le. M itig a tio n w o rk
w a s p e rfo rm e d w h ile c o rr e s p o n d in g w ith th e rig o ro u s c o n stru c tio n sch e d u le . M itig a tio n re su lts
w e re co m p ile d an d a d d itio n a l m o n ito rin g w ill c o n tin u e fo r sp ecific sites.

K eyw ords: P e rm ittin g , w ild life, v e g e ta tio n , m itig a tio n , m o n ito rin g

INTRODUCTION

Maritimes & Northeast Pipeline, L.L.C. (Maritimes), in
conjunction w^ith Maritimes Pipeline Limited Partner
ship, obtained the required permits and constructed
a natural gas pipeline that connects natural gas cus
tomers in New England with the Sable Offshore En
ergy Project off the coast of Nova Scotia, Canada (the
Maritimes Phase II Pipeline Project). The constructed
Phase II facilities consists of 24" and 30" diameter
natural gas pipeline that extends approximately 200
miles from the US-Canada border at Baileyville, Maine
to Westbrook, Maine (see Fig. 1). The original project
scope also included several proposed lateral lines that

Environmental Concerns in Rights-of-W ay
M anagement: Seventh International Symposium
J.W . G o o d r ic h -M a h o n e y , D .F. M u t r ie a n d C .A . G u ild (e d ito r s )
© 2 0 0 2 E ls e v ie r S c ie n c e L td . A ll r ig h t s r e s e r v e d .

accounted for an additional 150 miles of various diam
eter pipeline but were not constructed as part of the
overall project. However, with the laterals included in
the initial scope of work, over 350 miles of proposed
pipeline corridor within the State of Maine was eval
uated for the presence of threatened and endangered
(T&E) species.

MAINE

During the permitting and construction phases of the
project, several tasks were developed to address the
issues concerning T&E species. Items such as project
range, time constraints, permitting requirements, sur
vey methodologies, and pre and post-construction is
sues were addressed as the project developed and
progressed. A number of federal and state agency per
sonnel were involved throughout the process. As a
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- utilize the survey results to adjust or modify the
project for T&E avoidance or to identify possible
areas for T&E mitigation;
- work with federal and state agencies to design
T&E mitigation and monitoring for the construction
phase of the project;
- coordinate T&E mitigation and monitoring to ensure
minimization of impacts to identified T&E species
along the route.

METHODS
Site description

result of the large project size and aggressive time
frame, several challenges were overcome to effectively
evaluate the project corridor for the presence of T&E
species and to develop effective mitigation.
This paper is based on information gathered for the
required Maritimes' permits obtained throughout the
regulatory process. Numerous biologists, ecologists,
and consultants provided invaluable resources to gath
ering scientific information and preparing information
on T&E species throughout this permitting process.

OBJECTIVES

Given the complexity, aggressive timeframe, and wide
range of the project, several objectives were developed
to successfully complete the permitting and construc
tion goals in reference to T&E species:
- identify possible T&E species habitat along the pro
posed corridor based on existing information and
agency consultation;
- develop survey objectives with project biologists
and federal and state agency personnel;
- develop and agree upon survey methodologies that
cover the required range, meet the survey objectives,
and satisfy the project timeframe and permitting
requirements simultaneously;
- identify and coordinate the qualified persormel to
effectively survey the 100-ft to 200-ft wide project
study corridor;
- develop and evaluate the survey results with project
managers and federal and state agencies;

The Maritimes Phase 11 Pipeline Project corridor ex
tended for approximately 350 miles with the main
line extending southwest from Bailyville to Westbrook
Maine roughly paralleling the coast. The route location
crossed three biophysical regions of Maine (McMahon,
1991): the Eastern Interior, Central Interior, and South
west Interior. Within these ranges, ten major habitat
types were identified along the route based on the
Maine Natural Heritage Program Ecosystem Classi
fication system (MNHP, 1991). These habitat types
included spruce-fir forest, northern hardwood forest,
white pine-mixed hardwood forest, early successional
and clearcut, agricultural, forested wetland, scrubshrub wetland, emergent wetland, riparian wetlands,
estuarine wetlands, and aquatic habitats. This project
setting presented a number of challenges as it relates
to the identification of T&E species.
Existing resources/agency consultation

The initial effort in identifying T&E species involved
multiple federal and state agency contacts as well as
review of existing database information. This was the
first step in developing an overall list of potential T&E
species that may have been in the project area. Dur
ing this effort, contacts were made with the US Fish
and Wildlife Service (USFWS), National Marine Fish
eries Service, Maine Natural Areas Program (MNAP),
Maine Department of Inland Fisheries and Wildlife
(MDIFW), Maine Land Use Regulation Commission,
and the Maine Department of Marine Fisheries.
This preliminary research developed the first ini
tial T&E search parameters for the project. Several
species known to occur within the project range were
identified. The initial T&E species list included the
federally endangered shortnose sturgeon (Acipenser
brevirostrum) and threatened bald eagle (Haliaeetus leucocephalus). Also, targeted by federal and state agencies
were the black tern (Chlidonias niger), New England
cottontail (Si/lvilagus transitionalis), Blanding's turtle
(Emydoidea blandingii), brook floater (Alasmidonta varicosa), yellow lampmussel {LampsUis cariosa), tidewater
mucket (Leptodea ochracea), pygmy snaketail dragon
fly {Ophiogomplms liotvei), irregular snaketail dragon
fly (Ophiogomphus anomalus) and the Tomah mayfly
(Siphlonisca aerodromia). In addition to the identified
wildlife species, the entire route was evaluated for the
presence of T&E vascular plant species.

Threatened and endangered species

Target species

As a result of additional habitat identification from
field surveys and continued agency consultation
through 1996 and 1997, a final list of T&E species re
quiring survey work was developed and the majority
of the surveys were scheduled for the field season of
1998. This list include the bald eagle, brook floater, yel
low lampmussel, tidewater mucket pygmy snaketail,
irregular snaketail, Tomah mayfly, blanding's turtle,
and spotted turtle. In addition to the T&E wildlife
species identified, T&E vascular plant surveys contin
ued to address the primary route, route modifications,
access roads, and additional temporary workspace.
Survey methodologies

Once the target species were identified the appropriate
survey methodologies were developed using existing
data, collected habitat information, professional bi
ologists, local knowledge and expertise, and agency
input. One of the major challenges in developing these
survey methodologies involved meeting the survey
requirements in line with the project timeframe. Tra
ditional surveys for specific species are often tailored
to identify far more detail than whether the species
is simply present or not. With a project range of over
350 miles, the initial scope of the surveys was limited to
determine if the project location would directly impact
an identified target species. Another challenge in de
veloping survey methodologies involved the multiple
species targeted, and the vast range that they covered.
Each species had a separate survey window and pro
cedural survey protocol.
Vascular plants — Survey methodology
Prior to field searches, and to some degree (based on
field experience as the searches progressed) concurrent
with them, an analysis of the project layout was un
dertaken utilizing existing data on the distribution of
T&E species. The analysis also included a review of
land use from recent (April 1997) aerial photographs,
and habitats from USGS topographical maps. National
Wetlands Inventory maps, surficial and bedrock geol
ogy maps and other available information.
Except for known locations of rare species, further
review of existing information indicated that much of
the project area had a low potential for such species.
Regionally, rare species are primarily concentrated in
southern Maine (i.e., south of the current project area),
in northern and eastern Aroostook County (remote
from the project area), along the coast and in alpine
zones (both also remote from the project area), and
along large rivers. Of these, the project as proposed
involved only major river corridors as areas of high
potential for rare species. It is well-known, for exam
ple, that much of interior eastern Maine has not been
well-botanized (Campbell et al., 1995), and further
more, the distribution and ecology of many of Maine's
rare plants are not well known (Eastman and Cawler,
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1985). Therefore no area was, a priori, excluded from
field review.
From these reviews and considerations, field work
was planned with highest priority given to search
ing areas near known populations and the proposed
river crossings. Field searches were undertaken on
foot to review such areas. Special attention was given
to areas where the study corridor was wider, e.g., at
stream crossings and major road crossings. Habitats
were judged in the field according to the searcher's ex
pertise as to whether in-depth or cursory searches were
appropriate, and as to whether additional areas other
than those originally identified should be searched.
Special attention was paid to such habitats as rivershores, streams, small ponds, rock outcrops, sloping
deciduous forest habitats, seeps, northern white cedar
swamps, natural openings, borrow pits and other ar
eas of disturbed soils, areas of calcareous bedrock,
etc. Common habitat types such as cut-over second
or third-growth forest, mixed forest on uplands, farm
fields, pastures, abandoned land, etc. were gener
ally considered to have little potential and were not
searched as thoroughly.
Blanding's and spotted turtles — Survey methodology
The goal of this study was to identify and docu
ment the occurrence of two listed turtle species on or
within the immediate vicinity of the proposed Phase II
pipeline corridor. This goal was accomplished through
a two-phased approach: (1) the identification of ar
eas having species occurrence or potential occurrence
(landscape analysis); and (2) on-site field surveys doc
umenting the occurrence of the species.
- Landscape analysis — Based on pre-survey planning,
aerial photo and NWI map interpretation, and pre
viously conducted wetland surveys, critical habitats
along the pipeline route were identified. Based on
preliminary analysis, the emergent and shrub wet
lands located along approximately 50 miles were
targeted as the most likely areas to harbor the two
species.
- On-site field surveys — Since the turtles (especially
the spotted turtle) could have occurred in several
wetland areas traversed by the pipeline project, on
site surveys to determine the actual presence or ab
sence of the species was necessary. Areas of known
occurrence or potentially suitable areas within the
targeted areas were surveyed by qualified biologists
in the spring of 1998. The biologist searched po
tential turtle habitats visually for basking turtles in
the early spring shortly after emergence from hi
bernation and growth of vegetation. In additional,
information was used from other previous 1997 field
surveys associated with wetland delineation, and
rare plants which did not yield any sightings of these
turtles.
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Tomah mai/fli/ — Survey methodology
A literature review was conducted to collect informa
tion on the life history and habitat requirements of
this species. Information reviewed included entomo
logical journals. Master's theses, and literature on the
natural history of the region. Dr. K. Elizabeth Gibbs,
who re-discovered the Tomah mayfly in Maine in 1978
was recruited to participate in developing the sur
vey methodology as well participating in oversight of
the survey process. Dr. Gibbs provided expertise and
played a crucial role in the survey design process for
the Tomah mayfly.
- Landscape analysis — A landscape analysis was con
ducted to identify potential survey sites for the
Tomah mayfly. The targeted survey sites consisted
floodplain marsh habitat that provided standing
water in the spring. A variety of information was
reviewed during the analysis, including USGS topo
graphic maps and Maritimes pipeline alignment
sheets, which included 1" = 200' aerial photographs
of the proposed pipeline corridor and information
collected during the wetland delineation efforts in
1997. In addition, alignment sheets showing delin
eated wetland areas were examined and wetland
field data forms were reviewed. Wetland data forms
provided information on the wetland community
and plant species composition at the wetland cross
ings, and on the stream width and substrate charac
teristics at stream crossings. However, data collected
for wetland or stream crossings was not always de
tailed enough to complete the analysis. It is often
difficult to collect general wetland information asso
ciated with delineation activities that can provide in
formation for any particular wildlife species. There
fore, a site visit was performed for those streams
where additional data was required to determine if
the location contained sufficient habitat and was an
acceptable survey location.
The list of potential survey sites was then crossreferenced with work completed by the MDIFW and
Dr. Gibbs to identify sites that had been previously
surveyed. The sites were then prioritized for surveys
based on habitat characteristics and the recommen
dations of Dr. Gibbs. Those crossings which exhib
ited potentially acceptable habitat were identified
and selected for survey. These sites were reviewed
with the USFWS and MDIFW prior to performing
the 1998 field surveys.
- Final survey design — Six locations were initially
identified for Tomah mayfly surveys during the last
week of May, 1998, just prior to the emergence of
adults. Additional sites were subsequently added
to cover route modifications. The field surveys for
Tomah mayflies were designed to be largely qualita
tive, although measures of relative abundance was
obtained and compared to surveys conducted by
Dr. Gibbs in Maine, New York, and New Brunswick
(Gibbs and Siebenmann, 1994). Two training events

were hosted by Dr. Gibbs, one in a classroom setting
and the one in the field at a known Tomah mayfly
site. The training ensured adequate knowledge of
the potential habitats and surv^ey methods. Investi
gators were able to develop a search image for this
species.
Searches were designed to use 1 m D-frame
aquatic net sweeps through submerged vegetation.
Contents of net sweeps were placed in white enamel
sorting trays and the number of Tomah mayfly
nymphs were recorded. Relative abundance was
determined based on the number of nymphs ob
served in the pans. At any site where Tomah mayfly
nymphs were found, reference specimens were col
lected and identification was verified in the labora
tory. Maine Natural Areas Program Data sheets were
also completed and photographs were taken.
Pygmy and irregular snaketail dragonflies — Survey
methodology
A literature review was conducted to collect informa
tion on the life history and habitat requirements of
each of the dragonfly species. Information reviewed
included entomological journals. Master's theses, and
literature on the natural history of the region. Dr. K.
Elizabeth Gibbs, also played a critical role for the drag
onfly surveys as well. Dr. Gibbs participated in devel
oping the survey methodology and provided specific
training to biologists that conducted the surveys.
- Landscape analysis — As with the Tomah mayfly,
a similar type landscape analysis was conducted
to identify potential survey sites for the dragonfly
species.
- Field surveys, Fall 1997 field visits — Several survey
sites requiring additional characterization were vis
ited in the fall of 1997 to confirm habitat conditions
and to determine suitability for inclusion in the 1998
field survey. These site visits were undertaken when
the existing site information was inadequate to es
tablish the need to conduct a detailed survey at a
particular location.
- Final survey design — Field surveys for snaketail
dragonflies were conducted during the last week of
May and the first week of June, 1998, when adults
were emerging from riverine habitats. A training
session for field personnel was hosted by Dr. Gibbs
in a classroom setting on April 15,1998. The training
ensured adequate knowledge of the target species,
potential habitats and survey methods.
Since the emergence of the two focus species
begins approximately one week apart (Bradeen,
1996), each site was visited once during each week.
As the spring season progressed, low rain fall levels
and warm temperatures required monitoring of the
potential advancement of the hatch period. Based on
consultation with Dr. Gibbs and MDIFW, surveys
were conducted approximately two weeks earlier
than previously scheduled. To ensure that the timing
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of the surveys was correct, several regional sites that
were likely to contain these species in the vicinity
of the Phase II pipeline route were investigated.
These sites were not located on the Phase II pipeline
route, and were chosen based on consultation with
MDIFW. One regional site did not produce the target
species during this initial survey. However, when
the pipeline route was surveyed in that region,
over 700 irregular snaketail exuviae were collected,
thus confirming that the survey fell within the
appropriate time window.
During each site visit, all dragonfly exuviae were
collected along three 30-m transects located parallel
to the shoreline. Where applicable, all three transects
were located within the proposed corridor, with two
located on one shoreline and one on the other. Where
access was difficult or restricted, the three transects
were located on one stream bank, located centrally
over the proposed location of the pipeline. Water
temperatures were recorded at each site during each
visit. Exuviae were then identified to species accord
ing to Carle (1992) and Walker (1933) and those of
pygmy and irregular snaketails were counted by
transect and by site.
Bald eagle — Survey methodology
The primary goal of this study was to identify the
location of documented bald eagle nests as well as any
a d d itio n a l n e s ts w ith in th e im m e d ia te v ic in ity o f th e

pipeline corridor. This goal was accomplished through
two stages; (1) the use of the most up to date MDIFW
database in determining known eagle nest locations, as
well as correspondence with the appropriate regional
biologists, and (2) fly-over of the corridor in areas
where additional, unmapped nests may be located.
- Use o f up-to-date MDIFW database — Based on exist
ing information provided by the MDIFW, such as
the 1997 endangered species database and specific
correspondence with the various regional biologists,
known bald eagle nests and essential habitats were
identified. Known eagle nests along the pipeline
corridor were updated by information through a
MDIFW database. A total of 17 bald eagle nests were
initially documented to occur within one mile of the
pipeline route.
- Corridor fly-over — Since bald eagle nests could
have occurred in several areas not previously doc
umented or surveyed by the MDIFW, a helicopter
fly-over of targeted segments of the pipeline was
planned. As recommended by MDIFW, specific ar
eas targeted for this survey included the northeast
section of the route and areas near major river cross
ings. This survey was conducted by staff scientists
of the MDIFW and Maritimes in April, 1998 during
leaf-off conditions.
A survey corridor of approximately one-mile in
width, centered on the proposed center-line, was in
vestigated by both DIFW and Maritimes biologists.
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The DIFW recommended survey procedure entailed
three passes over a swath (i.e., centerline and two
outer edges) at a flight height of approximately 300
feet and a typical airspeed of less than 75 knots.
Off-sets from the survey corridor were conducted to
cover other potential nesting areas such as lake and
stream shorelines. Surveys were conducted from
April 14 through April 22, 1998 and corresponded
to the period typically used by MDIFW for survey
ing Maine nesting pairs. Conditions conducive to the
survey included clear or cloudy skies (i.e., one-mile
visibility), and winds less than 15 mph. Any new
nests or other pertinent information was recorded by
the supervising MDIFW biologist.
Freshwater mussels — Survey methodology
The following describes the protocol for surveying
freshwater mussels in the vicinity of selected streams
crossed by the Martimes Pipeline project. This protocol
was developed based on an August 28, 1997 meeting
with staff of the MDIFW, Endangered Species Unit. At
the time of the project, five species of mussels were
listed as state threatened or of special concern. The
yellow lampmussel {Lampsilis cariosa) and tidewater
mucket {Leptodea ochracea) are State Threatened, and
three species are of special concern; the brook floater
{Alasmidonta varicosa), squawfoot {Strophitus undulatus), and triangle floater (Alasmidonta undulata). The
target species for these surveys are the three mus
sels considered to be the rarest in the State of Maine;
the yellow lampmussel, tidewater mucket, and brook
floater.
Based on the analysis of existing agency data on
known T&E mussel locations within one mile of the
pipeline route, and the inclusion of waterbodies with
potential habitat conditions for target mussel species,
a list of waterbody crossings targeted for survey was
developed. This list was based on a minimum stream
width of 25 feet as measured at the pipeline crossing
either directly in the field or using aerial photographs.
The general procedure for the mussel surveys con
sisted of three levels of intensity. The actual stream
crossing ROW was intensively searched for the target
species. The entire ROW was searched, making a com
plete count of each target species found. The width of
the ROW was generally 75 feet but depended on site
specific conditions, which varied for each stream. An
estimate of the count for all other species found within
this ROW was grouped as <50, 50-100, and >100.
A cursory search was made in the area five meters
upstream of the ROW and an estimate of abundance
noted for each species.
An area 50 m downstream of the ROW was searched
at a less intensive level. Approximately 1 m wide
transects parallel to the stream bank were searched.
A count of each target species and an estimate of all
other species found were recorded. Two transects were
searched in streams less than 50 feet wide, and four
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transects were searched across streams greater than 50
feet. The third level of effort consisted of a timed search
that was conducted in an area 50-150 m downstream
from the ROW. The amount of time varied depending
on the stream size and conditions but commonly ran
one half to one hour each for a two person team.
A count was recorded for each target species as well
as a note of general abundance of other species (rare,
common, and abundant).
Mussel searches were done through a combination
of visual assessment in shoreline areas and snorkeling.
At larger crossings, divers were used to search for
mussels in deeper waters where access was not limited
by safety concerns.

RESULTS
Vascular plants — survey results

The T&E vascular plant surveys identified over 25
separate T&E vascular plant sites, with over 15 differ
ent species. Due to numerous route modifications and
adjustments, only nine sites comprised of six species
along the route were directly within the pipeline cor
ridor. The site locations were spread across the entire
200 miles of the mainline. These species are included
in the Table 1.
Blanding's nnd spotted turtles — Survey results
Maritimes completed the required surveys for the two
turtle species, Blanding's turtle and the spotted tur
tle in the early spring 1998. The two target species
were not found during the surveys. However, based
on these 1998 field surveys, the participating biolo
gists identified 18 areas of quality habitat that may
support these species. These areas were targeted for
pre-construction surveys using the same methodol
ogy as the previous surveys. Pre-construction surveys
were completed in these locations just prior to the ini
tiation of clearing activities. No observations of the
target species were made during the entire construc
tion phase of the project.
Tomali mayfly — Survey results
A total of 10 streams and their associated floodplains
were selected for the Tomah mayfly survey. The Tomah
T a b le 1 . R a r e , th r e a t e n e d a n d e n d a n g e r e d s p e c i e s w i t h i n
co n stru cte d p ip e lin e R O W
C om m on nam e
V e lv e t s e d g e
S l e n d e r b lu e - e y e d g r a s s

S c ie n tific n a m e

Carex vestita
Sisyrinchium iinicroiiatum

( m u lt ip le s ite s )
B r o a d b e e c h fe r n
W ie g a n d 's s e d g e
A lg a - lik e P o n d w e e d
V a s e y 's ru s h

Phegopteris hexagonoptera
Carex wiegandii
Potamogeton confervoided
Jm iciis vaseyi

mayfly was found within the construction ROW at
only 1 of the sites: the Passadumkeag River.
As the spring season progressed, low rain fall levels
and warm temperatures required monitoring of the
potential advancement of the hatch period. As a result
of the climate and river flow conditions, surveys
occurred approximately 2 weeks earlier than normal.
The majority of the floodplain areas were dry at the
time of survey, leaving few areas of potential habitat
for the Tomah mayfly. It is not known if the dry
conditions are typical of these areas at that time of year,
or the result of the lower, regional spring flood levels
during the survey effort.
Pygmy ami irregular snaketail dragonflies — Survey
results
A total of 36 streams were surveyed for the pygmy and
irregular snaketail dragonflies across the project range.
A total of 7796 dragonfly exuviae were collected dur
ing this survey effort. Of this total, 3317 of the exuviae
were identified to be within the Ophiogomphus fam
ily, and 1771 were idenfified to be from the irregular
snaketail. None of the exuviae collected were from the
pygmy snaketail. The irregular snaketail was found
within the construction ROW at four of the survey
sites. However, due to adjustments to the final route
alignment, and removal of the proposed laterals, none
of the streams identified to have the target species were
affected.
Bald eagle — Survey results
Based on the database review and consultation with
the MDIPW, two designated bald eagle Essential Habi
tats were identified within the pipeline corridor. Dur
ing the 1998 fly-over surveys, no new nest sites were
identified. In addition to the 1998 fly-over survey, an
additional survey was performed prior to the mainline
construction in 1999. As with the earlier fly-over, no
new nest sites were identified during the 1999 survey.
Freshwater mussels — Survey results
Target species were generally found in low numbers
and at only nine crossing locations. The tidewater
mucket was found at only one site, the Passadumkeag
River crossing of the Millinocket Lateral. The yellow
lampmussel was found at only three sites, the Pas
sadumkeag River, Millinocket Stream, and the West
Branch of the Penobscot River, all on the Millinocket
Lateral. The third target species, the brook floater, was
found in low numbers at six stream crossing locations.
Live specimens were found within the study area
at five locations: Marsh Stream, Machias River, West
Branch Sheepscot River at the mainline and Skowhegan Lateral crossing locations, and the Carrabasset
Stream. Only two relic shells were found at the Penob
scot River crossing on the Millinocket Lateral. Due to
route modifications prior to construction, the pipeline
corridor crossed only three streams with identified tar
get species. These included Marsh stream, the West
Branch Sheepscot, and the Machias River.
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MITIGATION APPROACH

Several approaches to mitigation were considered dur
ing the design of the pipeline and the development of
the construction procedures. The mitigation measures
were consistent with the federal and state agency regu
latory policies and guidelines. These mitigation meas
ures were developed and utilized for the target turtle
species, the bald eagle, the target freshwater mussels
species, and the T&E vascular plant sites within the
project corridor. A significant degree of agency con
sultation was initiated to assist in the development of
effective mitigation. Maritimes first considered avoid
ance as the primary mitigation measure.
As a result of the extensive agency consultation,
numerous route modifications, and removal of the
proposed laterals, a number of T&E sites were avoided
by construction. This reduced T&E impacts as well
as mitigation efforts that may have been used for
construction. The following are some examples of
identified T&E sites that were avoided by construction:
- six streams and rivers with target freshwater mussel
species were avoided;
- over 15 species of T&E vascular plants located at
over 25 separate stations were avoided;
- four stream and river crossings identified to con
tain irregular snaketail dragonflies were avoided
because of the removal of the proposed laterals.
Vascular plants — Mitigation approach
For the nine T&E vascular plant sites identified within
the pipeline construction corridor, specific mitigation
was developed for each site. Maritimes' representa
tives met with the MNAP on April 16,1998, to discuss
the status of the 1997 surveys and to review the sur
veys required in 1998. The MNAP described some rec
ommended mitigation measures for the species iden
tified during the 1997 and 1998 surveys. During the
April 16,1998, meeting, Maritimes also discussed mit
igation measures recommended by the MNAP.
As a result of consultation with the MNAP, Mar
itimes developed a mitigation approach for each pop
ulation of protected plants along the project route that
was incorporated into the project alignment sheets and
construction specifications (see Table 2). These plans
were developed by the consultants working together
with the project owners, project engineers and appro
priate state and federal agencies. All plant mitigation
efforts will be monitored for three years after construc
tion. The basic mitigation techniques that were utilized
included the following:
- Sod salvage — Sod salvage included the transplan
tation of entire, intact sods, rather than individual
plants, for use where a population consisted primar
ily of interconnected plants or large clones, or where
it was beneficial to move large sods with small
plants, rather than excavating individual plants as
plugs. In this instance, sods were dug either by
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track-hoes or by hand immediately prior to con
struction.
The sod salvage technique was utilized primar
ily for the slender blue-eyed grass and velvet sedge
sites. The plants were removed in sod sections ap
proximately 1.5-ft by 2.5-ft in size that contained
anywhere from five to 25 individuals and stored at
a plant nursery throughout the construction phase.
The plants were cared for during the summer
months and maintained in excellent condition. Most
of these plants were placed back on the original con
struction ROW after construction. In some instances,
where the ROW restoration was not completed dur
ing the growing season, the plants were held at
the nursery for an additional year. Based on the
first year observation of the sites restored after con
struction, the sod salvage technique has been very
successful. One concern observed while using this
technique occurred during the slender blue-eyed
grass mitigation effort. Slender blue-eyed grass can
easily be out-competed by other species of upland
grasses, and survives well where conditions prevent
thick dense herbaceous cover. Under the conditions
of the nursery, sods received scheduled watering
and small amounts of fertilizer. Many plants in the
sods responded better than the slender blue-eyed
grass and began to overgrow the sod sections. Care
ful monitoring, trimming, and fertilizer restrictions
were needed to keep the plants in check and main
tain the slender blue-eyed grass population.
Plant plugs — Plant plugs were used where a popu
lation consisted primarily of separate individuals. In
some cases, this technique was used in addition to
sod salvage. Where individual plants were scattered,
and sod sections were not practical, individual plant
plugs were taken by hand. As with sod salvage, the
plants were held at a nursery for care through the
construction phase, and replanted on the corridor
in their original locations after construction. In the
case of the Vasey's rush, individuals were removed
and planted in a corner of an additional temporary
workspace nearby and replanted at their original lo
cation after construction.
This mitigation technique was also used for the
aquatic alga-like pondweed. For this instance, the
plants were removed by hand and placed upstream
within the same habitat immediately prior to con
struction These plants were left in place after con
struction was completed. It is anticipated that the
transplants will re-colonizing the construction ROW.
The plant plug technique proved highly success
ful for the broad beech fern. A large stand of broad
beech fern (probably a single large clone) was re
moved from the construction ROW and stored at
a plant nursey during construction. Over two hun
dred individual ferns were potted and maintained
at the nursery. After construction, these individuals
were planted within the shaded tree-line adjacent to
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Table 2. Rare, threatened and endangered vascular plant species — mitigation techniques
Common name
Velvet sedge
Slender blue-eyed grass (multiple sites)
Broad beech fern
Wiegand's sedge
Alga-like Pondweed
Vasey's rush

Scientific name

Mitigation technique

C a r e x v e s tita
S is y r in c h iu m in n c r o n a tu m
P h e g o p t e r is h e x a g o n o p t e r a
C a r e x w ie g a n d ii
P o ta m o g e to n c o n fe r v o id e d
Ju n cu s v asey i

the ROW. These plants were inspected this spring
and were determined to be in excellent health.
- Topsoil segregation — Soil segregation was a tech
nique that was used where continued presence of
a particular species may depend more on main
taining a seedbank than on salvaging mature in
dividuals. In these areas, the top eight inches of
topsoil was stripped from the project area and stored
nearby during construction, then replaced to the
same depth and grade as prior to construction. This
technique was utilized, in addition to sod salvage
and plant plugs, for the slender blue-eyed grass
sites. Slender blue-eyed grass responds to distur
bance and is an early colonizer on exposed soil. It is
anticipated that these plants will colonize on newly
disturbed sections of the ROW from the seedbank
held within the topsoil.
Blanding's and spotted turtles — Mitigation approach
Although no target species of turtles were identified
during the survey effort, Maritimes conducted pre
construction surveys in identified quality habitat prior
to the initiation of clearing activities. Any turtles
observed on the ROW during the survey were to
be captured and relocated to an adjacent area of
similar habitat. A temporary silt fence would have
been installed along both sides of the ROW in the
vicinity of the capture, in order to prevent the relocated
individual from returning to the construction site.
However, no sightings were recorded throughout the
entire construction phase of the project.
Bald eagle — Mitigation approach
Two Essential Habitat areas for bald eagle nest sites
were located along the project corridor. Both of these
nest sites were along the Penobscot River and within
close proximity to each other. This river was crossed
using horizontal directional drill (HDD) technology.
The HDD activity was considered by MDIFW as an
alteration of the Essential Habitats because of the
noise and human activity associated with construc
tion. Therefore, measures to mitigate disturbance were
required at these sites. These measures included the
following:
- Timing restriction — The critical nesting season for
bald eagles in Maine generally runs from Febru
ary 1 through August 31 but can vary from coastal to

Sod salvage, plant plugs
Sod salvage, plant plugs, topsoil segregation
Plant plugs
Avoidance
Plant plugs
Plant plugs

northern, interior regions. Thus, as required by MD
IFW, any construction activity within the Essential
Habitat area, such as clearing, directional drilling,
trenching and pipe placement, had to be conducted
outside of this nesting window (i.e., fall and early
winter).
Construction activity around the identified bald
eagle nests was restricted during February, March,
April, and May. However, MDIFW monitored for
bald eagle activity at the two nest sites. No activity
was observed during the late winter and spring
months. Once the MDIFW biologist were confident
that the nest was not going to be used that year,
construction activities were allowed to proceed in
June instead of waiting for the full timing restriction
to end in August. With the nests uninhabited as
late as June, it was highly unlikely that a nesting
pair could have come in and successfully bred that
season.
Freshwater mussels — Mitigation approach
Maritimes consulted with the MDIFW on possible
mussel mitigation methods. Maritimes also researched
mussel relocation studies and other mitigation mea
sures used on natural gas pipeline and other stream
construction projects. The research revealed that mus
sel tagging and relocation studies were sometimes
conducted when substantial numbers of mussels occur
within the construction impact area. Relocation efforts
with rare mussels have had mixed results in part due
to the difficulty in relocating individual tagged and re
located mussels.
At the three streams designated for open cut or dry
crossing methods and for which at least six live speci
mens of any target species have been found within the
study corridor, Maritimes committed to re-surveying
the impact zone shortly before construction. This pre
construction survey effort also involved removing all
target mussels found and transporting them to an up
stream location where suitable habitat was available.
No state threatened species were found during these
pre-construction surveys, however, three state Species
of Concern were found. A total of 26 brook floaters,
one squawfoot, and 44 triangle floaters were re-located
during this effort.
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CONCLUSION

BIOGRAPHICAL SKETCHES
The T&E survey program and mitigation effort ini
tiated by Maritimes proved to be a successful en
deavor. The success of the program was the result of
Maritimes' environmental commitment to the overall
project and the continued cooperation of the federal
and sfate regulatory agencies involved in the review
of the mitigation plans and during construction. Each
of fhe objectives of the T&E effort were realized over
the approximately four year development and imple
mentation schedule of the project.
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Response of Bird Communities to Pipeline
Rights-of-Way in the Boreal Forest of Alberta
Warren Fleming and Fiona K.A. Schmiegelow

There is considerable concern over the effects of habitat loss and fragmentation on forest birds,
particularly neotropical migrants. Resource development in forested regions may reduce the
available habitat for forest-dependent species both directly, by removing forest, and indirectly,
by creating edges and introducing novel habitat. These factors can further affect the structure of
animal communities by influencing species that compete with, or prey upon, forest-dependent
species. Linear developments, such as roads, seismic exploration lines, powerline rights-of-way
(ROW) and pipeline ROW, may contribute significantly to forest fragmentation. We studied
the local response of birds to pipeline ROW in the boreal forest of northwestern Alberta by
comparing community structure, predation rates on artificial nests, and willingness to cross ROW
in response to playbacks, at varying ROW widths, and between forest adjacent to and away
from ROW. Total species richness was not affected by the presence or width of ROW, however
overall bird abundance was highest adjacent to narrow ROW. Differences in the abundance of
individual species adjacent to ROW, and across ROW widths indicated that these features did
influence bird community structure. Nest predation was greater adjacent to wider ROW, but
did not differ with distance from edge across width classes. Tests for willingness to cross ROW
were generally inconclusive, due to low sample sizes. We conclude that local effects of pipeline
ROW might be mitigated by minimizing ROW width. However, regional planning requires more
careful consideration of the landscape-level implications of creating a greater number of linear
disturbances for an equivalent level of pipeline development, as well as the cumulative effects of
various industrial activities.
Keyivords: Linear development, right-of-way management, forest songbirds, edge effects, boreal
mixedwood forest

INTRODUCTION

Forested landscapes throughout the world are sub
jected to many types of human activities. In cases
where such activities cause habitat loss or fragmenta
tion, wildlife species dependent on forests may suffer
population declines, reductions in range, or even local
extinction. Historically, much of this disturbance has
been attributed to agricultural development and forest
harvesting. However, there is an increasing awareness
of the potential impact of various linear developments
on wildlife. Such linear developments include roads.

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

hydro-electric corridors, seismic lines and pipeline
rights-of-way (ROW) associated with oil and gas ex
ploration and development.
The boreal mixedwood natural region of Canada
(Achuff, 1994) has recently come under intense pres
sure from logging interests, due to the increased value
of deciduous tree species for pulpwood (Marchak,
1995; AEP, 1998). Concomitant with these activities, the
oil and gas industry continues to expand throughout
the region (AEP, 1998). Habitat loss and fragmentation
have become important concerns for land managers.
Research is required to determine how these distur
bances are affecting wildlife, and to identify man
agement practices that mitigate negative effects. Our
study was initiated in 1997 to evaluate the effect of lin
ear developments, specifically pipeline rights-of-way
(ROW), on the structure and dynamics of bird com
munities in Alberta's boreal mixedwood forest. We
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focused our research on pipeline ROW due to the
prevalence of these features in the boreal forest re
gion of Alberta, and the projected increase in pipeline
construction in the near future. Alberta's boreal forest
has an overall density of pipeline ROW equivalent to
0.21 km/km‘ as of 1996 (AEP, 1998). In the dry mixedwood sub-region, where this research took place, the
density is 0.41 km of pipeline per km^. Numbers for
the Grande Prairie region specifically are not available,
however it is one of the most active regions in the
province for oil and gas exploration and development
(AEP, 1998).
Edges created by anthropogenic disturbances may
contribute to declines in forest-dependent species,
through edge avoidance, changes in habitat at edges,
and increased competition with species attracted to
edges or the adjacent habitat (e.g., Kroodsma, 1982;
Small and blunter, 1989). Such edges also may cause
changes in predator communities (Wilcove, 1985; Nour
et al., 1993), which affect rates of predation on forest
nesting songbirds. Large gaps in forest cover may also
affect the movement and dispersal of some bird species
(Matthysen and Currie, 1996).
Pipeline ROW vary in width, depending on the
number of lines they support, and associated construc
tion and maintenance requirements. As the transporta
tion network for oil and gas expands, it is important
to know whether, from an ecological perspective, it is
less detrimental to widen existing ROW for additional
pipelines, or to develop a greater number of narrow
ROW. We examined the local effects of pipeline ROW
of various widths on bird community structure, nest
predation and movement in a 2-year field study in
west-central Alberta. We predicted that the diversity
and abundance of forest-dependent species would be
lower, and nest predation higher, in areas adjacent to
ROW, when compared to similar areas in contiguous
forest. We further expected these effects to increase
with ROW width. We also predicted that the willing
ness of birds to cross ROW would decrease with width.
Here, we present preliminary results from these stud
ies.

METHODS
Study area

This study was conducted in the dry boreal mixedwood forest, ~40 km south of Grande Prairie, AB,
Canada (Fig. 1), during the summers of 1998 and 1999.
This area was chosen on the basis of existing and pro
jected pipeline developments, and because we were
able to identify replicates of established ROW, within
four width classes, located in consistent forest cover.
The forest in the area is dominated by trembling aspen
(Populiis tremuloides), with varying amounts of white
spruce (Picea glntica) located primarily in the under
story. All study sites were in forest between 80 and 120
years of age.

Fig. 1. Location of the study area, 40 km south of Grande Prairie,
AB, Canada.

Three sites were located at each of four ROW width
classes: 15-16 m, 22-24 m, 32-34 m, and >50 m (width
classes 1 through 4, respectively), for a total of 12 sites.
At each site, we established two sampling grids: one
immediately adjacent to the ROW, and a control grid
located a minimum of 500 m from the ROW edge and
any other disturbances.
Bird community data

Standardized, 5-min points (Ralph et al., 1995) were
conducted during the breeding seasons of 1998/1999.
All birds seen and heard within a 100-m sampling
radius of each station were recorded. Three point count
stations were located in the forest adjacent to each
ROW (Fig. 2), and within each control grid. Point
counts were carried out in fair weather, between dawn
and 10:00 a.m., between May 27 and July 5 of both
years. In total, each site was sampled five times: three
times in 1998 and twice in 1999.
Nest predation data

We used artificial nests and plasticine eggs as a mea
sure of predation pressure (e.g., Haskell, 1995; Major
and Kendal, 1996). At each site, nests were placed
along transects running parallel to the ROW, in each
of four locations: within 5 m of the edge, 50 m from the
edge, 100 m from the edge and within the control grid,
500 m from the edge. On each transect, 20 nests were
placed at 25 m spacing, alternating between ground
scrapes and shrub nests (10 cm diameter, commercially
available canary nests). Two plasticine eggs, resem
bling the eggs of typical passerine species (~1.5 x
1.2 cm oval), were placed in each nest. The plasticine
eggs permitted predator identification, based on mark
ings left behind by teeth or bills. The nests were placed
at four sites simultaneously (one in each width class of
ROW), in each of three time periods (late spring, early
summer, mid-summer) in 1999. They were checked for
predator activity after five days, and at 10 days, when
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Fig. 2. Diagram of point count stations (small circles) and a sample census area (large circle) in relation to the right-of-way (dark lines).
Equivalent control stations (not shown) are located 500 m from ROW edge.

they were removed. Predator species were placed into
five groups; small mammals (mice, voles), intermedi
ate mammals (squirrels, chipmunks), large mammals
(large weasels, bears), avian (jays, crows, etc.), and un
known.
Gap crossing data

Data on willingness to cross forest gaps were collected
using playbacks of Black-capped Chickadee (Poecile
atricapillus) mobbing calls. This mefhod has been used
successfully to elicit responses from a variety of species
(Desrochers and Hannon, 1997). At each site, two
sample points were established on the edges of the
ROW, 400 m apart. Playbacks were conducted during
two time intervals: 08:00-12:00 and 18:00-22:00, be
tween July 23 and August 9,1999. At this point in the
breeding season, most juveniles have fledged and are
moving around, and most adults are no longer territo
rial. The playbacks were conducted using a portable
cassette player with 5 W amplified speakers, set in
the forest within 2-3 m of the ROW edge. At one of
the sample points during each visit, volume was con
trolled (70 dB far side of ROW; digital sound meter), to
test whether choice to respond was influenced by the
perceived distance from the source.
During the 10-min playback interval, two observers
were stationed approximately 20 m on either side of
the sound source along the edge of the ROW, and
watched for birds arriving af or near the speakers. All
birds responding to the calls were recorded to species,
and classified as to their origin, i.e., whether they
crossed the ROW, or came from the forest adjacent to
the sound source. Birds observed or heard responding
from the opposite side of the ROW, but not crossing,
were also recorded. Each site was visited four times:
twice in the morning and twice in the evening, and
each point was sampled twice with controlled volume
and twice with uncontrolled volume.

errors, we use a = 0.10 for all tests (see Schmiegelow
et al., 1997). We used Bonferroni corrections for multi
ple comparisons when testing for pairwise differences.
Most passerine species, and the Yellow-bellied Sapsucker {Sphyrapicus various) were included in analyses,
but we excluded all corvids, raptors, grouse, waterbirds, and all other woodpeckers, as these species are
not adequately sampled using point counts. Differ
ences in bird community structure (species richness
and total abundance), between adjacent and control
stations, were examined using paired-samples tests,
with measures paired by site. Differences in the total
number of records for individual species with 10 or
more detections were tested using the same method.
The effect of ROW width was examined using only
counts from adjacent locations at each site.
Overall nest predation rates for each of the four
fransect types (varying distance from edge), and be
tween width classes for each transect type, were exam
ined using Mann-Whitney U tests.

RESULTS
Bird community

Neither the number of species (p = 0.250), nor total
abundance of birds {p = 0.402), differed between sam
pling areas adjacent to pipeline ROW and control areas
in large forests removed from human created edges
()! = 12 in both cases). There was also no significant
difference in the number of species detected at adja
cent locations between the four width classes of ROW
(p = 0.720; n — 3 for each width class). The total num
ber of bird detections, however, did differ with ROW
width (p = 0.096), with more individuals recorded ad
jacent to the narrowest ROW (15-16 m) than any of the
wider ROW (Fig. 3).

Data analysis

Species trends

All data were tested for normality prior to analysis,
and non-parametric tests were used where appropri
ate. To reduce the probability of committing Type II

Detection frequency was sufficient (10 or more) for
24 species. Differences in frequency of detection be
tween locations adjacent to ROW and control areas

434

W. Fleming and F.K.A. Schmiegehw

100
90
80
70
60
50
40
30

20
10
0
2

3

Row width

Fig. 3. Number of bird records at point count locations adjacent to
ROW of different width classes (increasing from class 1 to 4). Boreal
forest in Northwest Alberta, 1998 and 1999 (p = 0.096).

Table 1. Mean number of detections at adjacent vs. control counts
for seven species. Only significant results shown
Species

Black-capped Chickadee

Mean number
of detections

Z

P

adjacent

control

1.42

0.833

-1.725

0.084

1.00

1.58

-1.841

0.066

6.83

4.00

-1.942

0.052

0.583

0.167

-1.667

0.096

0.833

0.083

-2.060

0.039

0.583

1.33

-1.897

0.058

6.50

4.42

-1.976

0.048

Fig. 4. Records of (a) Black-capped Chickadee (p = 0.039) and
(b) Yellow Warbler {p = 0.068) at point count locations adjacent to
ROW of different width classes (increasing from class 1 to 4). Boreal
forest in Northwest Alberta, 1998 and 1999.

{Poecile atricapillus)
Golden-crowned Kinglet

{Regulus satrapa)
Least Flycatcher

[Empidonax mininnis)
Lincoln's Sparrow

{Melospiza lincolnii)
Magnolia Warbler

{Dendroica magnolia)
Mourning Warbler

{Oporornis Philadelphia)
Red-eyed Vireo

{Vireo olivaceus)

were found for seven species. Five species showed sig
nificant increases in forests adjacent to ROW, includ
ing Black-capped Chickadee, Least Flycatcher {Empidonax minimus), Lincoln's Sparrow (Melospiza lincolnii),
Magnolia Warbler (Dendroica magnolia), and Red-eyed
Vireo (Vireo olivaceus). Only two showed significant
decreases adjacent to ROW; Golden-crowned Kinglet
(Rcgidns satrapa) and Mourning Warbler (Oporornis
Philadelphia) (Table 1). Two species exhibited signifi
cant differences in detection across ROW width classes
(Fig. 4). Detections of the Black-capped Chickadee
declined with increasing ROW width (p = 0.039) and
detections of the Yellow Warbler {Dendroica petechia)
were greatest at intermediate widths {p = 0.068).
Nest predation

In total, 255 of the 960 artificial nests showed evidence
of predator activity over the 10 day period that each

was monitored (total predation rate = 26.6%). There
were no significant differences in predation rate be
tween transect types (nests placed at varying distances
from the ROW edge), across all width classes {p =
0.700). However, differences were apparent between
width classes, for transecfs immediafely adjacent to the
ROW {p = 0.029), and for nests placed along transects
50 m from the edge {p = 0.097) (Table 2). Pairwise tests,
adjusted for multiple comparisons, were significant
only for adjacent transects, between the narrowest (lb lb m) and 2 widest width classes (p = 0.056; p = 0.079,
32-34 m and >50 m, respectively).
Over half of the predators that attacked the artificial
nests were not identifiable, as, in many cases eggs,
or entire nests were removed. Small mammals (mice,
voles) were the most abundant identifiable predator
type, with small numbers of predators classified as
the other two mammalian size classes, or as avian
predators (Table 3).
Willingness to cross gaps

The mobbing calls were effective in attracting a vari
ety of species, including chickadees, sparrows, war
blers, vireos, thrushes and hummingbirds. However,
the overall response rate to our playbacks was very
low (6.5 birds/site, over 4 visits), and differences in
crossing rate (crossed/responded but did not cross)
were not apparent among width classes (Fig. 5). Inter
pretation of this data awaits more careful analysis.
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Table 2. Predation rate on artificial nests along transects (a) immediately adjacent to, and (b) 50 m into the forest from the edge, of ROW of
varying width. Data were collected in 1999, near Grande Prairie, Alberta, in the boreal mixedwood forest. Superscript indicates
homogeneous groups where detectable
(b) Transects 50 meters from forest edge

(a) Transects within five meters of forest edge
ROW width (m)

# predated

%

ROW width (m)

# predated

%

15-16’
22-24’ '2

5
18
20
19

8.3
30.0
33.3
31.7

15-16
22-24
32-34
>50

5
13
22
15

8.3
21.7
36.7
25.0

62

25.8

55

22.9

3 2 -3 4 2

>502

Table 3. Frequencies and percentages of each of the five predator
groupings over all transects. Data collected adjacent to ROW of
different widths in boreal forest south of Grande Prairie,
Alberta, 1999
Predator type
Unknown
Small mammal
Intermediate mammal
Large mammal
Avian
Totals

Frequency

Percent

131
73
23
12
16
255

51.4
28.6
9.0
4.7
6.3
100.0

I

IDid Not Cross

RoW Width
Fig, 5. Frequency of responses (crossed and did not cross) for all
species at edges of four width classes of ROW. Boreal forest near
Grande Prairie, Alberta, July and August, 1999.

DISCUSSION

Narrow, forest dividing corridors, such as pipeline
ROW, have not generally been perceived as a large
threat to wildlife, or to forest habitat. However, the vis
ible loss of habitat that results from a road or pipeline,
may represent only a small part of the picture when
considering the effects of these ROW on forest wildlife,
due to associated edge effects (Reed et al., 1994; Rich et
al., 1996). The density of linear disturbances is becom
ing very high in areas where resource extraction and

development are prevalent, and the potential problems
they present for wildlife are often difficult to assess.
Subtle changes in reproductive success along edges,
or in the ability of animals to disperse, may have far
reaching effects on long term viability of populations
of some animals, particularly in the case of species that
are naturally rare, or have limited dispersal ability.
We present evidence that some effects of pipeline
ROW do extend into the adjacent forest habitat. Over
all species richness was not influenced by either prox
imity to ROW or ROW width, however the total abun
dance of birds was highest adjacent to the narrowest
ROW. At the level of individual species, more species
occurred with significantly higher frequency adjacenf
to ROW, than with reduced frequency (5 vs. 2 species),
but our power to detect differences was generally low.
These results are somewhat contrary to our predic
tions, although in the analyses presented here we have
not differentiated forest-dependent from more gener
alist bird species. Such distinctions, by habitat, forag
ing and nesting guilds, will be made in future analy
ses of species diversity, species turnover and patterns
in abundance. This is important because changes in
community composition or the abundances of certain
groups of birds may represent the addition of species
that directly affect productivity, such as nest predators
or parasites (Ambuel and Temple, 1983; Schieck et al.,
1995).
Introducing a novel habitat type into a forest will
change the overall species composition of the area.
ROW are typically planted with commercial grass seed
mixes, which facilitates colonization by certain species,
such as some species of mice, and birds associated with
open areas. Our data indicate that some bird species
may be benefiting from the increases in forest edges
that border the grass dominated areas within the ROW
(see Table 1). The forest along the ROW edges had
increased abundance of several species, although ac
tual use of the grass dominated habitat in the ROW
themselves was limited to Lincoln's sparrows and
White-throated Sparrows {Zonotrichia albicollis). Whitethroated sparrows are the most abundant bird species,
and occur in almost all habitat types throughout the
study area. Lincoln's sparrows are not typically as
sociated with interior forest, and are likely becoming
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much more abundant in the areas where our study
sites were located, as a result of the ROW themselves.
This result is consistent with findings by Morneau et
al. (1999), who found that Lincoln's sparrows only oc
curred within ROW in their study sites in mixed forest
in Quebec. Our concern lies with forest dependent
species that may be affected by the changes in bird
community, either by edge avoidance or decreased
productivity. This change in the abundance of poten
tial predators and competitors may have a large effect
on forest birds nesting near ROW. Other studies have
emphasized the importance of the predator species
community in influencing nest predation rates (e.g.,
Nour et al., 1993; Haskell, 1995).
These factors may lead to a decrease in produc
tivity for birds that nest in forests near the ROW. If
birds do not perceive forests adjacent to ROW as be
ing unsuitable habitat, these may become population
sinks: areas where recruitment into the population is
lower than the death rate (Gates and Gysel, 1978). Over
long time periods, such habitat sinks may have effects
on regional populations of species. Existing pipeline
ROW are usually maintained in perpetuity, while new
ones are continuously added. When this is considered,
along with the existence and development of roads,
powerlines, seismic lines and openings created by the
forest industry, bird species that reproduce poorly in
areas near edges, may be hard pressed to find produc
tive breeding territories.
With respect to the ability of birds to cross ROW,
our results are inconclusive, although several species
did show unwillingness to cross even the narrowest
gaps. Other studies have shown that forest birds are
reluctant to cross gaps in forest cover. Desrochers
and Hannon (1997) found that gaps less than 30 m
in width had little effect on bird movements, but
wider gaps constrained movement significantly for
some species. They also found that wooded areas
strongly facilitated movements, by providing forested
detours around gaps; a situation which, at present,
does not exist on pipeline ROW in the study area. St.
Clair et al. (1997) also found that birds used forested
detours in winter, when they were available. If birds
do experience difficulty in crossing gaps caused by
ROW, due to the unbroken nature of most pipelines,
a ROW may effectively divide habitat, and therefore,
populations of wildlife. The dispersal of juvenile birds
after fledging could also be affected, compromising
their ability to locate potential breeding sites for the
following year (Matheson and Currie, 1996).

MANAGEMENT IMPLICATIONS AND FUTURE
RESEARCH

Given the rate and extent of linear disturbances in Al
berta's boreal forest, determining the effects of these
developments, and identifying potential mitigating

strategies, is an important management issue. With
respect to pipeline ROW, width is an obvious consider
ation. While creating several narrow ROW, in place of
a single, wide ROW, may result in the same amount of
absolute habitat loss for an equivalent level of pipeline
development (actual amount of forest removed), asso
ciated edge effects and barriers to movement might be
reduced.
We found that bird community structure was af
fected by the presence of ROW, and that nests adjacent
to narrow ROW experienced lower predation rates
than those adjacent to wider ROW. This latter result
suggests that wider ROW may contribute to greater
effective habitat loss, through reductions in reproduc
tive potential in adjacent forests. However, the changes
we observed in the abundance of some bird species in
forests adjacent to pipeline ROW of all sizes suggest
that even narrow linear disturbances may influence
community structure and dynamics. Rich et al. (1994)
documented strong effects of narrow forest-dividing
corridors, in a different forest type. The decision on
whether it is better as a conservation strategy to con
struct single wide vs. several narrower pipeline ROW
cannot be resolved by considering only local-level ef
fects. The continued addition of ROW of all types to the
boreal forest decreases the total available forest area,
as well as fragmenting the remaining forest, and re
gional patterns of development must be included in
the planning process, in order to ensure that some
undisturbed areas remain. As well, regional assess
ment of cumulative effects requires knowledge of other
resource development activities, particularly those as
sociated with forest harvesting. Many species of birds
considered most at risk from human-caused habitat al
teration are those that nest in relatively large tracts of
older forest. For instance, in the boreal forest region,
Schmiegelow and Hannon (1999) have documented
strong fragmentation effects for Black-throated Green
Warbler (Dendroica virens), a species of special concern
in the province of Alberta.
Much additional research is required on the re
sponse of wildlife communities to linear develop
ments. We have yet to fully assess our data with re
spect to changes in community composition, responses
of guilds, colonization of the ROW (novel habitat in
forested landscapes), and analysis of vegetation data.
However, these data will not directly address issues of
source/sink dynamics and barriers to dispersal, which
influence the regional persistence of populations. Fu
ture studies should focus on the specific effects of
changes in competitor and predator communities on
forest bird productivity in areas adjacent to ROW, the
penetration distances of such effects, and the will
ingness of birds to cross ROW of varying widths
during breeding, juvenile dispersal, and non-breeding
periods. Existing and planned wide ROW, containing
multiple pipelines, extend over long distances, and
if these developments represent movement barriers,
then construction of habitat corridors may be neces
sary to prevent population division.
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Ground Squirrel Re-colonization of
a Pipeline Right-of-Way in Southern Alberta
Richard D. Lauzon, Scott D. Grindal, and Garry E. Hornbeck

Ground squirrels are important in the prairie ecosystem as a prey base for carnivores, as well as
providing potential burrows for other species (e.g., burrowing owls). However, little is known
about the response of ground squirrels to pipeline construction, and any resulting impacts on
the prairie ecosystem. We investigated the effects of a recently constructed pipeline on the
density and distribution of Richardson's ground squirrel {Spermophilus richardsoni) burrows in
the dry mixedgrass ecoregion of southeastern Alberta. We predicted that ground squirrels would
be attracted to the ditchline (excavated area) of a pipeline right-of-way (ROW) because of the
reduced soil density, but would avoid the workspace (area of vehicle traffic) of the ROW because
of soil compaction. Burrow densities, vegetation cover (%), and vascular plant height were
estimated along a recently constructed (1997) pipeline ROW in the late summers of 1998 and
1999. Fifty sample plots (4 m x 100 m) were established in each of three treatment groups:
(1) native prairie, adjacent to the ROW; (2) ROW workspace; and (3) ROW ditchline. Burrow
densities increased during the first {x = 0.5 4 /plot) and second {x = 1 .3 /plot) years after pipeline
construction in the ditchline, but remained consistently low in the workspace (x = 0.48 and
0.38/plot). These values were approximately 14^7% of expected densities of burrows in adjacent
prairie control sites (x = 2.76 and 2.78/plot). After reclamation, vegetation cover was similar
for all three treatment areas (x = 51.2-66.1%), but vascular plant height tended to be greatest
on both the ditchline and workspace of the disturbed ROW (x = 41.4 and 37.2 cm, respectively)
than in the undisturbed native prairie (x = 18.2 cm). Our results suggested that ground squirrels
re-colonized the pipeline ROW shortly after construction, but areas of compacted (workspace)
soil are less suitable than excavated (ditchline) areas after two years. However, disturbed areas
in general associated with the pipeline ROW were used less than undisturbed native prairie.
This preference for undisturbed sites may be related to differences in both soil compaction and
vegetation cover and height. Although soil compaction may be difficult to mitigate, successful
reclamation of pipeline ROWs for ground squirrels may be increased by careful management of
vegetation, such that it approximates more closely to native prairie ground cover.
Keywords: Richardson's ground squirrel, Spermophilus richardsoni, pipeline construction, im
pacts

INTRODUCTION

The Richardson's ground squirrel (Spermophilus ri
chardsoni) is found in the northern Great Plains from
Alberta to Manitoba and south to northern Colorado
and they are an important species to the prairie ecosys
tem (Banfield, 1977; Burt and Grossenheider, 1976). For
Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

example, this species is important prey for a number
of mammalian, avian, and reptilian predators such as
the ferruginous hawk, Swainson's hawk, prairie fal
con, badger, coyote, red fox, western rattlesnake, and
bull snake (Banfield, 1977; Hunt, 1993; Michener, 1979;
Michener, 1995; Pattie and Hoffmann, 1992; Schmutz,
1993; Schmutz et al., 1980). The burrows constructed
by the Richardson's ground squirrel provide essential
nesting, cover, and hibernating habitat for burrowing
owls, snakes, and amphibians (Banfield, 1977; Kon
rad and Gilmer, 1984; Pendlebury, 1977; Russell and
Bauer, 1993; Wellicome and Haug, 1995). Therefore,
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disturbances that affect the abundance and distribu
tion of Richardson's ground squirrels would also affecf
a number of ofher species on the prairies.
Resource extraction on the Canadian Prairies is
prominent landuse activity and pipelines constructed
to transport oil and gas are an environmental concern
because of the short and long-term affects these de
velopments may have on the prairie ecosystem. There
development effects may include disturbance to soil
profiles and compaction, and impacts to vegetation
composition and structure.
The Express pipeline is a 434 km large diame
ter pipeline that extends from Hardisty fo Wildhorse,
AB. This pipeline was consfrucfed during fall 1996
with reclamation activities continuing through sum
mer 1997 (Express Pipeline, 1997). Initial wildlife sur
veys were conducted in 1995 and 1996, prior to con
struction (AXYS Environmental Consulting Ltd., 1995,
1996).
Express Pipeline committed to studying the ef
fects of pipeline consfruction on the abundance of fhe
Richardson's ground squirrel on fhe reclaimed rightof-way (ROW) and initiated a five-year monitoring
program to determine these effects. In this paper, we
discuss the results of the first three years of fhis mon
itoring program. We predicted that ground squirrels
would be attracted to the ditchline (excavated area) of
a pipeline ROW because of fhe reduced soil density,
but would avoid the workspace (area of vehicle traffic)
of the ROW because of soil compacfion. The vegetafion
growing on the ROW may have an affect on the recolo
nization of the ROW by ground squirrels. We predicted
that the taller vegetation growing on the ROW would
inhibit recolonization by ground squirrels.

STUDY AREA

This study was conducted in southeastern Alberta,
northwest of Medicine Haf (Pig. 1). The Dry Mixedgrass Subregion is fhe warmest and driest area in
Alberta. It has a continental climate with cold winters,
warm summers and low precipitation. Two-thirds of
the annual precipitation occurs as rain, primarily in
June. Warm summer temperatures, low precipitation,
and strong winds produce high potential evapotranspiration deficits. Dry summer conditions, coupled
with low winter temperatures and shallow snow cover
severely limits plant growth (Achuff, 1994). The result
ing vegetation is a mixture of shorf and mid height
grasses in the uplands, shrubs on protected north faces
or in seepage areas, and trees along streambanks and
river floodplains (Strong, 1992).

METHODS
Preliminary sampling plots

To establish sub-sample areas along the 434 km length
of pipeline, preliminary sampling was conducted prior

to construction in 1996. A ground squirrel burrow
survey was conducted along the entire length of fhe
Express Pipeline for each quarter section of native
prairie within a 2 m wide corridor along the centerline
of the pipeline. The results of this surv'ey indicated
that ground squirrels within the ROW were patchy
in occurrence and variable in density where they
occurred.
Data from the 1996 burrow counts was highly vari
able (mean burrow density 15.12 burrows/4000 m^ ±
10.16). Based on this information, it was possible to
predict that within high density ground squirrel habi
tat, a sample plot of 4 m by 100 m (400 m^) would
encounter at least 1.5 burrows, and the standard de
viation of the estimate would be approximately 1.3.
With this information, and an a priori level of accept
able error that was selected to estimate burrow density
within 20% of the mean, the target number of sample
plots was determined to be approximately 54:
Confidence level

Required sample size

80%

90%

95%

99%

33

54

77

133

Long-term monitoring plots

The long-term monitoring program was implemented
in three localized areas of fhe Express Pipeline based
on fhe 1996 preliminary sampling (Pig. 1). These three
areas had similar vegetation and soils characteristics
and had sufficient ground squirrel burrow densities to
conduct this study. The sampling plots for fhe longferm monitoring program were initially established
during late August 1997.
The size of individual sample plots was constrained
by the dimensions of fhe difchline, which was a
relatively narrow strip of unconsolidated soil, about
2-3 m wide. At the same time, sample plots needed
to be sufficiently large in total area to encompass the
low density of burrows on the landscape. However,
very large narrow sample plots can be expected to
yield imprecise counts (i.e., plot locations tend not
to be reproducible annually, which introduces large
boundary errors), while very small sample plots can
be expected to yield a large number of zero burrow
counts, which are problematic for statistical analysis.
Fifty sample plots centered on ditchline were lo
cated at alternating 100 m intervals (200 m between
beginning of each sample plot), with the other treat
ment plots being established in parallel positions on
adjacent workspace and undisturbed prairie (Fig. 2).
Irregularities in topography required that the inter
vals between some plots varied from 100 m (range
50-500 m).
In order to accurately locate sample plots each year,
the three treatment plots (ditchline, workspace, and
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■ - - - 'Express
Pipeline
-Highway 884
- Highway 1
□ Sample Area

Fig. 1. Location of the study area sho'wing the three ground squirrel monitoring sample areas.

prairie) were marked with a single wooden 1" by 4"
stake at the southwest corner of each plot and a single
stake at the northwest corner of the Ditchline plot
(Fig. 2). Plot stakes were pounded into the ground
to near ground level to prevent damage by cattle or
vehicles. Each stake was painted fluorescent orange
and a metal numbered tag was attached to the prairie
stake to identify individual sample locations. At each
sample location, workspace and prairie treatment plot
stakes were laid using the ditchline sample plot stake
as a reference point. The ditchline sample plot stake
was pounded into the ROW about 1 m inside (east of)
the west boundary of the area stripped of topsoil over
ditchline. The distance to the workspace and prairie
plot stakes varied among individual sample locations
depending upon changes in ROW stripping methods
(e.g., blade width vs. full width stripping).

Burrow counts

All burrows present within the sampling plots of each
treatment were filled during initial establishment of
plots in 1997 with soil or duff from areas adjacent to the
burrow so that only new burrows would be counted
the following year. Burrows were filled during sub
sequent years to ensure that only new burrows were
counted during each year of sampling. Burrow counts
were conducted at all plots during late August/early
September in 1998 and 1999.
Vegetation sampling

At the 25 and 75 m mark of each treafment plot,
vegetation parameters were collected with a 0.5 m
by 0.5 m frame, 1 m from the west edge of the plot.
Parameters collected included the percent of vascular
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Fig. 3. Mean (+1 SE) burrow density for ground squirrels after the
first (1998) and second (1999) years of pipeline ROW construction in
southeast Alberta. Means with the same letters are not significantly
different (p > 0.05).

ground squirrel burrows and vegetation characteris
tics (% vegetation cover, % bare ground, vegetation
height). We conducted Tukey's multiple comparisons
when main effects were significant.
Pearson correlations were used to test relationships
between the abundance of ground squirrel burrows
and vegetation characteristics (% vegetation cover, %
bare ground, vegetation height). We used Statistica®
(StatSoft, 1997) for all statistical analyses, employing an
a level of 0.05.

RESULTS

Ditchline plot is 1 m east of the edge of the stripping along the west
boundary of the ROW. Workspace and Prairie plots are measured
eastward from the Ditchline plot stake. The distance to Workspace
and Prairie stakes at each sample location varries according to the
width of ROW stripping. The stakes are 1" by 2" w'ooden stakes
pounded in to leave about 2" to 3" abo\'e ground and painted
florescent orange. This shallow height above ground helps pre\'ent
breakage by cattle and vehicles. Each series of plots is identified by
a metal numbered tag affixed to the Prairie plot stake.
Fig. 2. Configuration of ditchline, workspace, and prairie sample
plots.

plant cover, the percent of bare ground and the average
height of vegetation within the frame.
Statistical analysis

Since reclamation, the final phase of construction, was
completed during summer 1997, data from this year
was not included in the analysis. Two-way Analyses
of Variance (ANOVA; Zar, 1984) tests were used to
examine the effect of year (i.e., time since pipeline
construction) and sample type (ROW ditchline, ROW
workspace, undisturbed prairie) on the abundance of

Burrow densities differed significantly between sam
ple types (F = 48.9; df = 294,2; p < 0.001), but not
between years (F = 1.2; df = 294,1; p = 0.27; Fig. 3).
Burrow densities tended to increase during the first
(.V = 0.54/plot) and second (.r = 1.3/plot) years af
ter pipeline construction in the ditchline (although
not significantly), but remained consistently low in
the workspace {x = 0.48 and 0.38/plot). These burrow
densities in the pipeline ROW were significantly less
(14—47%) than expected in adjacent prairie control sites
{x = 2.76 and 2.78/plot; Fig. 3).
The abundance of ground squirrel burrows was
positively correlated with percent vegetation cover
(r = 0.16, p = 0.007), and negatively correlated with
percent bare ground (r = —0.34, p < 0.001) and vege
tation height (r = —0.21, p < 0.001).
Both vegetation cover and height differed signif
icantly between sample types (cover: F = 15.2; df =
294,2; p < 0.001; heighf: F = 46.9; df = 294,2; p < 0.001)
and between years (cover: F = 19.9; df = 294,1; p =
0.27; height: F = 38.6; df = 294,1; p = 0.27; Figs. 4
and 5). A marginally insignificant interaction existed
between year and sample type (F = 2.7; df = 294,2; p =
0.071) for vegetation height. Vegetation cover on the
pipeline ROW (x = 39.9-58.5%) was similar to that of
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0 1 Year After Construction

0 1 Year After Construction
| 2 Years After Construction

D

RoW Dhchline

RoW Workspace

Undisturbed Prairie

RoW Ditchline

RoW Workspace

Undisturbed Prairie

Sample Type

Sample Type
Fig. 4. Mean (+1 SE) vascular vegetation cover after the first (1998)
and second (1999) years of pipeline ROW construction in southeast
Alberta. Means with the same letters are not significantly different
{p > 0.05).

Fig. 6. Mean (-1-1 SE) bare ground after the first (1998) and second
(1999) years of pipeline ROW construction in southeast Alberta.
Means with the same letters are not significantly different (p > 0.05).

DISCUSSION
0 1 Year A fter Construction
^

RoW Ditchlinc

■ 2 Years A fter Construction

RoW Workspace

Undisturbed Prairie

Sample Type
Fig. 5. Mean (+1 SE) vascular vegetation height after the first (1998)
and second (1999) years of pipeline ROW construction in southeast
Alberta. Means with the same letters are not significantly different
(p > 0.05).

the native prairie (x = 57.1-66.1%) in both years 1 and
2 following construction (Fig. 4). However, vegetation
height was significantly greater in both the ditchline
and workspace of the disturbed ROW, than in the
undisturbed native prairie for both years (Fig. 5). Veg
etation height also increased significantly from year 1
to year 2 after pipeline construction in the ROW, but
not in the native prairie (Fig. 5).
The amount of bare ground differed significantly
between sample types (F = 195.7; df = 294,2; p <
0.001) and between years ( f = 46.6; df = 294,1; p <
0.001; Fig. 6). There was also a significant interaction
between year and sample type ( f = 6.1; df = 294,2;
p < 0.005). Similar to vegetation height, the amount of
bare ground was significantly greater in the ditchline
and workspace of the pipeline ROW than in the native
prairie. Correspondingly, the amount of bare ground
decreased significantly on the ROW (Fig. 6) with the
increase in vegetation cover (Fig. 4) between years.

Although soil density measurements were not col
lected in the workspace and ditchline plots, we assume
that the soil in the excavated ditchline plots will be
uncompacted and the soil in the workspace will be
compacted due to the large volume of traffic during
construction.
Our data suggests that there was an insignificant
difference between the burrow densities in ditchline
plots and workspace plots. Ground squirrels are sub
strate burrowers and therefore, we anticipated that
ground squirrels would prefer areas with uncom
pacted soil (ditchline plots) rather than areas with
compacted soil (workspace plots) because it would re
quire less effort to construct burrows. Although our
data currently shows no significant difference between
ditchline and workspace plots, we suspect that these
results may be confounded by the tall vegetation grow
ing on the ROW.
Growth characteristics of the vegetation on the
ROW may inhibit the recolonization by ground squir
rels. Typically, the vegetation on the ROW consisted
of weedy species such as kochia {Kochia scoparia) and
Russian thistle (Salsola kali) as well as tall grass species
such as slender wheatgrass (Agropyron trachycaulum).
Native plant species, typical of the area were seeded
and were present as well but at the time of this
study they occurred at lower densities. Two years after
reclamation, the height of vegetation was significantly
higher than that of the adjacent native prairie.
The Richardson's ground squirrel is a grassland
species with a habitat preference influenced by veg
etation height. This species prefers grasslands with
low vegetation providing an adequate view of the
surrounding habitat so that predators can easily be de
tected (Pattie and Hoffmann, 1992). Tall vegetation is
avoided because predators can hide amongst the veg
etation and aerial predators such as hawks can easily
see prey.
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A study to evaluate the re-introduction of Richard
son's ground squirrels at a sight near Picture Butte,
Alberta, showed that vegetation height was a key com
ponent of ground squirrel habitat (Michener, 1995).
During this study, it was found that predators used
tall cover to ambush ground squirrels and it was not
until grazing was introduced that the population grew
and expanded into adjacent areas. Recommendations
for successful re-introductions included maintenance
of short vegetation by burning, mowing, or grazing
(Michener, 1995).
Ground squirrels are expected to use this ROW
more frequently once native species become dominant
and the height of vegetative cover is reduced. Weedy
pioneer species as well as species seeded specifically to
provide immediate cover on the ROW will dominate
the vegetative cover of a newly reclaimed ROW for
a period of at least two years. Eventually, the native
species are expected to become more dominant and
weedy species and species like slender wheatgrass will
become less prevalent.

RECOMMENDATIONS

After pipeline construction is complete, the ROW must
be reclaimed to as near existing conditions as possi
ble. Reclamation procedures balance numerous envi
ronmental concerns such as wind and water erosion,
preservation of native prairie, preservation of rare
plant and wildlife resources, replacement of wildlife
habitat, and landowner concerns. To promote the recol
onization of the ROW by ground squirrels, a number
of mitigative options are available including adjusting
seed mixes, mowing, or grazing.
Seed mixes used to reclaim a pipeline ROW incor
porate seeds of species native to that area as well as
species that will colonize the ROW quickly to provide
cover, preventing water and wind erosion. Slender
wheatgrass, a species used as a cover species, provides
tall cover that is not suitable for ground squirrels. The
seed mix could be revised by reducing the seeding rate
of slender wheatgrass and other tall plant species in
the seed mix thereby reducing the height of cover on
the ROW.
Weeds are pioneer species that quickly colonize
disturbed areas such as pipeline ROWs. Regardless of
the seed mix used, weeds will dominate the ROW for
at least a few years, reducing the habitat capability for
ground squirrels. Mowing and/or grazing may reduce
the height of cover on the ROW so that it more closely
resembles the native prairie condition.
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H igh w ay Im p ro vem en ts to M in im ize
E nviro nm en tal Im pacts w ithin
th e C an ad ian R ocky M oun tain N ational Parks

T.M. McGuire and J.F. Morrall

T h is p a p e r d e scrib e s tw o h ig h w a y e n g in e e rin g te ch n iq u es th a t h a v e b een d e v e lo p e d o r a d o p te d
to m itig a te th e u n iq u e e n v iro n m e n ta l im p a c t h ig h w a y s a n d ro a d s h a v e w ith in C a n a d ia n R o ck y
M o u n ta in N a tio n a l P a rk s, w h ich a re also W o rld H e rita g e S ites. T h e first is th e d e v e lo p m e n t of
th e p a ss in g lan e s y s te m o n th e T ran s C a n a d a H ig h w a y in th e R o ck y M o u n ta in P a rk s to d e fe r
fo u r-la n in g (tw in n in g ). T h e s e co n d e x a m p le is th e tw in n in g o f 1 8 .6 k m o f th e T ran s C a n a d a
H ig h w a y w ith in B an ff N a tio n a l P ark . T w in n in g re p re s e n ts a lo g ica l n e x t ste p fo llo w in g th e
p a ss in g lan e p h a se . T h e p a p e r d e scrib e s h o w h ig h w a y im p ro v e m e n ts w e re d e v e lo p e d to a d d re ss
a n d m itig a te n u m e ro u s p o te n tia l tw iim in g im p a c ts id en tified d u r in g e n v iro n m e n ta l a sse ssm e n t.
In clu d e d w ith in th e e n v iro n m e n ta l m itig a tio n w e re a s e rie s of m e a s u re s , s u ch as fe n cin g an d
a n im a l c ro s s in g s tru ctu re s , to a d d r e s s w ild life m o v e m e n t, b io d iv e rsity , a n d m o rta lity as w ell as
s tre a m , te rra in , a n d v e g e ta tio n d istu rb a n ce m in im iz a tio n tech n iq u es. R e s e a rc h h a s fo u n d th a t th e
m itig a tio n m e a s u re s h a v e b e e n effectiv e in re d u c in g w ild lif e /v e h ic le co llisio n s b y 9 7 % fo r so m e
sp e cie s.

K eyw ords: H ig h w a y s , n a tio n a l p a rk , e n v iro n m e n t, m itig a tio n s

INTRODUCTION

Parks Canada is responsible for the maintenance and
repair of approximately 1200 lane km of highways and
roads within the Canadian Rocky Mountain National
Parks of Banff, Yoho, Kootenay, Jasper, Glacier, and
Mount Revelstoke National Parks within the provinces
of Alberta and British Columbia. Of this total, approx
imately 500 lane km are major through highways that
are part of provincial highway systems including the
Trans Canada Highway (TCH).
The TCH and other major highways passing
through national parks are part of a national trans
portation system that responds to transportation ob
jectives and demands that are not always compatible
with national park objectives. Major transportation
corridors can have a number of damaging impacts on

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

park environments. They act as barriers to natural an
imal movement and are a source of mortality. Exhaust
emissions contribute to declining air quality, particu
larly in valley bottoms. Routine winter maintenance
requires gravel and salt. Extracting gravel from park
land damages habitat and alters the natural landscape.
Spills of hazardous materials can occur accidentally
in transportation corridors. Previous road construction
has resulted in changes to alluvial fans, natural wa
ter channels, and seasonal processes such as flooding.
In turn, this affects aquatic habitat, nutrient and pro
ductivity levels, seasonal fish movement, erosion rates,
and water quality.
Development within National Parks

Any proposed development in the Canadian National
Parks, including highways, is subject to the most rigor
ous environmental assessment procedures in Canada
as outlined within the 1992 Canadian Environmental
Assessment Act (CEAA). This, along with the National
Parks Act (NPA), 1930, subsequent amendments and
1994 policy statement stressing the ecological role of

448

TM. McGuire and /.F. MorraU

national parks, provide the basic guidelines for high
way improvements. The Canadian National Parks Act
states that "The Parks are dedicated to the people of
Canada for their benefit, education, and enjoyment...
such parks shall be maintained and made use of so as
to leave them unimpaired for the enjoyment of future
generations." The Act further stresses that ecological
integrity through the protection of natural resources
shall be the first priority in the consideration of visitor
use.

PASSING LANE SYSTEM ON THE TRANS CANADA
HIGHWAY

The Trans Canada Highway (TCH) is the major route
that transverses the Canadian Rocky Mountain Parks
of Banff, Yoho, Glacier, and Mount Revelstoke and
provides access via the Icefields Parkway to Jasper
National Park and the Yellowhead Highway and to
Kootenay National Park via Highway 93 South within
the provinces of Alberta and British Columbia. The
TCH was officially opened in 1962 and at 7900 km
in length is the longest paved highway in the world
stretching from Pacific to Atlantic Oceans. The TCH
was constructed as a two-way, two-lane highway, with
3.65 m lanes and 3.0 m paved shoulders. The design
speed is 113 km/h and the nominal posted speed is
90 km/h, although posted speeds vary between 60 and
90 km/h. The highway passes through level, rolling
and mountainous terrain.
Traffic volumes on this section of the TCH vary
from a high Annual Average Daily Traffic (AADT)
of 14,870 in 1997 at the Banff East Gate to a low of
4400 in Yoho. Summer Average Daily Traffic (SADT)
in 1997 at both locations were 21,580 and 8380 in Banff
and Yoho, respectively. Historical traffic data indicate
a long term linear growth trend of 2-2.5% per annum
(Parks Canada, 1999).
Traffic composition varies widely depending on sea
son and time of day. Recreational vehicles can account
for up to 25% of the traffic stream during daylight
hours in sum m er months. H eavy trucks (sem i-tractor

trailers and combination units such as B-trains) can ac
count for up to 50% of the traffic stream at night during
winter months on the TCH in Glacier National Park.
Passing/climbing lane system

It is recognized that four laning (twinning) of the TCH,
through the Rocky Mountain Parks may be inevitable
in the very long term. The overall strategy adopted by
Parks Canada is to extend the design life of the TCH as
long as possible as a two-lane facility subject to main
taining safety and an acceptable level of service. This
has been accomplished by constructing a passing lane
and climbing lane system and intersection improve
ments. The passing lane program will be followed by

sequential twinning and grade separation of critical in
tersections.
Parks Canada pioneered the concept of a system
of passing/climbing lanes in the early 1980s (Morrall
and Blight, 1985). This was a departure from previ
ous highway engineering practice, which considered
only isolated climbing lanes on long steep upgrades.
During the early days of the passing lane project,
conventional highway engineering studies continually
rejected passing lanes in favor of twinning. Analy
sis procedures of the day, such as the 1965 Highway
Capacity Manual (HCM) (Highway Research Board,
1965), had served for two decades as the primary guide
for determining the level of service on two-lane high
ways. The level of service analysis procedures in the
1965 HCM manual did not account for the effect of
passing lanes on level-of-service. Therefore, it is not
surprising that previous studies of the TCH (Trans
port Canada, 1985) rejected passing lanes in favor of
twinning. Although the then just released 1985 High
way Capacity Manual (Transportation Research Board,
1985) included a number of refinements, such as the
introduction of percent time delayed, average speed
instead of operating speed, and the effect of directional
split, in determining the capacity and level of service
on a two-lane highway, the procedures still did not ac
count for the effect of passing lanes on level of service.
In order to determine the need for passing lanes,
and their effect on the level of service, a traffic simu
lation model of the TCH was utilized (Morrall, 1987).
The simulation model used was the TRARR (Traffic
on Rural Roads) model developed by the Australian
Road Research Board (Hoban et al., 1985). The over
all objective of the level of service analysis was to
determine if the TCH, with low-cost operational im
provements such as passing lanes and intersection
improvements, could provide an acceptable level of
service until the twinning was required (Morrall and
Thompson, 1990).
The need and location of passing lanes on the TCH
was based on a criteria of 60% time spent following,
which corresponds to level of service C in the 1985
Highway Capacity Manual (Transportation Research
Board, 1985). In Glacier National Park, identification
of potential passing lane locations was also based on
the need to increase traffic storage capacity to hold
vehicles safely during avalanche stabilization as well
as the aforementioned level of service criteria (Morrall,
1991).
The passing/climbing lane system on the TCH in
the four Mountain Parks consists of 29 auxiliary lanes,
as summarized in Table 1, providing an average spac
ing of 8.3 km, and 9.1 km between assured passing
opportunities eastbound and westbound, respectively.
While passing lanes and climbing lanes are classified
as auxiliary lanes, they have two distinct functions.
A climbing lane is an auxiliary lane provided for
the diversion of slow vehicles from the through lane
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Table 1. Passing and climbing lane system on the Trans-Canada
Highway in the Mountain National Parks
Mountain National
Park

Number of
passing and
climbing lanes

Length of Total highway
length in park
system
(%)
(km)

B a n ff^

Eastbound Direction
Westbound Direction

1
3

2.24
4.50

10.2
18.0

6
5

17.30
9.01

37.7
19,6

7
5

13.83
9.63

31.4
21.8

1
1

1.97
0.93

15.4
7.3

Y oho

Eastbound Direction
Westbound Direction
G la c ie r

Eastbound Direction
Westbound Direction
M o u n t R e v e ls to k e

Eastbound Direction
Westbound Direction
Total number

29

^Phase IIIA TCH twinning has replaced 2 passing lanes in Banff
reducing the passing lane system from 6 to 4.

and hence the passing of slow vehicles on upgrades.
A passing lane is an auxiliary lane to improve pass
ing opportunities that are restricted due to roadway
geometry, downhill grades, or lack of adequate gaps
for passing in the oncoming traffic stream. A passing/climbing lane system consisting of 12 auxiliary
lanes has been constructed on the Kootenay Park
way, and passing/climbing lane systems are under
development for the Icefields Parkway and Yellowhead Highway in Jasper National Park.
The effect of the passing lane system has resulted
in a 6-7% reduction in percent time spent following
in the 500-700 veh/h range, thereby keeping the
overall percent time spent following less than 60%
and hence by definition, level of service C. A more
important impact of the passing lane system is a 2025% increase in the number of overtakings in the
500-700 veh/h range (Morrall and Thompson, 1990).
An unique aspect of the passing lane system on the
TCH are two downgrade passing lanes located on long
downgrades in Glacier and Yoho National Parks.
Construction of the passing lanes involved shift
ing the highway centerline by approximately 1.75 m
and constructing pavement widening on one or both
sides depending on terrain, environmental constraints
and existing shoulder width. Shoulder widths were
reduced to 1.2 m in the passing zone to minimize
environmental impacts and costs. Costs were approxi
mately $90,000/km Cdn for widening on one side and
about $125,000 Cdn for widening on both sides, ex
cluding final full width overlay. Full width overlay of
highway once widened, added another $150,000/km
Cdn. Depending upon the selected option, costs range
between one tenth and one quarter the cost of twinning
(excluding environmental mitigations).
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HIGHWAY TWINNING
Project description

The need for twinning is based on maintaining an
acceptable level of service and highway safety. The
passing lane system on the TCH helped extend the
design life of the highway as a two lane facility by
approximately 15 years. However, steadily increasing
commercial, private, and tourist traffic have ultimately
led to the need to commence twinning the TCH in
Banff in phases over the past decade (Parks Canada,
1995). The latest 18.6 km stretch between Sunshine and
Castle Mountain Interchanges, and known as Phase
IIIA, was completed in 1998.
This section of the TCH prior to twinning comprised
two lanes with passing lanes added in the early 1980s
utilizing existing shoulders to enhance the level of
service as part of the strategy to extend the design
life of the TCH. Accident rates were higher than the
average Canadian two-lane highway, and double that
on the adjacent four-lane divided section. A level of
service (LOS) analysis determined that for 2000 h
of the year the highway was operating at LOS D
and E which affected 1.6 million vehicles or 54% of
the yearly volume of 3 million vehicles. Thus this
section of the TCH was operating well below the
design LOS C. During summer months, daily volumes
between 18,000 and 20,000 veh/day were recorded on
a regular basis. In addition, this section had a high
wildlife collision mortality, affecting the safety of the
driving population as well as the animal population
(Parks Canada, 1995).
The phase IIIA twinning project involved the con
struction of 18.6 km of rural divided freeway with a
design speed of 110 km (posted at 90 km/h). The crosssection for each carriageway consists of two 3.7 m
lanes, a 3 m outside shoulder, 2 m inside shoulder, and
variable median widths averaging 14 m. Grades do
not exceed 3% and the alignment was carefully fitted
into the existing topography while making use of the
existing two-lane highway. The east and west carriage
ways are separated by a grass median for a length of
14.1 km, by a treed median for a length of 3 km, and by
a concrete barrier median for a length of 1.5 km. Con
structed at a cost of $31 Cdn million, approximately
30% or $9.2 million was for environmental assessment
and mitigation measures.
Environmental challenges and mitigation measures

The design and implementation of such a large scale
project in an environmentally sensitive and high pro
file setting as Banff National Park created a wide vari
ety of challenges. The importance of addressing these
challenges is reinforced by Parks Canada's legislated
requirement to give the maintenance of ecological in
tegrity and biological diversity the highest priority in
management and administration of the parks. An ex
tensive environmental assessment and public review
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process, lasting over two years, was undertaken prior
to project approval. The main areas of environmental
concern related to the project included potential effects
on wildlife, vegetation, and aquatics, measuring suc
cess of any measures introduced to minimize effects as
well as employing sustainable construction practices
reflective of a national park setting.
Wildlife

The highway follows along the bottom of the Bow
River Valley, through a relatively rare montane ecosys
tem. The project area provides valuable habitat for a
wide variety of wildlife species, including elk, deer,
moose, wolf, black and grizzly bear, cougar, lynx, coy
ote, wolverine, and a number of small mammals, birds,
reptiles, and amphibians. The primary concern result
ing from the interaction between the highway and
wildlife is the potential for vehicle/wildlife collisions,
with resulting wildlife mortality, as well as human in
jury or fatality. Although ungulates represent the high
est proportion of animals killed, population impacts
are thought to be most severe for rare or uncommon
species with low reproductive rates, such as wolf, bear,
and cougar.
The problem of wildlife mortality resulting from
vehicle collisions was addressed through the installa
tion of 2.4 m high wildlife exclusion fencing along the
right-of-way. The fence height has proven adequate to
prevent most species from jumping or climbing the
fence. The fence is located as close to the highway as
allowed by traffic safety clear zone requirements and
logistical constraints, except in a few areas with high
aesthetic values. The fence fabric has a reduced mesh
size varying from 150 mm square to 50 mm x 150 mm
at the bottom to reduce intrusion by smaller animals.
A variety of wildlife species have been known to pen
etrate the exclusion fencing on previous projects by
pulling up or digging beneath the fence. To reduce this
potential problem, a 1.5 m chain link fencing apron
was attached to the fence and buried at a 45° angle.
Total cost of exclusion fencing was approximately $1.9
million Cdn with the buried apron representing 15% of
this cost.

Fig. 1. Animal overpass.

The use of fencing creates a barrier to movement
for many species that require different, widely sep
arated habitats during different seasons and phases
of their life cycles. Due to concern over the effects of
this habitat fragmentation on such rare or uncommon
species, it was decided to try a particularly innovative
approach to increasing the opportunities for wildlife to
safely cross the Trans-Canada Highway. Two wildlife
overpasses, each 50 m in width, and costing $1.75 mil
lion each, were constructed at locations determined
by research and wildlife/vehicle accident data to be
wildlife movement corridors (shown in Fig. 1). The
structures were built of pre-cast concrete arches off
site to allow rapid construction with minimal site and
traffic disruption. Figure 2 provides cross-sectional di
mensions for these structures. The concrete head walls
at the ends of the structures were cast-in-place using
coloured concrete to match the large native boulders
salvaged from the project site which were used to re
tain earth fill between, above, and on approaches to the
arches. Fill salvaged from the project was used to cre
ate gentle approaches to the structures as well as 2 m
high berms along the outside of the structures to re
duce traffic noise and visual disturbance. Approaches
were shaped to retain maximum amounts of exist
ing vegetation. Native trees and shrubs indigenous to
Banff National Park were planted on and around the

Fig. 2. Cross sectional dimensions of animal overpass structure.
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overpasses to provide wildlife cover and reduce aes
thetic impacts.
In addition to the two overpasses, 14 underpass
structures of varying size provide additional cross
ing opportunities for a range of wildlife within this
18.6 km stretch of highway. These underpasses include
two walkways in association with major creek crossing
structures, three 4 by 7 m elliptical steel culverts, and
four 3 by 2.4 m concrete box structures. Most under
pass approaches have been designed and landscaped
to provide maximum vegetative cover and have earth
berms protecting the approaches from traffic noise and
visual disturbance.
Vegetation and aquatics

The project had the potential to negatively impact both
rare vegetation and aquatic resources through direct
habitat loss and the introduction of potentially harmful
surface run-off including winter road maintenance salt
into sensitive vegetated wetland areas, streams, and
the Bow River. The alienation of valuable existing
montane that comprises only 4% of Banff National
Park's 6640 km^ but where the majority of flora and
fauna occur was also of prime concern.
Reduction in right-of-way width and avoidance of
wetlands were achieved through careful alignment
design, strict clearing limits, varying cut/fill slopes
to lie between 2 to 1 and 3 to 1, and use of steep
rock fills. These allowed the potential impacts to be
minimized. Colonies of rare plants were marked and
brought to the attention of equipment operators to
avoid disturbance.
The National Parks Act precludes the introduction
of non-native species into park lands. Hence seeds
and cuttings were collected from native shrubs and
trees along the road right of way and were used to
start 49,000 seedlings within greenhouses that were
subsequently planted to help rehabilitate disturbed
slopes affected by construction. Disturbed areas were
seeded with native grass mixture specially formulated
from commercially available species but which were
reflective of the native grasses found in the project
area.
Through much of the project area, the highway
is in close proximity to the Bow River, as well as
numerous sensitive wetlands. The Bow River system
provides habitat for a variety of species, including
endangered populations of native bull trout and west
slope cutthroat trout. Associated wetlands provide
habitat for waterfowl, semi-aquatic mammals, and
amphibians.
The highway was designed to avoid encroachment
on the Bow River and to minimize disturbance to
streams and wetlands in areas adjacent to the project.
This was primarily accomplished through the use
of steep fills of coarse rock or pre-cast, colored and
textured concrete reinforced earth retaining walls to
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match nearby rock. In the few cases where encroach
ment on wetlands could not be avoided, a no net loss
objective was applied. A wetland habitat area, equiv
alent to wetland areas disturbed during construction,
was built at a site near the new highway. It is ex
pected to provide habitat for amphibians, waterfowl,
and small mammals.
A variety of measures were undertaken to reduce
potential negative effects during the installation of cul
verts and stream crossings by timing work to avoid
critical fish life phases and fully spanning the wetted
perimeter of stream banks. To reduce both short and
long term construction effects on water quality and
aquatic resources, drainage was designed to flow into
vegetated areas rather than into water bodies. Where
this was not possible, settling basins or ditch blocks
were built to allow settlement of suspended materi
als from road surface runoff, and to contain hazardous
material spilled during accidents. To reduce poten
tial siltation caused by construction activities from
entering streams and the rivers, settling ponds, ditch
blocks, straw bales, and geotextiles were installed as
required to slow and filter water through disturbed ar
eas. Culverts carrying water year round were installed
at gradients compatible with fish passage, and culvert
bottoms and outlets were lined with rock to reduce
erosion and eliminate drops that could prevent fish
passage.
Sustainable construction practices

The physical beauty of the project area and surround
ing landscapes is a primary reason for Banff National
Park's popularity and status. Maintaining the aesthetic
integrity of the project site and views were an impor
tant consideration during project design and construc
tion as was maintaining a minimum level of service C
traffic flow through the construction area. The project
traverses a variety of terrain types, including steep
earth and rock slopes. Opportunities to avoid difficult
terrain were limited by the proximity of the Bow River
on one side of the highway, steep side slopes on the
other, and a requirement to minimize the areal extent
of disturbance and resultant habitat loss.
Tree clearing limits were designed to reduce distur
bance while avoiding long straight edges, particularly
in dense, uniform pine stands. Clearing edges were
modulated to follow natural landforms. Tree limbs,
stumps and non-merchantable debris were chipped
and stockpiled for composting and use in future parks
projects thus avoiding traditional burning of grubbing
and the resulting air pollution. Smaller diameter tim
ber was bucked into firewood for use within park
campgrounds or sold to contractors for use in furni
ture or log cabin rails. Merchantable timber was sold
for lumber or posts and rails with the proceeds applied
against the cost of the project.
The new highway was designed to minimize its
footprint by utilizing existing alignment and vary
ing median width including centerline concrete safety
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shape barrier sections to avoid wetlands and reduce
the amount of terrain and habitat disturbance. Steep
rock fills/cuts, downhill retaining walls, and the use
of salvaged rock to improve stability of steep fill slopes
helped achieve this goal. Cut slopes were shaped and
modulated to avoid unnatural, uniform appearance.
Natural gullies and ridges were continued from the
undisturbed surrounding areas through the disturbed
slopes wherever possible. Rock outcroppings were in
corporated into slopes to create visible relief and con
trast. To minimize off site disturbance to landform,
cuts and fills were balanced, and most rock and aggre
gate materials were obtained from within the highway
right-of-way.
Erosion potential was reduced through the creation
of benches on larger cut slopes, and rapid revege
tation through hydro seeding and tree planting. In
particularly steep areas, and areas adjacent to sensi
tive wetland habitats, a special tackifier and mulch was
used. Siltation fences and other temporary measures
were introduced to control erosion.
Maintaining traffic through the construction area
was of paramount concern. Hourly traffic volumes
were analyzed and blasting was scheduled to coincide
with low volume periods when the highway was shut
down for no more than one half hour to allow blasting
and clean up to occur. Blasts, therefore, had to be
sized accordingly. A 1-800 number was advertised on
radio and in newspapers for motorists to get daily
information on blast/closure schedules. To reduce
congestion through the construction zones, contractors
were permitted to haul on the existing highway only at
night. Animal overpass structures were designed with
no false work, and detours were implemented only
during daylight hours for the seven days required to
erect the pre-cast arches for each overpass.
The major environment mitigation measures used
during design and construction are summarized in
Table 2.
Environmental monitoring

Environmental and design committees consisting of
engineers, biologists, technicians, and administrators
were established and met independently and jointly to
review and solve environmental issues and concerns
related to the project. A full time environmental sur
veillance officer responsible for ensuring the proper
environmental protection measures and the commit
tee's recommendations were implemented was hired.
All workers on the project were given an environmen
tal briefing outlining environmental rules, concerns,
and expectations prior to the commencement of work.
Regular meetings with contractors were held to assess
performance related to environmental protection mea
sures. Non quantifiable items such as silt fencing and
other erosion control measures were paid on a time
and material basis to ensure prompt attention to these
matters.

While physical construction of the subject section of
highway is complete, the project will not officially be
complete for several years. At the time of project ap
proval, a commitment was made to carry out detailed
monitoring program to ascertain the effectiveness of
mitigations. An intensive four year research program
to determine the effectiveness of the TCH wildlife
protection measures is underway. Ungulates, coyotes,
cougars, and black bears have discovered and utilize
all the crossing structures quite readily while wolves
and grizzly bears seem to be taking a longer famil
iarization period. Table 3 provides a record of total
through passages by various species at the major an
imal overpasses and underpasses in the project area
as of September, 1999 (Clevenger, 1999). Study results,
while monitoring effectiveness of structures, also pro
vides highway designers the opportunity to compare
cost effectiveness of various structure types for future
highway mitigation measures.
While the usage results are encouraging, the over
passes remain subject to high public and media atten
tion. Most people are satisfied that $31 million was a
reasonable expense for 18.6 km of highway to achieve
the needed twinning and to protect Canada's flagship
park, with 30% of that budget expended on environ
mental protection measures. Some specialized interest
groups criticize that the highway continues to be a sig
nificant barrier to some species movement and further
mitigations including elevating the roadway for signif
icant distances need to be undertaken. Only time and
the environment will ultimately judge the success of
the mitigations and hence the project.

SUMMARY

The corridor recapitalization plan for the Trans-Canada
Highway through the Mountain National Parks of
Banff, Yoho, Glacier, and Mount Revelstoke will extend
the design life of the existing facility into the next cen
tury. A system of passing lanes and climbing lanes will
allow an acceptable level of service to be maintained
for the design life. The passing and climbing lane sys
tem was constructed at a cost of approximately 10% the
cost of twinning. However, as twinning is inevitable to
wards the end of the design life, all work proposed is
compatible with that long term objective.
The passing lane system in Banff National Park has
extended the design life of the TCH between Sunshine
and Castle Junction interchanges as a two-lane facility
by approximately 15 years. Twinning represents a
logical next step in a program of sequential twinning
following the passing lane phase. The TCH twinning
program, which began in 1979, now totals 47 km and
is considered a leading Canadian example of a balance
between highway development and environmental
protection and mitigation.
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Table 2. Major environmental mitigation measures
D e s ig n

Highway footprint designed to minimize alienating land from park
Highway designed to minimize landform impacts and be aesthetically pleasing
Utilize steep rockfiUs to avoid wetlands and river
Minimize traffic disruptions
C o n s t r u c t io n

Chipping/composting all grubbed and limbed material
All merchantable timber sold for lumber or post/rails (>125 mm dia)
Smaller timber bucked up for park campground firewood
All old steel W-beam guiderail salvaged from highway recycled
All old creosoted posts recycled or disposed of in properly designated landfill
All surplus native topsoil stockpiled for future use
No falsework in streams. Work near streams restricted to late fall to early May
Cut/fill balanced to reduce off right of way impacts
Majority of granular material (260,500 t) obtained, processed and stockpiled on new right of way
All back slopes shaped and contoured to provide natural appearance
Angle of back slopes kept as steep as possible
Asphalt plant equipped with state of the art bag house to reduce emissions
All old asphalt pavement milled and re-used in road structure
Wetlands/fish habitat reconstructed to replace affected areas (no net loss)
Existing culvert grades adjusted in potential fish spawning streams to permit fish passage again
Retention ponds/"Stormscepter" catch basins built to reduce siltation/fuel spills into nearby watercourses
Temporary erosion control silt fences and straw ditch blocks installed to minimize siltation during construction
Total of 16 animal highway crossing opportunities built (approx, one every km)of varying size including 2-50 m overpasses; 3 elliptical
CSP underpasses (4 m x 7 m), 4 concrete box culverts (2.4 m x 3 m)
Special openings in concrete guiderail every 50 m to permit small mammals/waterfowl to cross
Entire length 18.5 km of highway fenced on both sides with 2.4 m high variable size mesh game fence c/w buried chain link apron
45 ha of road right of way and borrow areas mechanically seeded using special indigenous seed mix specially grown by/for Parks Canada
Old borrow pit used as storage and staging area partially rehabilitated for ungulate grassing use
25 ha of special hydro seeding mix with tackifier plus special bonded fibre matrix to reduce erosion and encourage growth on steep slopes
and near wetlands and watercourses.
39,000 lodge pole pine and white spruce seedlings grown from seeds collecfed within the park and planted
9700 native shrubs grown from seeds collected along right of way and planted
1500 plantation grown trees (1-3 m) and 2800 nursery grown indigenous shrubs planted
Full time environmental surveillance officer on project keeping log
Full time environmental mitigation evaluation team employed after construction
Environmental briefings conducted with all contractor staff at commencement of contract

Table 3. Wildlife passage frequency by crossing structure type TCH Twinning Sunshine to Castle Mountain Interchanges Banff National
Park (December 1997-Septem ber 1999)
Number and structure type

4322-

2.4 m X 3 m concrete box culvert
4 m X 7 m elliptical CSP culverts
Creek pathways within open span CSP culverts
52 m overpasses

Number of total
crossings (%)

Average number of
crossings/ structure

Average construction cost
of structure ($/m)

416 (18%)
517 (22%)
268 (11%)
1147 (49%)

104
172
134
574

$2800.00
$5400.00
$560.00
$33,650.00

A wide range of environmental protection measures
have been developed and advanced along this stretch
of road, including extensive wire fencing in combi
nation with animal crossing structures. Research has
found that this mitigation method has been effective in
reducing wildlife/vehicle collisions by 97% for some
species. Some species, such as ungulates, have adapted
more quickly to using animal crossing structures than
others such as wolves and grizzly bears. Monitoring
of animal behavior and usage continues to better un
derstand how structural and landscape characteristics
influence their effectiveness.

In summary, the highway investment strategy
adopted by Parks Canada conforms to the environ
mental policy and code of ethics approved by the
Transportation Association of Canada (1992). In partic
ular, Parks Canada has been vigilant in the protection
of surface and ground water, conservation of land re
sources, ensuring the protection and enhancement of
natural habitats for the long-term survival of plants,
animals and aquatic life, and the preservation of his
torical and archaeological resources. Environmental
considerations are integrated into Parks Canada's day
to day activities and long-term decision making within
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the framework of an open communications policy with
the general public and all stakeholders.

Transportation Research Board. 1985. Highway Capacity Manual,
Transportation Research Board, Special Report 209. Washington,
DC.
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Responses of Mountain Caribou to Linear
Features in a West-Central Alberta Landscape
Paula Oberg, Christoph Rohner, and Fiona K.A. Schmiegelow

Resource expansion into previously undeveloped areas requires increases in access, which may
have detrimental effects for some wildlife species. We studied the response of migratory mountain
caribou to linear landscape features, including streams, roads, and seismic exploration lines, in
the foothills along the eastern slopes of the Canadian Rocky Mountains. Data from GPS telemetry
collars during the two winters 1998-2000 were compared to a base map of linear features in a
GIS, using distance buffers and compositional analysis. Caribou locations were distributed nonrandomly around streams and roads, with preference increasing with distance from these linear
features. This pattern of avoidance was also significant at a fine-scale, including only caribou
that were in the vicinity of 0.5 km of linear features. We did not detect a significant avoidance
or preference by caribou for seismic lines in eifher winter. This study adds evidence that caribou
avoid linear landscape features in forests. The exact mechanism is not known, but may relate to
the presence of natural predators or human disturbance on these corridors. We did not detect
a significant effect of seismic lines in our area, possibly due to differences in ecology from
other regions, low statistical power in our design, or success in measures to reduce impacts. We
emphasise three approaches to reduce effects of linear features as prescribed by current operating
guidelines for industrial activity on caribou ranges.
Keywords: Rangifer tarandus caribou, linear landscape features, resource development, wildlife
telemetry, compositional analysis

INTRODUCTION

Populations of woodland caribou (Rangifer tarandus
caribou) in Alberta have declined substantially in re
cent decades (Edmonds, 1988). Concurrently, resourcebased industries associated with the forestry and en
ergy sectors have expanded dramatically (Edmonds,
1988). Whereas the natural forested landscape was in
tersected primarily by rivers and creeks, this expansion
has resulted in an increased network of rights-of-way
(ROWs) for seismic exploration, pipelines, and roads.
Human activities resulting in such linear landscape
features, and the associated increases in access, have
been implicated as possible causes for caribou declines
(James, 1999).
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Linear features may enhance an area for wildlife
by providing a variety of browse, and by acting
as travel corridors (Hurst, 1997; Revel et al., 1984).
Predators, wolves in particular, are attracted to linear
features as easy travel corridors (Eccles et al., 1985;
Seip, 1992). They use frozen rivers as travel routes
to search for prey (Huggard, 1993), and may exploit
linear developments caused by human activities in a
similar fashion. Prey species, such as moose and elk,
are attracted to the early successional browse found
near natural linear features, such as streams (Seip,
1992), as well as that found near anthropogenic linear
features (Revel et al., 1984).
There are concerns that landscape changes associ
ated with resource development in the Alberta foothills
may affect the predator-prey dynamics to the detri
ment of caribou (Edmonds, 1988). Bergerud et al.
(1984) suggested that caribou selection of low produc
tivity wintering habitat created a spatial separation
from other prey species (commonly moose), as an
anti-predator strategy against wolves. Linear features
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have been hypothesized to erode the effectiveness of
these habitat refuges for caribou by providing access
routes for both alternative prey and predators, and
increased search efficiency by predators in caribou
ranges (Jalkotzy et al., 1997; James, 1999).
Woodland caribou in Alberta have been classified
into two ecotypes, based principally on habitat use
(Edmonds, 1991). The boreal ecotype inhabits fens,
muskegs and jack pine or lodgepole pine habitats of
the boreal forest, and herds are non-migratory. The
mountain ecotype inhabits mountainous terrain for
spring calving and during the summer, then migrates
down into the lower elevation forested habitats to win
ter. Management of these woodland caribou ecotypes
may vary, as well as the impacts of industrial develop
ment on their habitat (Edmonds, 1991).
Little is known about the effects of linear features
on the woodland caribou mountain ecotype, which
migrates from calving grounds in the mountains to
winter ranges in the resource-rich foothills of westcentral Alberta. Most research on pipelines and roads
has focused on barren-ground caribou (e.g., Cameron
et al., 1992; Curatolo and Murphy, 1986), and only
recently, woodland caribou distributions have been
examined in relation to linear development features
in northeastern Alberta (e.g.. Dyer, 1999; James, 1999).
James (1999) found that woodland caribou showed a
strong selection for habitat different from moose and
wolves. Caribou tended to occur further from linear
developments, while wolves and their kill sites were
closer than random to linear developments (James,
1999; Stuart-Smith et al., 1997). Wolves were also found
to travel faster on linear developments than in the
surrounding forest (James, 1999), which may improve
their predation efficiency. Dyer (1999) found that the
density of caribou locations was significantly lower in
areas closer to roads and seismic lines than expected,
and that caribou crossed roads less frequently than
expected from random movement. Such avoidance
patterns may reduce the useable habitat for caribou
considerably, and linear development structures may
form movement barriers for woodland caribou (Dyer,
1999). It is not clear whether these results from the
boreal, non-migratory ecotype also apply to migratory
mountain caribou in Alberta and woodland caribou in
other regions.
In order to sustain industrial activity on caribou
ranges, while ensuring the integrity and supply of
caribou habitat, regionally specific operating guide
lines have been developed. The "Operating Guide
lines for Industry Activity In Caribou Ranges in West
Central Alberta" became effective September 1, 1996.
Access development and management, habitat sup
ply, and timing of activities are the primary mitigation
strategies targeted within the caribou range operat
ing guidelines (WCACSC, 1996). The guidelines will
receive periodic review and modification based on ex
perience in implementation, new research information.

and/or efficiency in conserving caribou populations
and habitats (WCACSC, 1996).
The objective of this study was to determine the
distribution of mountain caribou in relation to natural
linear features (streams) and anthropogenic linear fea
tures of varying type (seismic lines, roads, pipelines,
powerlines), in order to test for avoidance patterns. We
determined caribou distributions by overlaying Global
Positioning System (GPS) caribou locations onto ac
curate base map coverages of linear features within
a Geographical Information System (CIS). Avoidance
effects were determined using compositional analysis
(Aebischer et al., 1993). We predicted that the den
sity of caribou locations would increase as the distance
from linear features increased, and that caribou would
avoid roads at greater distances than seismic lines. We
also predicted that streams, as natural linear features
and documented predator travel corridors, would also
be avoided by caribou.
Here, we present preliminary results from our analy
ses, and discuss their implications for industrial oper
ating guidelines in west-central Alberta.

STUDY AREA

The study area is part of the eastern slopes and
foothills of the Canadian Rocky Mountains in westcentral Alberta, adjacent to Jasper National Park (54°N,
119°W), and covers the winter ranges of the Redrock/Prairie Creek mountain caribou herds. These
caribou calve in June above treeline in the alpine areas
of Willmore Wilderness Area and adjacent mountains
in British Columbia. Alpine rutting grounds are used
in September and October, and with increasing snow
fall the caribou migrate to forests in lower elevation
forests in November and December (Edmonds, 1988).
The core of the winter ranges of the Redrock/Prairie
Creek herds is located on either side of the Kakwa
River, west of Highway 40 (Brown and Hobson, 1998).
Our study area covered the caribou management
zone, which reflects prevTously recorded winter distri
bution of the caribou herds, and an added 5 km buffer
to this zone. Adjacent areas, occurring within Willmore
Wilderness Area, were not included, as no develop
ment is planned in wilderness parks. The study area
encompassed a total area of 4202 km^.
Elevation ranges from 1100 m to 1800 m (amsl)
(Kansas and Brown, 1996), with portions of the Subalpine and the Upper Foothills natural subregions
(Beckingham and Archibald, 1996). The area is bi
sected by the Kakwa River flowing in a northeast
direction. The topography is dominated by this river
and its numerous tributaries, with undulating terrain
and moderate to steep slopes and ridges (Edmonds
and Bloomfield, 1984). The climate is subarctic, char
acterized by short, cool, wet summers and long, cold,
dry winters (Bjorge, 1984). The Foothills region is well
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forested and has been described in detail by Edmonds
(1988). Dry sites support primarily pure lodgepole
pine (Pinus contorta) or lodgepole pine/black spruce
(Picea mariana) forests. At higher elevations, mixed
fir {Abies lasiocarpa), spruce {Picea spp.) and lodge
pole pine forest predominates. Willow {Salix spp.) and
birch {Betula glandulosa) meadows, interspersed with
dry grassy benches, are found along the drainages.
Primary land uses in the study area include tim
ber harvesting, oil and gas exploration and develop
ment, coal mining, non-motorized outdoor recreation
(hiking, horse travel, camping, fishing), off-road vehi
cle use (snowmobile, all-terrain vehicles), recreational
hunting, and commercial trapping (Brown and Hob
son, 1998). Access occurs in the form of all-weather
and dry-weather resource roads, and rights-of-way for
pipelines, powerlines, and seismic lines for petroleum
exploration (Smith et al., 2000).

METHODS
Caribou location data

Wintering female caribou from the Redrock/Prairie
Creek herds were fitted with GPS transmitters. GPS
wildlife telemetry data (non-differentially corrected)
were collected for five female caribou during the
1998/1999 winter, and differentially corrected data
were obtained for eight females during the winter of
1999/2000. The accuracy of GPS transmitters is within
100 m, 95% of the time, using non-differentially cor
rected data (Lotek Engineering Inc., 2000) and within
<5 m for differentially corrected data (Rempel and
Rodgers, 1996). GPS caribou locations from winter
1999/2000 were differentially corrected using N-4 Ver
sion 1.1895 software (Lotek Engineering Inc., 2000). All

locations were imported into Arc View Version 3.1 (En
vironmental Systems Research Institute Inc., 1993).
The following criteria were applied to select caribou
location data for this study:
1. Only winter location data, collected between early
December and late April, were considered. (At the
time of analysis 1999/2000 GPS transmitter location
data had only been downloaded to March 24, 2000
for all but 2 animals.)
2. Only locations within forested caribou winter ranges
were included for analysis. As both winters of study
were mild, several caribou returned to alpine ranges
when only little snow cover was left on the winter
range. As caribou may behave differently in or at
the edge of open alpine areas, locations occurring
at or above treeline, in the Alpine and higher Subalpine regions (elevation >1800 m), were removed.
3. To maintain consistency between variable data col
lection schedules of the transmitters, and to main
tain reasonable independence between subsequent
locations, only one location per animal per day
was used in the analysis (at, or closest available to,
12:00 pm).
As caribou on the winter ranges did not have sta
ble home ranges, but showed nomadic movements on
a portion of the study area, we applied a buffer tech
nique to determine the availability of linear features to
each individual. Instead of delineating a home range
using a minimum convex polygon approach (Aebischer et al., 1993), we buffered caribou locations by the
distance travelled in a day, and used these combined
buffers as a more realistic representation of what por
tion of the landscape was available to each caribou
(Pig. 1). As an estimate of daily travel distances, we
calculated the 90th percentile of subsequent daily lo
cations (Arthur et al., 1996). This distance was then

. f# .'
• if

Caribou 77
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Fig. 1. Example of how available winter range was determined for individual caribou. GPS locations from early December to late April were
buffered by a radius equal to the maximum distance traveled per day (90th percentile of data, range of 1.4-4.1 km for individual caribou.
Table 1). All point buffers for each individual caribou were then joined for analysis to form the available range.
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Table 1. GPS data were collected from 13 female wintering caribou in the Redrock/Prairie Creek herd ranges, winters 1998-2000. Total
available area for each caribou was determined by buffering locations by a radius equal to the 90th percentile for maximum daily travel
distance. Buffers of 250 m around wellsites and cutblocks were excluded from the total available areas to avoid confounding effects on the
analysis of responses to linear features
Caribou ID

4c
51
52
5a
5b
72
73
77
78
79
7a
7b

Data winter

N IcKation
days

Daily travel distance
(90th percentile) (km)

Excluded area
(km-)

1998-1999
1998-1999
1998-1999
1998-1999
1998-1999
1999-2000
1999-2000
1999-2000
1999-2000
1999-2000
1999-2000
1999-2000

117
117
100
144
140
50
87
144
141
94
111
110

2.7
1.6
2.5
3.6
1.9
1.4
3.7
2.9
3.6
4.1
2.4
3.0

3.0
11.1
0.0
47.0
0.0
7.4
0.3
7.5
22.3
8.9
0.0
0.0

Table 2. Density of linear features occurring within the study
area. Total study area was 4202 km^
Linear
Feature
Streams
Roads
Seismic Lines

Total length
(km)

Density
(km/km^)

1500.1
1345.7
2803.7

0.36
0.32
0.67

used to define the buffer radius for the locations for
each animal using ArcView 3.1 (Fig. 1). Buffers were
merged, overlaps dissolved, and a final available area
calculated for each animal (Table 1).
Linear feature map coverages

Accurate base map coverages of linear features (roads,
seismic lines, pipeline ROWs, and powerline ROWs),
as well as cutblocks and wellsites were obtained by
digitizing 1998 Indian Resource Satellite (IRS) im
agery (5 m X 5 m pixels, rectified, UTM Nad 27)
using ArcView GIS. A stream coverage was obtained
from the Resource Data Division of Alberta Environ
ment. Rivers and streams which occurred perennially
throughout the study area were used in the analysis.
Table 2 summarizes the density of each linear feature
in the study area.
To remove wellsites and cutblocks as potential con
founding variables to caribou distributions around
linear features, buffered areas around each of these
landscape features were excluded from analysis. We
chose a buffer width of 250 m as there is evidence for
this avoidance distance from a study in northeast Al
berta (Dyer, 1999), and a similar distance may apply
to cutblocks in our area (Rohner and Szkorupa, 1999).
The total of these excluded buffer areas are summa
rized for each caribou in Table 1. Any caribou locations
occurring in these areas were also removed. One cari
bou (71), collared during the 1999/2000 winter, was

Total available
area (km^)
354.9
112.1
141.0
618.1
191.7
41.5
335.6
347.0
543.7
411.8
223.4
331.7

Table 3. Linear features were buffered at specified distances.
Each distance buffer acted as a "habitat category", to which to
compare caribou use in the compositional analysis
Buffer

Distance to
stream (m)

Distance to
road (m)

Distance to
seismic line (m)

1
2
3
4
5
6

<100
101-250
251-500
501-1000
1001-2000
>2000

<100
101-250
251-500
501-1000
1001-2000
>2000

<100
101-250
251-500
501-1000
>1001
-

removed from the analysis due to a dysfunctional col
lar and insufficient locations.
Linear features were buffered by 100,250,500,1000,
2000, and >2000 m distances (Table 3), consistent with
Dyer (1999), thus permitting comparisons between
caribou ecotypes. Buffer categories were pooled where
necessary to ensure that all available distance classes
were wide enough to contain at least 0.5% of expected
caribou locations. No caribou had sufficient pipeline
and powerline buffer areas, so these linear landscape
features were removed from the analysis.
Statistical analysis

We used standard techniques of comparing use and
availability to test for preference or avoidance of lin
ear structures by caribou. For a descriptive and graphic
illustration of preferences we used a common index
of preference (Manly's alpha, calculated according to
Krebs, 1989). Such indices, however, can be biased
when data points are not entirely independent. There
fore, for statistical testing, we performed composi
tional analyses of habitat use as described by Aebischer et al. (1993). For this method, each distance buffer
acted as a "habitat category," to which to compare cari
bou use. The area within each caribou's winter range
defined "available habitat." The number of locations
occurring in each buffer distance defined "habitat use."
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Percent available was defined as the proportional area
of each distance buffer within the caribou's winter
range area. Percent use was defined as the proportional
number of caribou locations occurring in each buffer
distance of the total number of caribou locations. If
there was no use of a buffer distance, but the buffer dis
tance was available, the 0% use was replaced by 0.01%,
an order of magnitude less than the smallest recorded
nonzero percentage (Aebischer et al., 1993). See Ap
pendix I for percent available and percent use mean
values for each of the linear feature distance buffers.
Habitat selection or avoidance occurs when a partic
ular type of habitat is used more or less often than ex
pected at random (Johnson, 1980). All distance buffers
were examined simultaneously, testing the hypothesis
that the log-ratio of used habitat (y) equalled the logratio of available habitat (yo) (Hq: d = y —yo = 0). The
residual matrix of raw sums of squares (P 2 ) arid the
matrix of mean-corrected sums of squares and crossproducts (R]) were calculated from d (Zar, 1984) and
used to generate a chi-squared value:
a

= |Ri I/|R2|,

^(a=0.05: df=no. buffers-1) “ ^

In A,

where N is the number of caribou used in the analysis.
The null hypothesis of random use was rejected at
a < 0.05.
If caribou use of distance buffers was significantly
non-random, the distance buffers were ranked by or
der of use and any significant selections were identi
fied. Ranking was achieved by determining the pair
wise differences (t-tests) between distance buffer use
and availability log-ratios using the equation:
InfxUj/XL/i) - ln(x/i2/X/ii)-

If the pairwise difference was less than zero, then
use of habitat "1" was assumed greater than habitat
"2" and vice versa when the pairwise difference was
greater than zero. A matrix containing all pairwise
differences was created (Appendix II), and the number
of positive pairwise differences was tallied. The total
for each distance buffer determined its ranking for
caribou selection.
The outlying buffers (5th for seismic lines and
6th for roads and streams) were used to determine
preference or avoidance. If a distance buffer was used
significantly less than the outer buffer, we conclude it
was avoided by caribou.

RESULTS

Caribou locations showed a highly significant devia
tion from a random distribution in relation to streams
(;(2 _ 1 6 7 1 ^df = 5, p < 0.005). As illustrated in Fig. 2,
there was a clear trend for increased preference of
those portions in the landscape that were further away
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Fig, 2. Preference indices for 12 female caribou from distances to
streams during winters 1998-1999 and 1999-2000. Index of habitat
preference for each distance buffer is the mean of Manly's alpha.
Manly's alpha ranges from 0 to 1. A random distribution over the
landscape would produce a neutral value of 0.17, higher values
indicate preference and smaller values indicate avoidance.

from streams (Fig. 2). This trend was consistent for
coarse and fine scale (<0.5 km) analyses. However,
an inconsistency occurred at the coarse scale, as the
>2 km buffer did not follow this trend (Table 4; Ap
pendix II for details). Individual comparisons of buffer
preferences confirmed fhat avoidance of streams oc
curred (Table 4). Areas <100 m from streams were
used significantly less than distances 0.25-2 km from
streams. The 100-250 m buffer was also used signif
icantly less than both the 0.5-1.0 km and 1.0-2.0 km
buffers. In summary, these results allow a clear re
jection of the hypothesis that caribou moved inde
pendently of streams: there was significant fine-scale
avoidance of streams for caribou within 2 km of these
linear features, and an unexplained but not significant
drop in preference for areas that occurred at distances
>2 km.
Caribou use of roads paralleled their distribution
around streams, with more locations than expected
as distance from roads increased (x^ = 17.11, df = 5,
p < 0.004; Table 4). The ranking of distance buffers
was consistent, from least preference close to roads
to highest preference at distances >2 km from roads
(Table 4, also reflected in the values of the preference
index in Fig. 3). Significant contrasts between buffers
were found from the outermost buffer (>2 km), to all
buffers closer to roads, except to the adjacent buffer
of 1-2 km distance (Table 4, details in Appendix II).
However, because roads in the study area generally oc
cur along the northern and eastern extent of historical
caribou ranges, some caribou included in this analysis
had only small proportions of roads available to them
along the fringes of their range. In fact, five caribou
did not occur at all within 500 m of roads. To exam
ine whether the statistical significance of results was
based on these caribou occurring far away from roads.
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Table 4. Caribou selection and ranking of distance buffers during winters 1998-2000, as determined from compositional analysis. If
non-random selection of distances from linear features occurred, then ranking matrices were used to rank distance buffers according to
their preference by caribou. Significant contrasts between ranks displayed by the symbol '2 ^ ' in the last column, with comparisons
starting from the outermost buffer looking successively inward
Linear feature

Caribou selection

Streams

Chi-square

df

P

Distance buffer ranking

Significant ranks

Non-random

16.7

5

<0.005

5>4>3>6>2>1

2
5

<0.02
<0.004

3>2> 1
6>5>4>2>3>1

2
4
2

<0.005
>0.12
>0.25

3>2> 1
N/A
N/A

6:§> 1
5::g > l,2,3
4 :» 1 ,2
3 2§>1,2
32^1,2
6 2 ^ 1 ,2 ,3 ,4
5»>1
3221
N/A
N/A

Streams (<500 m)
Roads

Non-random
Non-random

7.4
17.1

Roads(<500 m)
Seismic
Seismic (<500 m)

Non-random
Random
Random

10.0
8.2
0.4

2000

100

Distance to Roads (m)

250

500

1000

>1000

Distance to Seismic Lines (m)

(a)
Fig. 4. Preference indices for 12 female caribou from distances to
seismic lines during winter 1998-1999 and winter 1999-2000. Index
of habitat preference for each distance buffer is the mean of Manly's
alpha. Manly's alpha ranges from 0 to 1. A random distribution over
the landscape would produce a neutral value of 0.20, higher values
indicate preference and smaller values indicate av'oidance.

100

250

500

Distance to Roads (m)

(b)
Fig. 3. Preference of 12 female caribou for distances from roads dur
ing winters 1998-1999 and 1999-2000. Index of habitat preference for
each distance buffer is the mean of Manly's alpha, (a) Coarse-scale
selection for winters 1998-2000. A random distribution over the
landscape would produce a neutral value of 0.17, higher values in
dicate preference and smaller values indicate avoidance, (b) Fine
scale selection for winters 1998-2000. A random distribution over
the landscape would produce a neutral value of 0.33, higher values
indicate preference and smaller values indicate avoidance.

which may have used a different part of the study area
due to unrelated factors, we conducted an additional
fine-scale analysis. For this analysis, only caribou with
individual locations occurring within 500 m of roads
were analyzed. The results also revealed a significant
response to roads by these caribou (x^ = 10.02, df = 5,
p < 0.005, Table 4). The ranking remained consistent,
showing a clear trend for increased selection of areas
further away from roads (Fig. 2). The closest buffer to
roads (within 100 m) was preferred significantly less
than areas at distances from 251 to 500 m from roads
(see Appendix II for details). Caribou locations in rela
tion to seismic lines did not differ from random over
the two winters studied (x^ = 8.19, df = 4, p > 0.12).
No trends in preferences for disfance buffers from seis
mic lines were found (Fig. 4). Since the overall x^ value
was not significant, we did not rank distance buffers
(Aebischer et al., 1993).
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DISCUSSION

Our results show that caribou avoided perennial
streams, which are a natural linear feature in our
study area. Consistent with our prediction, caribou
also avoided linear landscape structures of anthro
pogenic origin: roads were significantly avoided, while
no consistent trend was apparent for seismic explo
ration lines in our study area. This is the second study
investigating the response of caribou to linear devel
opment in forested areas that has found an effect of
human infrastructure.
There are several explanations for the avoidance of
streams by mountain caribou in our area. The win
ter distribution of caribou could be indirectly affected
by rivers and creeks, for example by habitat variables
that are associated with topography. Caribou in our
area have been reported to prefer pine stands with a
rich supply of terrestrial lichens, which tend to grow
along well drained landforms such as topographical
ridges (Edmonds and Bloomfield, 1984; Bjorge, 1984;
Edmonds and Smith, 1991). Therefore, one potential
explanation for avoidance of streams could be the
lack of preferred habitat in the vicinity of these land
scape features. If edges along slopes to stream valleys
are preferred, then a drop in preference further away
from sfreams on higher plateaus as observed in Eigure 2 might be expected. On the other hand, there may
be direct effects that are being perceived negatively
by wintering caribou. With concentrations of other
ungulate species such as moose and elk, which pre
fer habitats with ample supply of shrubs and grasses
along rivers, and wolves moving on frozen rivers that
cormect these habitats, caribou may attempt to alle
viate predation pressures through spatial separation.
The two explanations are not mutually exclusive and
could both apply. Further work into habitat relation
ships is needed to test these hypotheses.
Our study adds evidence to findings in northeast
Alberta that caribou may avoid roads in forested ar
eas (Dyer, 1999). We found a pronounced preference
for areas far away from roads, with a significantly re
duced preference by caribou up to 1000 m. We consider
our results on exact avoidance distance as preliminary,
because our study area was heterogeneous and we are
only learning about other potentially confounding fac
tors that may also affect caribou distribution. However,
there was also a fine-scale effect by caribou that were
in the vicinity of 500 m of roads, corroborating our re
sults of an avoidance pattern. The exact mechanism for
such avoidance is currently not known. A behavioural
avoidance could have similar causes as postulated for
streams: caribou may perceive roads as travel corri
dors for predators or avoid other ungulates associated
with these areas. In addition, caribou may avoid roads
due to increased human activity associated with these
developments. Potential consequences on caribou pop
ulations are twofold. It is possible that roads, as easy
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travel routes, could lead to an increase in caribou/wolf
encounters, and lead to higher caribou mortality near
lines (Stuart-Smith et a l, 1997; James, 1999). Another
consequence may consist in habitat loss because other
wise suitable habitat is avoided. At present, an avoid
ance of 100 m from roads would translate into an area
of reduced use of 253 km^ or 6% of available habitat for
caribou in our study area. Depending on intensity of
effects on caribou and level of development, this area
of reduced use could grow to 40% of the available habi
tat (Dyer, 1999).
We did not detect a significant response by cari
bou to seismic lines. This result is in contrast to Dyer
(1999), who found that caribou in northeast Alberta
avoided both roads and seismic lines. This difference
may be explained by several factors. First, the differ
ences found from Dyer (1999) may be attributed to
regional differences, either in habitat and level of de
velopment of the study area, or in variation among
woodland caribou ecotypes due to differing life his
tory characteristics. Our study area in the foothills of
the Rocky Mountains consists of an undulating topog
raphy, with greater variation in topography than the
boreal forest in northeastern Alberta. Many seismic
lines in our area were of older origin and showed var
ious stages of re-forestation. As well, the density of
seismic lines in west-central Alberta is much lower
at 0.67 km/km^ than in northeastern Alberta, where
Dyer (1999) reported that caribou had an average of
1.15 km/km^ of seismic lines in their home ranges.
Higher variability and lower density of lines may ex
plain a lower influence of seismic lines in our study
area. In contrast to the migratory and nomadic eco
type, woodland caribou in northeastern Alberta are
also yearly residents in their home ranges. For these
animals, which showed avoidance up to 100 m from
seismic lines (Dyer, 1999), there may be higher selec
tive pressure to avoid anthropogenic linear features in
the landscape.
Perhaps more importantly, our sample sizes were
small, and assuming that potential distance effect is
smaller for seismic lines than for roads, the statistical
power of our design was very limited. Our current re
sults have to be considered preliminary, and further
study is necessary. Our results certainly lack the statis
tical power to allow a firm conclusion that caribou are
not affected by seismic lines in our study area. Besides
continued monitoring of caribou to increase sample
size, an understanding of habitat relationships may
help to reduce variance in understanding caribou dis
tributions in relation to linear human developments.

MANAGEMENT IMPLICATIONS

If caribou avoid roads and potentially other linear fea
tures, it will become increasingly important for man
agers to minimize road access into caribou range, if
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the goal of sustaining both caribou and industrial de
velopment is to be attained. This could be achieved in
several ways. First, new linear features can be reduced
by using existing access, shared/common access, and
by limiting access. Temporary access structures can be
removed, reclaimed and reforested. The current oper
ating guidelines for the area (WCACSC, 1996) include
such access-reducing strategies.
Second, public access on roads can be controlled
and temporarily restricted to reduce disturbance or
mortality on caribou winter ranges, for example by
gates, signs, education, temporary rollback, or manned
access control. Managing access is difficult, and can
be expensive. A pressing challenge will be to engage
members of the public who typically resent restrictions
on their use of crown land. Frequently, signs, gates,
and other management measures are ignored, particu
larly if strong public support for the restrictions cannot
be demonstrated (BCRC, 1998). As a result, bans on
existing roads may not be feasible (Gumming, 1996).
What is possible, however, is the prevention of new
access into important caribou habitat and controlling
access on existing linear developments (Gumming,
1996).
Third, the structure of new lines can be designed
to minimize potential impacts. Since the introduction
of operating guidelines in west-central Alberta, sev
eral measures have been implemented to reduce the
potential effects of seismic lines on caribou. Low Im
pact Seismic (LIS) is a desirable target for exploration
work. LIS are exploration lines cut with a narrow line
width (<4.5 m) as compared to conventional seismic
lines (8 m), and in a continuously meandering path

to reduce line of sight. Heli-portable and hand-cut
lines further reduce any potential effects on vegetation
changes, new travel corridors for wolves, or increased
disturbance by human recreational users. In addition,
winter operations have taken an "early in, early out"
philosophy, so that activity occurs prior to caribou ar
rival on winter ranges. The fact that we did not detect
caribou responses to seismic lines may also reflect the
success of these measures and the importance of main
taining the current operating guidelines.
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APPENDIX I
Distribution of caribou locations in buffers of increasing distance to each type of linear feature in the study area. The data are given as
percentage (mean and standard error), both for use and availability. The analysis was performed on the complete set of distance buffers
(all), and within close range (<500 m) of these linear features (fine-scale)
Distance buffers
1
used

1
avail.

2
used

2
avail.

3
used

3
avail.

4
used

4
avail.

5
used

5
avail.

6
used

6
avail.

22.59
1.26

39.80
4.41

31.74
0.99

21.95
6.90

19.29
3.17

Streams
(all)

Mean
SE

2.55
0.47

5.93
0.36

4.50
1.02

8.03
0.48

10.79
1.70

12.43
0.74

20.41
2.70

Streams
(fine-scale)

Mean
SE

14.82
2.77

22.45
0.24

24.30
3.80

30.42
0.16

60.88
3.95

47.12
0.38

_

_

_

_

_

_

-

-

-

-

-

-

Roads
(all)

Mean
SE

0.53
0.34

3.20
1.78

1.84
0.80

1.99
0.78

2.99
1.24

3.11
1.08

11.18
2.66

79.96
8.03

74.67
7.54

Roads
(fine-scale)

Mean
SE

4.66
2.60

32.69
5.96

34.34
12.79

25.50
1.93

61.06
13.05

41.81
4.08

_

_

_

_

_

-

-

-

-

-

-

Seismic Lines
(fine-scale)

Mean
SE

12.84
2.32

12.67
0.92

15.60
2.57

15.63
1.11

17.79
2.03

19.97
1.20

17.37
2.97

27.15
3.35

36.40
6.42

24.58
3.37

_

_

-

-

Seismic Lines
(all)

Mean
SE

27.23
2.09

26.16
0.30

32.31
3.17

32.32
0.17

40.46
3.08

41.52
0.30

_

_

_

-

-

-

-

-

-

5.98
2.65

5.86
1.57

8.71
3.27

_
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APPENDIX II
Ranking matrices identifying selection of linear feature distance buffers by mountain caribou, winters 1998-1999 and 1999-2000. Reported
are t-test statistics for multiple comparisons of buffers, count of positive differences, and resulting ranks. Bold values indicate significant
differences in selection (p < 0.05)
Streams winters 1998-2000, df = 11

1
2
3
4
5

6

1

2

3

4

5

6

No. Positives

—
-F
-F
-F
-F
-F

-1 .3

-8 .6
-5 .6

-2 1 .7
-2 .8
-0 .4

-9 .1
- 6 .9
-4 .4
- 1 .8

-5 .4
-1 .5
+0.38
+0.8
+1.4
—

0
1
3
4
5

2
1

2

4

6

No. Positives

Ranking

—

-F
-F
-F
-F

—

-F
-F

—

-

-

-F

—

-

Ranking

6
5
3

Streams within 500 m, winters 1998-2000, df = 11

1
2
3

1

2

3

No. Positives

—
-F
-F

-1 .3

-2 .2
-2 .5
—

0
1
2

—

-F

Ranking
3

2
1

Roads winters 1998-2000, df = 11

1
2
3
4
5

6

1

2

3

4

5

—
-F
-F
-F
-F
-F

-2 .1

-2 .1
- 0 .2

-2 .0
-0 .5
-0 .4

-2 .8
-1 .1
-1 .0
-0 .6
—
+

—

-F
-F
-F
-F

—

-F
-F
-F

—

-F
-F

- 5 .5
-3 .1
-3 .0
-2 .7
-2 .1
—

0
1
2
3
4
5

6
5
4
3

2
1

Roads within 500 m, winters 1998-2000, df = 6

1
2
3

1

2

3

No. Positives

—
-F
-F

-1 .5

-2 .8
-1 .2
—

0
1
2

—

-F
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Recruitment of Gopher Tortoises
p o l y p h e m u s ) to a Newly Constructed
Pipeline Corridor in Mississippi
David P. Thomas

In 1998, thirty-nine gopher tortoises (Gopherus polyphemus) were located in seventy-five active/inactive burrows along a proposed natural gas pipeline corridor in southeastern Mississippi.
Thirty-four tortoises were temporarily displaced from these burrows, and were prevented from
returning to the corridor while the pipeline was being constructed. Upon completion of pipeline
construction and restoration of the pipeline corridor, barricades were removed, and the tortoises
were again given access to the new pipeline corridor. One year after completion of the pipeline,
the corridor was resurveyed. Nine tortoises were identified from twenty-two newly-dug burrows
on the pipeline corridor. The actual number of tortoises from these burrows may be as high as
seventeen, as conclusive occupancy could not be determined for some burrows. In addition to
the new burrows located on the pipeline corridor, there were forty-two new burrows observed in
the adjacent habitat, possibly indicating that additional gopher tortoises were taking advantage
of the maintained right-of-way for foraging, basking, and as a travel corridor.
Keywords-. G o p h e r to rto is e , c o rr id o r, p ro te c te d s p e c ie s, n a tu ra l g a s p ip elin e, ru d e ra l h a b itat

INTRODUCTION

The Destin Pipeline (Destin) is a large diameter natural
gas pipeline constructed in 1998. It originates from
an offshore gathering platform in the Gulf of Mexico
and makes landfall near Pascagoula, Mississippi. The
pipeline continues northward for about 120 miles
through Jackson, George, Greene, Wayne, and Clarke
counties, and terminates at a compressor station near
Enterprise, Mississippi (Fig. 1).
A major portion of the pipeline route is in the
range of the federally protecfed western population of
the gopher tortoise, Gopherus polyphemus (Auffenberg
and Franz, 1982), and a segment of it (~4.41 mi.)
traverses the Chickasawhay District of the DeSoto
National Forest. Destin typically required a 75-foot
wide corridor to be cleared for construction of the
pipeline, and in most areas will maintain a 50-foot
wide corridor in a herbaceous vegetative state.

Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

Pipeline construction can have serious implications
to gopher tortoise survival. While preliminary evi
dence indicates that tortoises are able to excavate
themselves from burrows collapsed by machinery
(Wesfer, 2000), tortoises away from their burrows are
at risk of being crushed by moving vehicles. In addi
tion to the threat to individual tortoises from heavy
equipment, populations may be adversely affected if
burrows and nests are destroyed. Tortoises also are
at risk of falling into open construction trenches and
becoming heat-stressed or entombed. Drowning is a
danger if the trenches contain water. Indirectly, ad
verse impacts of pipeline construction may include
disruption of essential behaviors such as mating, feed
ing, and dispersal (USFWS, 1997).
In recognition of the danger posed to gopher tor
toises by pipeline construction activities, environmen
tal surveys for protected species documented the
locations of gopher tortoise burrows within the pro
posed Destin construction corridor (ENSR, 1998a).
Since avoidance is a primary option for torfoise mifigation, re-routes of fhe projecf corridor were made, where
possible, to avoid larger concentrations of tortoises. In
some areas, however, impacts were unavoidable.
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Fig. 1. Southern Natural Gas Company Destin Pipeline Project.

In coordination with the United States Fish and
Wildlife Service (USFWS) and the Federal Energy
Regulatory Commission (FERC), Destin prepared a
Sensitive Species Mitigation Plan (ENSR, 1998) that
provided for the temporary removal of gopher tor
toises from the pipeline construction areas. In ac
cordance with this plan, tortoises were trapped or
excavated from their burrows and removed from the
Destin construction corridor. The US Eorest Service re
quired that an additional 25-foot buffer zone on both
sides of the corridor be cleared of tortoises in the
DeSoto National Eorest. Captured tortoises were trans
located short distances to unused burrows adjacent to
the corridor. Silt fence barriers were erected to pre
vent the tortoises from returning to the right-of-way
until construction of the pipeline was complete. Upon
completion of construction and re-vegetation of the
corridor the fences were removed, allowing fhe tor
toises to return to the right-of-way (ENSR, 1998a).
In accordance with the terms of the Biological Opin
ion issued for fhe Destin Project (USFWS, 1997) and
the Destin Pipeline Project Sensitive Species Mitigation
Plan (ENSR, 1998), Destin agreed to re-survey its rightof-way for fhe presence of gopher fortoises wifhin one
year of complefion. Consfruction of the Destin Pipeline
was completed in November 1998, and in compliance
with this regulation, a post-construction survey was
conducted in September 1999.

Tortoises were removed from the pipeline corridor
between April and September 1998. Prior to construc
tion of the Destin Pipeline, multiple biological surveys
were conducted of the proposed corridor and adja
cent habitat. Burrows found during these surveys were
photographed, flagged and numbered. Activity status
of fhe burrows was made by direct observation and
recorded as active/inactive or old (abandoned) (Auffenberg and Eranz, 1982; Estes and Mann, 1996). All
adult burrow aprons were inspected for the presence
of eggs prior to disturbance. Any eggs found were
carefully excavated, carried without rotation, and re
buried away from the construction area, where they
could be monitored. Occupancy was then determined
by the use of an infra-red video system.
Burrows that were occupied by a tortoise were fitted
with pitfall or wire traps. If affer two weeks of trap
ping the efforts were unsuccessful, the burrows were
excavated. Excavations were done primarily by hand,
but on some occasions were done with a backhoe.
On rare occasions, tortoises were captured by hand
outside their burrows. Burrows from which gopher
tortoises were removed were re-inspected to ensure
that no additional tortoises or vertebrate commensals
were present. These burrows were then collapsed. Bur
rows that were too small to examine with the video
system, and burrows for which conclusive occupancy
determinations could not be made, were excavated.
Burrows that were not occupied by a gopher tortoise
or vertebrate commensal were collapsed.
All tortoises captured were measured (carapace
length, plastron length, total length, bridge width,
and height) weighed, sexed (if mature), aged, pho
tographed, and marked with a standard carapace
marking scheme before release (ENSR, 1998). A blood
sample was also taken when possible to determine ex
posure to Mycoplasma agassizii, the organism linked
to Upper Respiratory Tract Disease (URTD) in go
pher tortoises (Jacobson, 1992). Twenty-six samples
were tested by an enzyme-linked immunosorbent as
say (ELISA) specific for M. agassizii at the Department
of Pathobiology of the College of Veterinary Medi
cine at the University of Florida. All tortoises were
released into unused burrows away from the con
struction corridor, but usually in close proximity to
the original burrow. The right-of-way was barricaded
with silt fence fo prevent the tortoises from returning
during construction. All burrow cameras, traps, and
equipment used to excavate burrows were disinfected
after each use with a dilute chlorine bleach solution
to prevent possible disease transmission. After com
pletion of the pipeline construction, the corridor was
restored to its original contours and re-seeded with
grass mixtures recommended by local offices of the
Natural Resources Conservation Service (NRCS). The
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Table 1. Gopher tortoise burrows on the Destin pipeline
County

1998 (pre-construction)
Active/inactive
burrows

Jackson
George
Greene
Wayne
Total

1
3
20
51
75

1999 (post-construction)

Number
tortoises

Percent
occupancy

1
0
15
24
39

100
0
70
47
52

Active/inactive
burrows
5
1
4
12
22

Number
tortoises

Percent
occupancy*

1
0
3
5
9

50
0
100
63
64

* Percent occupancy calculated by using only those burrows of known occupancy.

silt fence barriers were then removed, allowing dis
placed tortoises access to the right-of-way.
Post-construction surveys were conducted between
September 14 and 29, 1999. Historically, no documen
tation exists of tortoises from Clarke County, Missis
sippi (Auffenberg and Franz, 1982; Estes and Mann,
1996), and no evidence of gopher tortoises was docu
mented in Clarke County on the pipeline corridor dur
ing any of Destin's pre-construction surveys (ENSR,
1998; ENSR, 1998a). Therefore, post-construction sur
veys began immediately north of the Wayne County
line west of the town of Shubutta (T10N-R8W, S ll).
The entire 75-foot wide Destin construction corridor
and adjacent buffer area in Desoto National Eorest was
surveyed for gopher tortoise burrows. These surveys
consisted of a 4-person team walking contiguous tran
sects south to State Highway 614 in Jackson County,
Mississippi (T5S-R6W, SI). Total distance surveyed
was approximately 90 miles. Suitable gopher tortoise
habitat exists in disjunct areas in southern Mississippi
from northern Jones and Wayne counties to the coastal
flatwoods region of the Gulf Coast (Estes and Mann,
1996; ENSR, 1998a). By using previous survey records,
topographical maps, and on-site inspections, it was de
termined that suitable gopher tortoise habitat did not
exist south of Highway 614 along the Destin Pipeline,
and the survey was terminated at that location.
All burrows documented on the restored pipeline
corridor would have been newly excavated since the
completion of the pipeline. An initial status determi
nation was made of each burrow based on appearance
(Auffenberg and Franz, 1982; Estes and Mann, 1996;
Mann, 1995) using the same criteria as the 1998 sur
veys. General information was recorded regarding
soils and vegetation around the burrow, measurements
were taken at the burrow opening, and each was pho
tographed. All adult burrows were then inspected
with the video system to determine occupancy. Burrow
locations were estimated with reference to the pipe
centerline, and exact locations were recorded by Global
Positioning System (GPS). Burrows within 100 yards of
two or more active tortoise burrows were considered
part of a colony.

RESULTS

Prior to construction of the Destin Pipeline in 1998,
a total of 75 active/inactive burrows were located
within the proposed 75-foot wide construction corri
dor and adjacent buffer in the DeSoto National Eorest.
Of these burrows, a total of 39 (52%) were occupied by
tortoises (Table 1). Thirty-four tortoises were displaced
prior to construction (others either moved of their own
accord prior to construction, or were located in an area
where they were able to remain in their burrows while
construction worked around them). One tortoise was
fatally injured during construction activities.
Pre-construction population density along the pipe
line corridor was approximately 0.43 tortoises/mile.
Occupied burrows were found in Jackson, Greene, and
Wayne counties. Four of the burrows (5%) recorded
were juvenile burrows. All were in Wayne County.
One of the juvenile burrows and one adult burrow in
Wayne County had two tortoises in it. The adult sex
ratio was weighted towards females (17 F, 13 M).
All tortoises from the captured group tested neg
ative for exposure to M. agassizii. Only one tortoise
captured showed any evidence of the clinical signs of
URTD (watery eyes, nasal exudate), but it also tested
negative and was released. This tortoise was recap
tured during the same season and showed none of the
symptoms previously exhibited. The test results indi
cated a suspect level of antibodies in another tortoise,
which showed no clinical signs of the disease. It was
re-tested during the same season with negative results.
During the 1999 survey, a total of 22 new burrows
were found on the restored corridor of the Destin
Pipeline and the adjacent buffer area in the DeSoto
National Forest (Table 1). Tortoise burrows were found
on the right-of-way in Jackson, George, Greene, and
Wayne counties. The most northerly burrow noted
during the survey was an active one beyond the edge
of the right-of-way corridor at milepost (MP) 180.5
(T9N-R7W, S30) in Wayne County. The most southerly
burrow was a very old burrow outside of the corridor
at MP 105.5 (T4S-R6W, S15) in Jackson County. No
inquiline species were seen in any of the burrows
examined.
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Of the recently dug burrows, it was determined that
9 were occupied, 5 were unoccupied, and 8 were of
unknown occupancy. Tortoise colonies were noted at
four separate locations. Two of the burrows recorded
(9%) were juvenile burrows. Occupancy could not
be determined for some burrows because the camera
could not be maneuvered to the bottom of the burrow,
or because the burrow had been dug by a juvenile
tortoise, making it too small for the camera to enter.
None of the burrows was excavated. Occupancy rates
for the new burrows potentially could range from 41
to 77% (9-17 tortoises). All burrows within the right-ofway, whether occupied or not, showed signs of recent
use. Tortoise density on the new pipeline corridor is
presently estimated at 0.1-0.19 tortoises/mile.

DISCUSSION

Distribution of gopher fortoises throughout their range
is uneven (Mount, 1986), and this is especially true in
the western population area of Louisiana, Mississippi,
and Alabama (Auffenberg and Franz, 1982). In areas
where native gopher tortoise habitat has been severely
degraded by silvicultural and agricultural practices,
gopher tortoises frequently make use of ruderal habi
tats, such as is found along powerlines, natural gas
transmission lines, and road rights-of-way. If grasses
and forbs are sufficient, they may occur in higher
densities in these ruderal habitats than in their nat
ural habitat (Auffenberg and Franz, 1982). Throughout
much of southern Mississippi, native longleaf pine (Pitius pahistris) and turkey oak {Quercus laevis) habitats,
preferred by gopher tortoises, have been supplanted
with economically profitable fast growing loblolly (Pfnus taeda) and slash pines {Pinus elliotti). Rapid habitat
destruction in suitable gopher tortoise areas has been
attributed to current tree harvesting and reforestation
methods, as well as to pasture improvement prac
tices (Lohoefener and Loheimer, 1981; Auffenberg and
Franz, 1982).
In general, habifat quality for gopher tortoises along
the Destin pipeline corridor can be considered poor,
and environmental surveys of the Destin route found
that throughout its entire length tortoise distribution
was patchy and sparse. Pine plantations are a pre
dominant land use along much of the Destin route
(FERC, 1997). These areas provide little forage for
gopher tortoises and the density in which they are
planted can restrict tortoise movements. The habitat
clumping produced by these pine monocultures may
also contribute to reduced gene flow between popula
tions and increased competition for food (Lohoefener
and Lohmeier, 1981). Many areas, although having an
open canopy, are too mesic to support gopher tortoises.
Areas having priority gopher tortoise soils had the
highest numbers of tortoises, followed by areas having
suitable soils (Estes and Mann, 1996). Priority soils are

defined as having sand texture to a depth of 40 inches
or more, a drainage class better than well drained, have
rapid or very rapid permeability rate, no water tables
within 8 feet, and are not subject to flooding (Wester
and Haas, 1995).
Where suitable habitat was found, the area gener
ally had tortoises. The route of fhe Destin Pipeline
traverses mainly rural areas, and a significant por
tion of it (47%) parallels existing powerline or pipeline
rights-of-way. Gopher tortoise numbers were higher
along the open areas associated with parallel rights-ofway, especially in the DeSoto National Forest, although
isolated burrows and remnant populations were found
elsewhere (ENSR, 1998, 1998a). The higher numbers
of tortoises found on the Destin corridor in DeSoto
can probably be attributed to the availability of open
space, as well as the protection afforded by the Na
tional Forest designation, since habitat quality can only
be considered fair, and no priority soils exist within the
areas traversed.
The construction of the Destin Pipeline is a unique
opportunity to monitor the progress of gopher tor
toise populations in southeastern Mississippi. The data
gathered for fhis project may be used as a benchmark
with which to compare future investigations. A base
line having been established, habitat improvement
associated with the construction and maintenance of
the pipeline corridor and gopher tortoise population
response can be evaluated over time. Because so much
of the Destin route was cut through pine plantations,
the construction of an open corridor can be expected
to attract gopher tortoises. The corridor was re-graded
to its original contours and seeded with fast growing
annual grasses upon completion to maintain erosion
control, but none of the grasses planted are typically
associated with gopher tortoise forage (Lohoefener
and Lohmeier, 1981). The succession of perennial na
tive grasses and forbs more typical of gopher tortoise
forage in subsequent growing seasons will undoubt
edly increase its attractiveness to tortoises.
One year after its completion, post-construction sur
veys found 22 burrows on fhe restored Destin corridor.
While tortoises were removed from the right-of-way
only in Greene and Wayne counfies, they were found
on the right-of-way in all four counties during the post
construction survey. Because occupancy could not be
ascertained in all of the burrows, the occupancy rate
may range between 41 and 77% (9-17 tortoises). In
addition, there were 42 additional active/inactive bur
rows seen in adjacent habitat beyond the right-of-way.
Probably more important than just the number of tor
toises on the right-of-way is their demographic profile.
The presence of at least four tortoise colonies utilizing
the Destin corridor is important, as is the presence of
juvenile burrows within these colonies. Isolated tor
toises may be reproductively unsuccessful, and may
be indicative of a decline in tortoise populations in
that area. If pipeline corridors serve to link isolated
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tortoises by providing travel corridors, these tortoises
may again have opportunity to become reproductively
viable. It is therefore encouraging to see that tortoises
have moved onto the pipeline corridor in areas in
which they were not previously seen.
There is evidence that tortoises have begun using
the Destin Pipeline for more than burrowing. Adult fe
male tortoises were seen on or in the vicinity of the
pipeline corridor at MP's 172.9 and 159.9. The tortoise
at MP 159.9 had been relocated prior to construction
and was marked number 106. The period prior to this
survey was unusually dry, allowing tortoises move
ment beyond normal environmental constraints. There
was also evidence of an unfortimate aspecf of pipeline
corridors. Pipelines often give humans easy access into
areas frequented by gopher tortoises. The skeletal re
mains of a gravid female tortoise were found just west
of the corridor at MP 156.5 in Greene County, possibly
shot by hunters.
The concentrations of burrows on and near the
Destin Pipeline and movements along the corridor
indicate that tortoise populations have begun tak
ing advantage of the improved habitat provided by
the corridor. While never considered plentiful along
the route, in subsequent years tortoise numbers are
expected to increase within the Destin right-of-way.
Using the conservative number of 9 tortoises already
on the right-of-way and 17 immediately adjacent to
it (42 active/inactive x 0.41 corrective factor) (Burke,
1989), the number of tortoises already is approach
ing pre-construction levels. It would appear that the
construction of the Destin Pipeline had little negative
impact on gopher tortoise populations, and may serve
to increase their numbers and viability. Ideally, future
surveys will indicate gopher tortoise recruitment from
less optimal habitat onto the pipeline, and tortoise
reproduction will bring numbers to near carrying ca
pacity for each area.
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Effects of Brushmat/Corduroy Roads on Wetlands
within Rights-of-Way after Pipeline Construction
Joseph M. McMullen and Scott D. Shupe

Brushmat roads and commercial mats are used to support equipment and lessen impacts to
wetlands during the construction of pipelines. Removal of brushmaf from wetlands and the
disposal of the removed material, which is usually required by regulators, can create wetlands
disturbance and is very expensive. A five-year research effort was implemented to assess the
effect of brushmat roads on wetland vegetation, hydrology, and habitat in different wetlands
within a gas pipeline right-of-way. The portion of the research project presented in this paper
concentrates on changes in physical parameters and vegetation to assess whether the brushmat
area was converted to upland. The research was conducted on eight different wetlands in
upstate New York. Both organic soil and mineral soil wetlands were assessed. Varying lengths
of brushmat road were left in the wetlands to establish different "percent leave." Scattering of
brushmat was also tested. Results of fhe sfudy indicated that brushmat height above wetlands soil
surface decreased in time. Decay was higher in areas of smaller stems, greater mutilation, higher
soil/debris on mat, less bark, and vegetation cover. Observations indicated that brushmat totally
submerged under water decays more slowly than brushmat under wet and dry moisture regimes.
Scatter areas had an initial rapid decline in mat thickness, likely as a result of settling, but case
hardening of exposed stems slowed decay and mat thickness declined little in the latter portion of
fhe study. With sectional removal in obvious channels, brushmats did not impact wetland water
levels. Such sectional removal is considered necessary. Removal of brushmat segments adjacent
to uplands and other points of access is important to restrict vehicular access. Vegetation was
sampled on and off the brushmat to test dominance by wetland species. Vegetation established
rather quickly on the mat or grew up through the mat. Vegetation on-mat and off-mat in organic
soil wetlands and mineral soil wetlands with prolonged inundation or saturation were dominated
by wetland species. Vegetation on mat in certain mineral soil wetlands with limited saturated
conditions was dominated by upland species. Results of the study question the need and benefits
of regulatory agencies' request to remove brushmat roads from most wetlands.
Keywords: Wetland restoration, wetland impacts, pipeline construction, woody debris, woody
decay, rights-of-way

OBJECTIVE

INTRODUCTION

The objective of the study was to determine the effect
of five different amounts of brushmat "leave" on wet
land vegetation and hydrology in different wetlands
within a recently-constructed gas pipeline right-ofway.

A natural gas pipeline constructed in 1993 crossed
many areas of wetlands regulated by the New York
State Department of Environmental Conservation
(NYSDEC) and the US Army Corps of Engineers
(Corps). Brushmat roads were installed for construc
tion access across wetlands to support equipment and
lessen impacts. Corps permit conditions usually re
quire that brushmats be removed after construction,
because they consider brushmats to constitute fill and
the area over the brushmat to develop into an upland.

Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.
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Fig. 1. General location of wetland study areas used for brushmat roads research project along natural gas transmission pipeline no. 63.

Such removal creates excessive soil and wetland dis
turbance and can be very expensive. It is difficult to
find locations to dispose of fhis woody material, and
where disposal occurs, impacts to upland habitats re
sult.
The long-term effects of brushmats on weflands has
never been assessed. To address fhese concerns, Nia
gara Mohawk Power Corporation (NMPC) supported
a five-year research effort to assess the effects of brushmat roads on wetlands. The complete results of this
study are found in TES (1999).

METHODS

Eight different wetlands along Natural Gas Pipeline
No. 63 in southcentral Oswego County, New York,
USA were studied (Pig. 1). The pipeline was con
structed in 1993 and the wetlands were initially char
acterized in 1994 and sampled in 1995,1997, and 1999.
Five types of brushmat treatment were studied; four
involved leaving various lengths of brushmat in wet
lands (based on a percent "leave"), and one involved
the scattering of removed brushmat material in wet-

Effects ofbrushmat/corduroy roads
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Table 1. Brushmat treatments, lengths, widths, and number of sampling transects
Wetland
area

% Leave®

Brushmat lengths (Feet)
Total

Leave

Avg. width
(Feet)

Number of sampling
transects*’

Remove

VCN-12
VCN-39

0
0

430
431

0
0

430
431

25
25

6
6

VCN-9N
W-24

20-25
20-25

464
812

115
224

349
588

37
25

2
8

VCN-3
VCN-19N

70-80
70-80

1851
614

1256
380

595
234

23
24

14
4

VCN-26
W-21

90-100
90-100

529
373

465
318

64
55

30
23

4
6

VCN-9S
VCN-19S

Scatter
Scatter

265
92

N/A
N/A

N/A
N/A

N/A
N/A

4
2

^Amount of leave established by removing segments of brushmat relative to total brushmat length.
'’ Each sampling transect contains 10 sampling intervals.

lands (Table 1). The four amounts of brushmat “leave"
assessed included: 0% leave, 20-25% leave, 70-80%
leave, and a 90-100% leave. Zero percent leave was a
complete removal of brushmat. Twenty to twenty-five
percent leave involved removal of segments of brushmat equaling 75-80% of the total brushmat length.
Ninety to one hundred percent leave entailed leaving
almost the entire brushmat intact, except for the re
moval of smaller segments of material approximately
every 150 feet to facilitate the flow of water and at the
ends of the brushmat to restrict unauthorized access.
Scattering involved the spread of brushmat across the
wetland adjacent to the pipeline to resemble a “drop
and lop" forest clearing operation.
Removal of brushmat was performed using brush
rakes, tracked excavators, and bulldozers. Brushmat
removed from wetlands was transported to approved
NMPC owned upland sites for disposal. Removed logs
could not be salvaged for timber, fuel, or chipping for
they were contaminated with soil. Similarly, landfills
would not accept removed brushmat. All areas where
brushmat segments were removed were broadcast
seeded with annual ryegrass (Lolium sp.) at a rate of
1 Ib./lOOO ft.^ within 72 h of removing brushmat.
An initial baseline characterization was made of
the brushmat, soils, and hydrology in September and
October 1994. Data on brushmat parameters and veg
etation were collected in the three monitoring years
1995,1997, and 1999 along permanent transects estab
lished on the brushmat in each study area. A schematic
representation of a transect is presented in Fig. 2.
Each transect was 30 feet in length, and was es
tablished parallel to the long axis of the brushmat.
By using permanent stakes, the same transects were
sampled each year. One pair of transects was estab
lished approximately every 150 linear feet of brushmat,
“leave" or "scatter." A pair of transects consisted of one
transect located near the edge of the brushmat referred

j------------30' Sampling Transect-----------Sampling Interval-

0'

3'

6'

9'

1

12' 15' 18' 21' 24' 27' 30'

' ■i ---- ^ ^ ---- 1---- h
Permanent
Wooden Stake

Brushmat

Fig. 2. Schematic representation of sampling transects.

to as "edge," and one transect located in the center,
referred to as “center." The “center" of the brushmat
received most of the equipment traffic and was much
more disturbed than the brushmat “edge."
Data on the characteristics of the brushmat were col
lected along the 30-foot transect in ten, 3-foot intervals
(Fig. 2). Each interval was three feet long by three feet
wide.
Total percent cover of vegetation in categories of
high, medium, or low was recorded in each of the ten,
3-foot sampling intervals of each transect throughout
the entire study. During the 1995,1997, and 1999 sam
plings, species composition and vegetation cover data
by dominant plant species were recorded in three of
the ten intervals along the brushmat sampling tran
sects. The three intervals of each transect sampled
for vegetation included the l'-3 ', 1 2 -1 5 ', and 2 7'30' segment. The line-intercept method was used to
sample the species composition and cover in each in
terval (Lindsey, 1956; Kisslinger et al., 1960; Cox, 1972).
In addition, to compare vegetation on the brushmat
(on-mat) to that growing adjacent to the brushmat
(off-mat), a parallel transect was established 10 feet
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from the brushmat transect towards the area over the
pipeline and vegetation sampled in a similar manner.
In each brushmat transect, data were collected on
sev'eral variables related to the nature and characteris
tics of the woody material, various decay parameters,
as well as total vegetation cover, as follows:
Initial characterization
Brushmat thickness above wetland
surface
Depth of brushmat into wetland
Brushmat species composition and
size
Amount of mutilafion of woody
material
Percent bark remaining on stems
Woody debris/soil on brushmat
Total vegetation cover

Monitoring years
Brushmat thickness abo\'e
wetland surface
Percenf bark on brushmat
material
Soil/debris on surface of
brushmat
Surface decay
Insecf infesfation
Presence of fungi
Total vegetation cover

Brushmat thickness above the wetland soil surface
was measured. In several wetlands, the brushmat was
pushed into the wetland and this depth was estimated.
Tree and shrub species that comprised the brushmat
were identified, with the three most common species
in each 3-foot interval recorded. Diameter and number
of stems in each sample interval were estimated.
Amount of mutilation was a qualitative assess
ment of the disturbance or "chewed-up" nature of
the woody material comprising the brushmat. Amount
of mutilation was recorded was high, medium, or
low based on percentage of wood surface disturbed.
Percent of bark remaining on the woody stems was
recorded. Mutilation and percent bark were recorded
because of their likely influence on decay rates. Soil
and woody debris (bark and chips) were frequently de
posited on the surface of the mat, and the amount and
depth of each was recorded. Surface decay, insect in
festation, and presence of fungi were also recorded in
percent class categories of high (>75%), medium (2575%), and low (<25%).

DESCRIPTION OF WETLAND STUDY AREAS

The eight wetland study areas selected for the brushmat road research are labeled as VCN-3, VCN-9, VCN12, VCN-19, VCN-26, VCN-39, W-24, and W-21 (Fig. 1
and Table 1). VCN-9 and VCN-19 received two differ
ent treatments resulting in ten sample areas.
All the wetland study areas are within the ErieOntario Lake Plain physiographic province of New
York, characterized by receding waters of Pleistocene
Lake Iroquois. The area is underlain by slightly tilted
layers of Ordovician and Silurian sedimentary forma
tions, overlain with a variety of glacial deposits (Jones
et al., 1983). Topography of the area was largely shaped
by direct glacial action and the erosional forces that
followed the glacial retreat. Soils in these wetlands

have developed from glacio-lacustrine deposits and
deposits of decomposed organic material.
Wetlands formed in depressions between low ridges
of glacial till and drift where drainage was blocked
by glacial deposits (Jones et al., 1983). Many of these
wetlands consist of impermeable or slightly permeable
drift deposits. Over top these layers exists a relatively
thick accumulation of organic matter. Other wetlands
in this region are a result of lacustrine silt and clay
deposits within interdrumlin lowlands.

LITERATURE REVIEW

Only minimal literature is available on the decom
position of access roads such as brushmat roads and
log corduroy roads. However, there is an abundance
of literature available on the decomposition of coarse
woody debris (CWD). Brushmat roads resemble CWD
because the roads were made from a variety of sized
logs, chunks of wood, and branches.
Many authors have studied individual components
of the decay process. The basic components are leach
ing and fragmentation, but settling, seasoning, and
biological factors are also involved.
Leaching occurs when water percolates through
CWD and dissolves parts of the woody material, re
sulting in weight loss. Fragmentation works in con
junction with leaching as it increases the surface areato-volume (SA/V) ratio of wood for the leaching
process (Harmon et al., 1986).
Fragmentation of wood takes two forms, physical
and biological. Physical fragmentation can occur by
gravitational forces, such as flowing water, freezing
and thawing activities, exposure to sun, and by me
chanical means. Gravitational forces cause elevated
CWD to break and fall to the ground. Flowing water
can erode the exposed surface of the wood. Freezing
and thawing activities can cause wood to split apart
during freezing activities. Exposing more surface area
of the wood to weathering forces increases the rate of
gas and liquid exchange, resulting in an increase in the
rate of decay (Harmon et al., 1986).
Settling increases the degree of contact between soil
and CWD and increases the suitability of CWD as mi
crobial, vertebrate, and invertebrate habitat (Harmon
et al., 1986). During settling, the cross-sectional profile
of logs changes from circular to elliptical and the con
tact between soil and CWD increases.
Seasoning is the series of changes that CWD goes
through in dry environments. During seasoning, CWD
decreases in moisture, shrinks, and the formation of
checks and cracks begins, which increases access to
microbes. In wet periods water also fills the checks and
cracks. During cold weather conditions this water can
freeze, thus increasing the size and amounts of checks
and cracks, thereby increasing the SA/V ratio.
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Case hardening may also occur to the outer ring of
wood a few centimeters deep as the sun bleaches and
dries the surface wood. If case hardening occurs, the
wood will be initially protected from fragmentation
losses and moisture from the interior (Harmon et al.,
1986).
Rate of wood decay differs considerably between
hardwoods and softwoods. Allison and Murphy (1962)
demonstrated that, in the presence of available nitro
gen, the rate of decomposition of hardwoods was six
times higher than that of softwoods.

RESULTS AND DISCUSSION
Baseline characterization of brushmats

All soils in wetland study areas were classified as
hydric or as having potential hydric inclusions. Min
eral soils were present in wetland study areas VCN-3,
VCN-9 South, VCN-12, VCN-39, W-24, and W-21. Or
ganic soils were present in wetland study areas VCN-9
North, VCN-19 North, VCN-19 South, and VCN-26.
Data collected along the transects during the 1994
baseline characterization for the various brushmat
variables are presented in Tables 2 and 3, respec
tively. Data on the thickness or height of the brushmat
indicate that average heights in the different leave
categories ranged from 3 to 14 inches. In this study,
brushmat height was greatest in the one scatter area.
In many instances, it was observed that soil types and
associated stability greatly influenced visible brushmat thickness. In wetland study areas that contained
muck soils, the brushmat was often pressed well into
the substrate. Use of commercial mats over top of the
brushmat and amount of vehicular traffic on the brushmat also affected its height, as well as the depth that
the brushmat was below the wetland surface.
The tree and shrub species that comprised the
brushmat are also indicated on Tables 2 and 3. Red
maple {Acer rubnim) and green ash (Fraxinus pennsylvanica) were the most common species. Other species
were: aspen {Populus tremuloides), willow {Salix sp.),
black cherry (Prunus serotina), and yellow birch {Betula alleghaniensis). Rate of decay can be affected by
the species present. In this study, the dominant species
were relatively consistent and they were all hard
woods. Variation between hardwood and softwood
decay rates is noted in the literature, but was not con
sidered a factor in this study.
The average stem diameter ranged from 2 to 7
inches, but varied as did the number of stems in the
brushmat per unit area. Smaller stems decay faster
than larger stems as noted in the later discussion.
Disturbance of the surface of the brushmat material
was reflected in the data recorded under "amount
of mutilation." Amount of mutilation was mostly in
the low (<25%) category, although there was some
variation (Tables 2 and 3). Mutilation was usually
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higher in the center transects, and also tended to be
higher where the brushmat was comprised of small
diameter material. Where the percent mutilation was
high, the amount of bark remaining on the stems was
low (Tables 2 and 3). It was observed that where there
was high vehicular traffic, soil and woody debris on
the brushmat was high.
Brushmat parameters and decay

A comparison of mean values for various brushmat
parameters (including total vegetation cover) is pre
sented in Table 4. Graphical comparisons over the
monitoring years by percent brushmat leave are pre
sented on Figures 3-8. To test whether wetland or
upland vegetation dominated the brushmat, the per
cent of the dominant species considered hydrophytic
are summarized in Table 5.
Mat thickness
Mat thickness, or height of the mat above the soil
surface, decreased in each wetland study area over five
years. The decrease in mat thickness did not appear
to be affected by "leave" treatment. Mat thickness
decreased in both the organic and mineral soil study
areas and was lower in organic soil areas.
The decrease in mat thickness was likely the result
of many decomposition factors at work simultane
ously. These factors include: fragmentation, leaching,
settling, seasoning, respiration, and biological transfor
mation (Harmon et al., 1986). It is likely that fragmen
tation and settling were the two factors responsible for
the initial (between 1995 and 1997) decrease in mat
thickness, particularly in the scatter areas. In the scatter
areas, these factors likely resulted in the sharp initial
decrease in mat thickness, but there was no decrease in
mat thickness in the latter portions of the study as the
more exposed stems became case hardened.
Weathering forces such as wind, rain, ice, and heat
were reported as the primary cause of bark removal.
Harman et al. (1986) and TES (1998) alluded to the
fact that these weathering forces would enhance the
decay of woody debris, such as brushmat. Further
more, heavy equipment travel while working from the
brushmat surface increased the fragmentation of the
bark on brushmat stems.
Surface decay
Surface decay increased from 1995 to 1999 in both
organic and mineral soil study areas (Fig. 6). The
amount of decay was low in 1995 in both organic
and mineral soil study areas. By 1997, surface decay
was slightly higher in mineral soil study areas than in
organic soil study areas. By 1999, the greatest amount
of surface decay existed in mineral soil wetlands.
As the study proceeded from 1995 to 1999, obser
vations were made regarding the relationship between
soil/debris and decay of the brushmat, with surface
decay observed to be higher where there was a greater
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Table 4. Comparison of 1995,1997, and 1999 brushmat data mean values for various parameters
Mat
thickness
(inches)

Amount
of bark

VCN-9N

1995
1997
1999

3.6
2.9
2.5

2.3
0.5

W-24

1995
1997

12.8

4.4

9.5
6.3

1995
1997
1999

8.0

VCN-19N

VCN-26

W-21

VCN-9S

VCN-19S

Vegetation
cover"'

Amount
of water
(%)

Water
depth
(inches)

2.0
3.0
3.0

0.0
0.0
0.0

0.0

0.0

0.0
0.1
0.1

3.0

0.0
0.0
0.2

0.2
0.3
0.1

2.0
3.0
3.0

0.0
0.0
0.0

0.0
0.0
0.0

0.3
0.3
0.4

2.5
2.9
2.9

0.0
0.0
0.0

0.0
0.0
0.0

1.3
3.0
3.0

5.5
0.0
0.0

0.0

0.4
0.0
0.0

Depth of
soil debris
(inches)

Surface
decay"'

0.2

0.1

0.8

0.0

2.6
2.5

1.5

2.9

0.0

3.0

0.0

2.5
2.4

1.7
2.4

0.1

2.7

2.1
2.4
b

19.9
4.7
8.9

0.6

6.4
5.1

1995
1997

10.4
8.4

22.6
10.5

1.0
0.8

0.5
1.3

1999

4.5

1.0

1.5

b

1995
1997
1999

2.7

6.0
1.5
0.0

0.2
0.9
2.9

1995
1997
1999

10.0

14.0
2.8

1.8

1995
1997
1999

10.6
6.0
7.4

33.8
22.8
3.3

1995
1997
1999

22.0
16.9
14.2

13.5
14.5
8.0

1999
VCN-3

Fungi
ev'idence"’

Soil/
debris'^

Wetland study area

1.2
0.6

7.6
6.0

(%)

0.0

0.0

b

Insect
evidence"'

0.0
0.0

1.1

0.0

2.7
2.9

0.0
0.1

1.4
2.8
2.9

0.0
0.1

0.3
0.9
0.6

0.5
0.8
b

0.7
0.7
0.6

0.0
0.0
0.0

0.1
0.1
0.0

2.2
3.0
2.9

34.3

2.0
1.4
b

0.1

0.0
0.3
0.3

0.1
0.2
0.0

1.3
2.8
2.9

0.0
0.0
0.0

0.0

1.5
2.3
0.8

2.2

1.1

0.1

2.1

0.0
0.0

2.2

b

2.9

0.0

0.3
0.5
0.2

1.6
3.0
3.0

0.0
0.0
0.0

0.0

0.1
0.0

0.0

1.1

0.0

2.5
2.6

0.0
0.4

1.3
2.5
2.4

0.4

0.7
b

0.3
0.2
0.5

15.5

0.4
0.7

0.0
0.0

0.0

1.8
2.0

0.7
1.4
b

3.0
3.0

0.1

0.0
0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0

"’ Represents rank data where: 0 = none, 1 = low (<25%), 2 = medium (25-75%), 3 = high (>75%).
'’ Data not collected.

.Mat Thickness i)v Soil 'i'vne

Fig. 3. Comparison of 1995,1997, and 1999 mat thickness for each brushmat treatment and organic versus mineral soil wetlands.

amount of soil/debris on the surface. Decay was also
greater on brushmat that was in contact with soil than
on brushmat without soil contact. This response was
likely a result of the soil maintaining a moisture con
stant suitable for decomposing organisms within the
area surrounding the brushmat (Harmon et al., 1986).
Size of the brushmat stems was observed to influ
ence the amount of decay. In 1997, small diameter

stems (less than three inches) were usually decayed
into the center of the stem. By 1999, brushmat in nearly
all leave treatments were highly decayed. Stems that
were highly mutilated due to heavy equipment travel
also had extremely high rates of decay (TES, 1998). This
decay response is due to the increased surface area
available for decomposition activities (Harmon et al.,
1986).
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Percent Kark bv Treatm ent

Fig. 4. Comparison of 1995, 1997, and 1999 percent bark for each brushmat treatment and organic versus mineral soil wetlands.

1995

1997
Soil Debris bv Treatm ent

1999

Fig. 5. Comparison of 1995,1997, and 1999 soil debris for each brushmat treatment and organic versus mineral soil wetlands.

Surface Decay by Treatm ent

Fig. 6. Comparison of 1995,1997, and 1999 surface decay for each brushmat treatment and organic versus mineral soil wetlands.

Insect activity

During the 1999 sampling, insect activity was noted in
five of the eight study areas. Insect activity consisted
of the presence of carpenter bees and ants. Ants
were abundant in brushmat stems in close contact
with the soil, whereas bee activity was greatest in

elevated stems that were dried out, such as in scatter
areas. Such insect activity is an important part of
the decomposition of brushmat because the insects
increase the surface area of mat to be decomposed.
This material will decompose quicker because it has
a greater surface area. These openings also allow
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Fig. 7. Comparison of 1995,1997, and 1999 fungi amount for each brushmat treatment and organic versus mineral soil wetlands.
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Fig. 8. Comparison of 1995, 1997, and 1999 vegetation cover for each brushmat treatment and organic versus mineral soil wetlands.

microbes to colonize the woody material and aid in the
decomposition process (Harmon et al., 1986).
Vegetation cover/species composition
Overall, the brushmat did not impede vegetation cover.
After the second growing season, vegetation cover was
nearly 100% in most areas (Fig. 8). Vegetation grew up
through the brushmat material and invaded soil and
fine material deposited on the brushmat.
The brushmat areas were usually dominated by
wetland vegetation (Table 5). All brushmat segments
in organic soil study areas were dominated by wet
land vegetation. Brushmat segments in two of the six
mineral soil wetlands were dominated by upland veg
etation after five years. However, these were areas of
marginal weflands. These areas had limited water near
the surface and confained a mix of upland species in
off-mat portions. Conditions favoring a dominance of
upland vegefation may have been exacerbated by two
dry years during the study. This study does conclude
that in wetlands areas that are only seasonally wet
and contain a mix of upland species (these marginal
wetlands usually are on mineral soils), brushmats left
in place may create upland conditions. In such areas.

Table 5. Comparison of on-mat versus off-mat dominant plant
species, five years after mat placement
Wetland
study area

Brushmat
leave (%)

Species
FAC or wetter (%)
On-Mat

VCN-12
VCN-39
VCN-9N
W-24
VCN-3
VCN-19N
VCN-26
W-21
VCN-9S
VCN-19S

0
0
20-25
20-25
70-80
70-80
90-100
90-100
Scatter
Scatter

100
75
100
25
89
100
100
40
75
100

Off-Mat
100
90
100
70
100
100
100
50
67
100

an elevation change of 4-8 inches creafed by brushmat may make a difference between an upland and
a wetland. In all other wetlands studied, no wetland
conversion was noted by this minor elevation change.
Vegetation species data recorded on and off fhe maf
presented in TES (1999) for this study provide evidence
of the lack of change in hydrology in areas adjacent

Effects ofbrushnmt/corduroy roads

to the brushmat. These data and observations made
indicated little to no alteration in hydrologic regimes
because of the brushmat.
Comparison o f varying amounts o f brushmat leave
Various percentages of brushmat "leave" were devel
oped by removing varying segments of brushmat road.
Segments of brushmat were always removed from two
areas: (1) the ends of the brushmat road where it con
nected to an upland or structure pad, and (2) where
there were visible drainageways or water chaimels.
Removal of "end" segments restricted access to the
brushmat by ATVs and other unwarranted vehicular
activity. Removal of segments in water channels per
mitted unrestricted hydrological conditions.
In general, there was great variability with little
to no evident difference in the parameters measured
among the amount of brushmat leave among wetlands
of a similar nature. An organic soil wetland, with water
near the surface for much of the year, would not be
more greatly affected by 75% brushmat leave than by
25% brushmat leave. Such a difference in brushmat
leave created more of a slightly different habitat, and
perhaps diversified the area, but it was not seen as
detrimental.
This conclusion can also be made for mineral soil
wetlands where there was relatively abundant water.
However, in marginal wetland areas where a slight
change in elevation can make the difference between
an upland and a wetland, brushmat leave can have a
negative impact and a greater percentage of brushmat
in such a wetland can increase the impact.
Brushmats in wetlands can take up space (until they
decay) that cannot be occupied by standing water.
And, the more brushmat, the greater the volume of
water that would be displaced. However, it should
be noted that most of the wetlands where brushmats
were utilized were originally forested or scrub-shrub
habitat where the woody material, although standing,
also occupied space.
The scattering of removed brushmat within the wet
land was one of the different brushmat "treatments"
assessed; it has several drawbacks and is not recom
mended. Scattering may increase the height of the
brushmat. Logs and other woody material elevated
above the ground did not decay readily. Such logs be
came "case hardened" where the outside of the wood
hardens and encases the stem. This decreased the rate
of decay. More of a problem with scattering was the
restrictions to access and potential future equipment
use in these areas. For pipelines where maintenance
mowing is normally required every three years, such
scattering can be very restrictive.

CONCLUSIONS

Upon completion of five years of research it has been
determined that the five amounts of brushmat leave
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tested (0% leave, 20-25% leave, 75-80% leave, 90-100%
leave, and scatter of brushmat) did not have an overall
negative effect on vegetation or the classification of the
brushmat area as a wetland in most wetland areas.
Segments of brushmat were always removed adja
cent to uplands and other points of access in order
to restrict unwanted vehicular access. This removal
practice is considered prudent. Brushmat was also re
moved from any evident drainageway or channel at
the initiation of the study. Brushmat did not appear to
restrict water movement or alter water regimes in any
wetland areas.
In general, although there was variability in the
data, differences in the amount of brushmat leave
among wetlands of a similar nature were not evident.
An organic soil wetland, with water near the surface
for much of the year, did not appear to be more greatly
affected by 75% brushmat leave than by 25% brushmat leave. Such a difference in brushmat leave created
more of a slightly different habitat, and perhaps diver
sified the area, but this was not seen as detrimental.
Decay of brushmat increased over the five-year
study and, along with settling, reduced mat thickness.
Brushmat that had high amounts of soil/debris and
mutilation and a low amount of bark on stems at the
time of establishment was observed to have a high rate
of decay during the study. Increased vegetation cover
likely also contributed to increased decay. It is specu
lated that high soil/debris conditions and vegetation
cover maintained optimal moisture conditions within
the brushmat stems for decomposing organisms, while
the high amount of mutilation and low amount of bark
provided openings for water and insects to enter.
Scattering of brushmat had several drawbacks and
is not recommended. Scattering increased the height of
brushmat in this study. Logs and other woody material
elevated above the ground did not decay as rapidly as
brushmat in contact with soil/debris. Elevated stems
of brushmat became case hardened, where the outside
of the wood hardens and encases the stem, which
decreased the rate of decay. Likely the greatest problem
with scattering is the restrictions it creates for access
and future equipment uses in pipeline, rights-of-way
where maintenance mowing is required.
Vegetation quickly established on all brushmat ar
eas. In organic and mineral soil wetlands with rela
tively abundant water throughout the growing season,
hydrophytic vegetation grew on the mat regardless of
treatment. However, in marginal wetland areas usu
ally found in seasonably wet mineral soils, a change in
elevation of 4-8 inches, which can be caused by brushmat, created an upland vegetation island in two of the
six mineral soil wetlands. The creation of an upland on
brushmat in a wetland can have a negative impact. Al
lowing a greater percentage of brushmat leave in such
marginal wetlands can increase this impact. Therefore,
it is recommended that construction managers and re
source managers negotiate, on a case-by-case basis, the
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need to remove brushmat from mineral soil wetlands
of marginal hydrology.
The effects of brushmat in wetlands, especially
organic soil wetlands, is not necessarily negative, and
therefore the high costs of complete brushmat removal
from these wetlands is not warranted. In mineral
soil wetlands with limited available water, complete
removal of brushmat may be warranted so that upland
brushmat islands are not created within the wetlands.
Cost of brushmat removal is one of the primary con
cerns for industries requiring brushmat use. However,
it should be noted that removal of brushmat roads and
their disposal can also be a significant impact, partic
ularly to the area of disposal. Material removed from
brushmat roads are usually deposited in upland areas
and can create impacts to these habitats.
Complete decay of brushmat will occur at some
time after placement. This time interval is projected to
likely be in the range of 8-12 years. However, in areas
where the brushmat is submerged under water, or in
areas where the stems are exposed and case hardened,
this time interval may be longer.
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D esigning R ailroads, H igh w ays and C an als in
P rotected A reas to R educe M a n -E le p h a n t C o n flicts

A.P. Singh and Dr. S.M. Satheesan

Construction of Eco-friendly linear developments in and around Protected Areas and forests
has become a reasoned necessity in light of evidence that poorly designed network of railroads,
highways, and canals in existence has adversely affected the foraging and migratory movements
of larger wild animals including elephants. One of the root causes of this trend is the
fragmentation and shrinkage of major wildlife habitats. This has lead to man-wildlife conflicts,
confrontations among wild animals, and high rate of accidental deaths due to collisions
with speeding motor vehicles and trains. After imposition of Forest Conservation Act, 1980
and Wildlife (Protection) Act, 1972 of the Government of India, constructions have been
banned in Protected Areas and forests. But the ever-increasing heavy vehicular traffic on
the existing railroads and highways in and around protected areas and forests has made
wild animals irritable, restless, and accident-prone. This paper examines case histories of the
Haridwar-Rishikesh/Dehradun rail-road and highway, the channel of Garhwal-RishikeshChilla Hydroelectric Project and the canal of the Eastern Ganges Irrigation Project in Rajaji
National Park area in Haridwar, Pauri, and Dehradun districts of Uttranchal State in India. The
railroad, the highway and the channel/canal affect the movement of elephants in Chilla Motichur
Corridor where the corridor width has shrunk from 20 km between Haridwar and Rishikesh to
1-2 km. The highway divides the natural habitat on one side and the legendary Ganges River
on the other, the irresistible attraction for the Asian Elephants, which they have to visit daily for
drinking, bathing and cooling in the summer months. Hence elephants trapped on one side of
the road due to heavy traffic will look for alternate sources of water and food. Man-elephant
conflict results when these animals cannot conveniently forage or drink in natural habitats and
are forced to enter human habitation and croplands. Unavoidable or negligent crossing of railroad
and highway by elephants have caused their accidental deaths, and at times, also of man, in
addition to damage to vehicles colliding with them. About 16 elephants have been killed due to
collisions with trains in this area. This paper discusses the disastrous effect of the inefficient design
of existing linear developments on elephants and how they can be rectified in an animal-friendly
way. Then the sustainability of viable populations of the largest terrestrial mammals living on
the land can be ensured, reducing man-animal conflicts and confrontation among animals for
ecological requirements in a habitat shrunk by human alterations.
Keywords'. Designing, linear developments, railroads, highways, charmel, canal, man-elephant
conflicts, protected areas, forests, accidental deaths, vehicular traffic, confrontation among
animals

INTRODUCTION

The populations of the Asian Elephant (Elephas Max
imus) in the wild, presently, have a discontinuous dis-

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-]N a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

tribution in the northern, eastern, and southern ranges
in India. In the past, elephant populations of the north
from the Yamuna River to the Brahmaputra River used
to migrate freely from one end to the other, travel
ling a maximum distance of approximately 1300 km
to meet ecological requirements in the foothills of the
Himalayas. But ecologically unplanned linear devel
opments such as railroads, highways, and canals, in
dustrial establishments as well as human encroach-
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Fig. 1. Rajaji — Corbett elephant conservation unit.

merit on the original habitats and migration corridors
hav'e adversely effected their free movements and frag
mented this 1300 km long migratory route into iso
lated zones. A sizable number of elephants («sl600),
are found between Yamuna River and Indo-Nepal bor
der in the foothills of Himalayas, Uttranchal State, In
dia. This belt of about 300 km long, is itself fragmented
in several zones. Of these, 3 major zones which harbors
90% of the elephant population in the Rajaji — Jim Cor
bett conservation area are between (I) Yamuna River
and Ganges River (II) Ganges River and Kho River
(III) Kho River and Kosi River (Ram Nagar town). The
present study and the discussion that follows focus on
the man-elephant conflicts observed in Rajaji National
Park in Haridwar and Dehradun districts of Uttranchal
State due to linear developments (Fig. 1. Rajaji — Cor
bett Elephant Conservation Unit).
The main topographical features of the area
bounded by Rajaji National Park are hilly torrents that
link the river through deep forests. These torrents are
not very steep and thus facilitate the movement of wild
elephants. As long-distance and short-distance migra
tion of wild elephants in the habitat is generally along
torrents, the structures made at the junctions of tor
rents and railroads, highways, and canals play a sig
nificant role in their movement.
In this context, the aim of this paper is to find ways
to make these structures eco-friendly at the new loca
tion or modify the existing ones so that elephants can
walk across with ease and restore the lost continuity of
their fragmented habitat. If corrective measures on the
lines suggested in this paper are delayed any further,
this largest and most majestic terrestrial mammal will
slip into history like the Dinosaurs.

THE STUDY AREA — RAJAJI NATIONAL PARK

The National Park is located in the foothills of Shivalik
Range and Garhwal Himalayas between 29°52' to
30°I6'N and 77°52' to 78°22'E in Haridwar, Pauri, and
Dehradun districts of Uttranchal State. The altitude of
the main portion of the park lies around 365.0 m above

mean sea level. The Ganges flows 24 km through the
park dividing it into 2 unequal halves, with a core
area of 820 sq. km. The larger western portion occupies
571 sq. km (right bank) and the smaller eastern portion
covers 249 sq. km (left bank). The park has significant
conservation values. It includes a large area of the
fragile Shiwalik ecosystem. The fauna and flora of
this region have affinities to those of the Himalayan
and the Gangetic Plains Biogeographic Zones (2 and
7 categories of classification of Rodgers and Panwar,
1988). It is important to note that the park is home
to a good population of fhe Asian Elephant {Elephas
?naximus).
The area is largely "Moist Deciduous Eorests"
(Champion and Seth, 1968) with the subtypes, moist
Shiwalik Sal {Shorea robusta), moist Bhabhar Dun Sal
and dry Shiwalik Sal which cover about 75% of the
park area. The remaining area is under mixed forests
along torrents and on the hills. Riparian forests exist
along the Ganges. On higher slopes, the area around
the ridgelines usually has a sparse cover of pine tree
(Pinus roxburghii) and an abundant grass cover in flat
areas. Commensurate with the considerable diversity
of habitat types, the National Park harbors rich fau
nal diversity. The Elephant is the most important flag
ship species found in this Protected Area. There are
approximately 453 elephants in the Park according to
the latest census by the authorities. Among the com
mon herbivores are the Sambar (Cervus unicolor), Chital {Axis axis), Barking deer (Muntiacus mimtjak), Goral
{Nemorliaedus goral). Nilgai (Boselaphus tragocamelus).
Common Langur {Presbytis entellus), and Rhesus Mon
key {Macaca mulatta). Omnivores are the Sloth Bear
{Melurus ursinus), Wild Boar {Sus scrofa), and Indian
Palm Civet {Paradoxurys Hermaphroditus). The carni
vores present are the Tiger {Panthera tigris). Leopard
{Panthera pardus). Wild Dog (Cuon alpinus). Jackal {Ca
ms aureus), and Hyaena {Hyaena hyaena). Reptiles in
Rajaji National Park are represented by a number of
snakes including the Python {Python molurus). King
Cobra {Ophiophagus hannah). Common Krait {Bungarus
careruleus), and Indian Cobra {Naja naja). There are
some 315 bird species in the Park, which include res
idents and migratory, terrestrial, and water birds.
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THE PSYCHOLOGY AND HABITS OF ELEPHANTS

Elephants are long distance migratory animals. The
migration is very important for elephants fodder and
water requirement and maintaining gene flow. Ele
phants devote about three fourth of their lifetime to
wards feeding or moving towards a food or water
source. They stay in an area for a few days and then
move to another area. They like to take baths daily in
summers in deep water. It has been observed that dur
ing warm weather, groups of elephants try to reach the
water spots at noon or in the afternoon. As the avail
ability of water and fodder changes seasonally in the
park, the short distance migration also plays an impor
tant role in the life of elephants.
Being a sensitive and intelligent animal, the ele
phant requires a free environment without any hin
drance. If the herd finds any obstacle on the move
ment track, it tries to avoid the route even at the cost of
travelling long distances to fulfil the same requirement
elsewhere. The elephant moves very cautiously in the
group for the safety of their younger ones. There is an
intense bonding and love between elder/parent ele
phants and their calves. Normally, to achieve a sense
of security, the baby elephant moves under its mother
and at the time of crossing any deep difch or obstacle,
the mother lifts the infant with its trunk. They do not
tolerate any man made structure with a roof because

none exists in the natural environment. They normally
move in herds in a spread pattern but within visi
ble range. The elephants consume 75-150 kg of food
and 80-160 1 of water every day. Their food consists
mostly of grass, tender shoots, twigs, barks, leaves, and
fruits (Shoshani, 1992). At times the herd walks into
fields of sugarcane, rice situated in the vicinity of the
park.

THE LINEAR DEVELOPMENTS-OBSTACLES IN
ELEPHANTS’ PATHWAY

The migration of elephants and their gene flow are
threatened by following major linear developments in
the study area. The alignment of railroads, highways,
canals, and Chilla-Motichur corridor in Rajai National
Park is shown in Eig. 2.
Harldwar-Rishikesh/Dehradun highway and railroad

The Haridwar-Rishikesh/Dehradun highway and
railroad run across the narrow Chilla-Motichur corri
dor in Motichur Range on the right bank of the Ganges
River. These obstacles divide the Park in 2 segments.
Initially it was a forest road and the traffic intensity
was low. With the passage of time, lucrative tourism,
hydroelectric potential and the strategic importance of
the India-China border, converted this road into a life
line to Garhwal Hills and forced on it a high intensity
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of mixed traffic, round the clock. A one hundred year
old single lane broad gauge rail track runs parallel to
the highway (about 50-150 m apart) between Motichur
and Raiwala. It has become a busy route with the intro
duction of many fast moving trains. Both, the railroad
and the highway cross the main migration track of ele
phants in the narrow Chilla-Motichur corridor.
Garhwal-Rishikesh-Chilla Hydel Project

Garhwal-Rishikesh Chilla Hydel Project is a run-ofthe-river scheme on the left bank of the Ganges River. It
utilizes a drop of 33 m in the river, from Veerbhadra to
Chilla (4 km upstream of Haridwar Barrage, the head
works of Upper Ganges Canal). The river discharge
available at Veerbhadra has been diverted by a barrage
into a 14.3 km long hydropower canal. After gener
ating power at Chilla Power House, the water is dis
charged back into the Ganges River through a 1.2 km
long tailrace canal. This project was commissioned in
1982.
Among the important features of the project, a 312
m long barrage is located on the Ganges at Veerbhadra,
about 4 km downstream of Rishikesh. It has 15 bays
(4 under sluice and 11 other bays). A 14.3 km long
power canal with discharge capacity of 20,000 cubic
feet per second runs almost parallel to the Ganges
on the left bank through hilly terrain. Its bed width
is 12.5 m and depth 9.1 m. The complete canal is
lined with cement concrete tiles with side slopes of
1.75:1 (V : H). There is a powerhouse with 4 turbines
of 36 MW each, generating 725 million watts per year.
This power is supplied to the State grid. The whole
project is in the high-intensity zone of wild elephants
in the Rajaji National Park.
Eastern Ganges Canal Irrigation Project

The Eastern Ganges Canal with a capacity of 4850 cubic
feet per second, takes-off from the left bank of the
Ganges from the Haridwar barrage and carries water
to the districts of Bijnor and Moradabad Uttar Pradesh
State for irrigation. The bed width of the canal is 12 m,
the water depth 4.5 m and the side slopes are 1.5:1
(V : H). The canal is partly cement concrete tile-lined
and partly stone-pitched in the head-reach. The headreach of the canal is also in high intensity zone of wild
Asian elephants.
Kotdwar Landsdown Road

The road traverses the Rajaji — Corbett Corridor and
runs parallel to the Kho River. Kotdwar is the base
station for Pauri Garhwal hills and this road caters to
a mixed-traffic (pedestrians, cycles, motorcycles, jeeps,
cars, trucks, buses) of medium intensity, round the
clock.

LINEAR DEVELOPMENTS-THE ARISING CONFLICTS

The intra-zone migration of elephant herds in the con
servation area has almost been stopped due to man
made barriers such as railroads, highways, and canals,
but the genetic exchange between populations is still
carried on, by bull elephants migrating across these
artificial barriers. The gene flow however cannot con
tinue for long in the existing fragile habitat corridors
between the zones, if it is not immediately strength
ened by planned conservation. The confrontation of
elephants with moving traffic on railroads and high
ways has made them irritable, restless, and prone to
accident. It is shocking that elephants, water-loving an
imals, are not able to reach the Ganges River in Rajaji
National Park, which has been their lifeline since time
immemorial and are forced to use water from alternate
sources such as artificial tanks and natural ponds.
Haridwar-Rishikesh/Dehradun highway and railroad

Elephants have to cross the twin railroad and highway
(12 m wide) obstructions through a narrow width of
1-2 km forest to drink and bathe in the Ganges River
and to go to other side of the park in Chilla-Motichur
range. These days, there is high-density mixed-traffic
on this route, round the clock. The herds are unable
to cross the road during the day. Rarely do they cross
the road at night through gaps in the traffic. Lone
bull elephants at times are seen crossing the road even
during the day.
There are number of trains between 5 and 11 p.m.
on the Haridwar-Rishikesh/Dehradun rail track. This
is also the time that most herds cross the track. Sixteen
elephants have died in train accidents in the last
13 years (Table 1). Normally one would feel that any
train can hit an elephant crossing the track, but it is
not the case. There is an intense bonding and love
between elder/parent elephants and their calves. On
several occasions when a train passes through the
park, while an elephant herd is crossing the rail track,
members of the herd become divided in 2 groups
by the moving train. This situation creates confusion
in the elder members of the herd (particularly the
elder females) who think that the younger members
of the group on the other side of the train were killed
by the running train, because they are out of their
sight. So this situation creates confusion leading to
their accidental deaths. In most of these rail accidents,
dead elephants were mothers and their calves. Train
workers have frequently spotted baby elephants at
accident sites. In a recent accident on 2nd May 2000,
the dead elephant was a female and the forest officer
who first reached the accident site observed milk in
her breasts. This meant that the weaning mother might
have performed an attack on the moving train thinking
that it had killed her young one. It establishes that
the bondage between the mother and the calf, as
well as herd psychology accounts for most of the rail
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Table 1. Elephants death in train accidents on Haridwar-Dehradun rail track, in Rajaji National Park, Uttranchal, India
S. No

Date

Time

No. of
deaths

App. age
(years)

Sex

Name of the train

1
2
3
4
5

28/4/87
16/3/88
24/2/89
1/1/92
2/5/92

22:00
2:18
20:45
5:30
2:10

1
1
1
1
4

13
30
4
80
45

F
F
M
F
F

Mussoorie Express
Goods Train
Ujjain Express
Haridwar Passenger
Goods Train

45
40
4
35
8
55
35
6
1
35
25

F
F
M
F
M
M
F
F
F
F
F

6
7
8
9

10
11

22/11/92
10/5/94
17/5/94
29/9/98

12:00
22:00
20:40
19:50

1
1
1
3

3/4/99
2/5/00

22:30
21:45

1
1

Remark

A calf, named Raja, recovered from the accident
site, is now in the custody of forest department
at Chilla.

Goods Train
Mussoorie Express
Ujjain Express
Janta Express

Mussoorie Express
Howrah Express

Milk observed in the breasts of the dead elephant
suggest the passing train separated the wean
ing mother from the calf.

Total 16 Elephants have died in last 14 years.
Source: U.P. Forest Department and News Papers.

accidents inside the Protected Area. Due to the heavy
traffic on the road and death of elephants in train
accidents — the movement of the herds from forest
to river (long distance migration) has almost stopped
along the Motichur-Chilla corridor. As a result the
elephant population (%300) on the right bank of the
Ganges River is trapped in the zone.

CHILLA
CANAL
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GANGES RIVER
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m

Fig. 3. Bin super passage over Bin Torrent.

Canal of Garhwal-Rishikesh-Chilla Hydro Electric
Project and irrigation canal of Eastern Ganges Project
on the left bank of the Ganges River

As a result of the construction of the canal on the
left bank, 20.0 km long forest bank touching the
river has been reduced to only 1.0 km upstream of
Veerbhadra Barrage and 4-5 km between Chilla Power
House and Haridwar Barrage for free movement of
elephants to the Ganges River. There are 7 major cross
drainage works on the junction of the power canal
and torrents/streams. At a few locations, provisions
are made for the movement of elephants through
these structures. Unfortunately, the provisions made
at these locations are insufficient and non eco-friendly,
as elephants have not accepted these structures, even
after 17 years of the construction of the project. Details
of the critical structures on the canal are given below:
- Bin super passage: The structure is such that the
torrent passes over the canal. Also, the appearance
of the entire structure merges with the forest back
ground (Fig. 3). This is readily acceptable to ele
phants. The width of the structure is 120 m, good
enough for the movement of elephants. But the rows
of cement concrete blocks, just downstream of the
barrel of the canal, used for energy dissipation are

Fig. 4. Energy dissipation works downstream of Bin super passage
barrel.

placed at a level-difference of 1 m. This creates prob
lems for elephants (Fig. 4). Elephant calves are not
able to cross four parallel obstructions each 1 m high,
side by side. Before the construction of the project,
this was a major migration route for elephants.
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- Duggada drainage crossing: Here the canal passes
over the torrent where six barrels, each 5.0 m wide
and 5.25 m high, have been constructed. Though the
size of barrels is appropriate, the "tunnel syndrome"
of the barrels repels most of the elephants. However,
lone bull elephants have been observed crossing
these barrels (Fig. 7).
- Bridges on canal: There are 2 road bridges on the
power canal at the sixth and eighth kilometer stones
(Fig. 10). Wildlife and traffic mo\'ing on the canal
inspection roads commonly use these bridges. It has
been observed that herds seldom cross these bridges
during night only. They avoid moving during the
day due to traffic on the inspection roads on either
side of the canal. Another reason for not using
the bridge in daytime is that the sight and sound
of turbulent water gushing below the bridge is
horrifying to the elephants. Once again, it is only the
lone bull elephant, which have been observed using
this bridge in daytime.
- Artificial water tanks: Four water tanks were con
nected with the canal as alternate water source to
the river for the water requirements of elephants. In
time, the water in these tanks grew putrid. The tanks
are located very close to the canal inspection road
and there is not much forest between the canal and
the tanks. The elephants get disturbed by the mov
ing traffic on the road and the element of safety that
elephants need while drinking and bathing has been
denied. On several occasions it was observed that
the elephants returned to the forest without using
the water tanks due to the disturbance on the road,
even on v'ery warm days.
Canal of Eastern Ganges Irrigation Project

The head-reach to this canal is in the high-density
zone of elephants. The movement of elephants to the
Ganges River is almost halted due to construction
of this canal in the head reach. Currently the canal
is running only during monsoons. The details of the
critical structures are discussed below.
- Hathi Sot torrent: A famous torrent named Hathi
Sot {Hathi means elephant and Sot means torrent)
is situated on the head reach of the canal. As part
of the project, a drainage crossing (aqueduct) was
constructed at the junction of canal and the torrent.
Before construction of the canal, this torrent was one
of the main routes for elephants to go to the river. In
the evenings, the elephants could easily be sighted at
this spot from January to May. After the completion
of the Eastern Ganges Canal Project, this age-old
migratory route to the river has been blocked. These
days, the herds move to the road causeway from this
torrent and then move along the road towards the
river, and that too, only at night.
- Sidh Sot torrent super passage: Before construction
of the canal, the elephants used this torrent to go

Fig. 5. Road cause way on Haridwar-Bijnor highway and Sidh Sot
torrent.

to the Ganges River. Now a cross drainage struc
ture (super passage) on the canal and a road cause
way just downstream of super passage has been con
structed at the torrent crossing. The appearance and
shape of the super passage and causeway are appar
ently acceptable to the elephants, but the traffic on
the Bijnor-Haridwar highway and the vertical drops
of "launched" cement concrete blocks (used as an
energy dissipation device) just downstream of the
road causeway has restricted the movement of ele
phants from foresf to the Ganges River (Fig. 5).
As of now, the movement of elephants is not much
disturbed on the left bank of Ganges River between
Haridwar barrage and Chilla, because the intensity of
traffic on the forest roads is low. But in future, if the
intensity of traffic increases it may become hazardous
for elephants, thus isolating the entire left bank of the
Ganges River in the Park. Other important animals
of the park such as tiger, leopard, and deer use the
openings made in the cross drainage structures on the
canals to go across without any problem. On several
occasions, leopards and tigers have been observed
resting in the barrels of syphon of the cross drainage
works during summer.
Due to blockage of migration routes, herds are
forced to live off the food-plants available in their zone
and are not able to forage other plants available in
other parts of the forest. They are also not able to reach
the Ganges and instead have to use alternate sources
of water. This may eventually cause problems for them
because there is a difference in the quality and nature
of alternate sources of water. In the last few years, the
mortality rate of elephants due to infighting among
herds has also increased. The group-clashes ensue due
to assemblage of large number of elephants near the
only available passage from the forest to the river,
when the water sources dry up in the upper reaches
of the park area.
Another non eco-friendly feature is the use of boul
der wire crates (Gabions) for guiding the water flow
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in the torrents/rivers. The single wire edge in the
side/top of the wire crate pierces the legs of elephants
when they move on the wire crates. Being sensitive an
imals they never reuse the same path in which such
hurdles exist.
Kotdwar-Lansdown Road

The presence of vehicular traffic on the road round the
clock, the steep hillside and valley side walls/edges
of the road and presence of local population near
the migration route, have completely stopped the
migration of elephant herds between the parks.

in the area also has to be considered while designing
structures. For instance, elephants are not ready to ac
cept any type of structures, which have a roof because
of the "tunnel syndrome." However tigers, leopards,
and deer were observed to use these structures without
any problem. Likes and dislikes of differenf wild ani
mals towards various engineering structures and ac
tivities should also be studied in detail and considered
when planning their shape, size, and general appear
ance. The existing designs of engineering structures
on the power canal are not very conducive to animal
movements. Alternative structures or modifications to
the existing ones are discussed below:

MITIGATION MEASURES

Energy dissipation works at downstream end of road
causeway or super-passage on canals

Considering the conservation implication of arrested
migratory movements of elephants between popula
tion of 2 unequal halves of Rajaji National Park and
within the larger Rajaji — Corbett conservation area,
there is an urgent need to develop a sound con
servation plan to reopen the identified blocked mi
gratory routes/corridors by modifying existing struc
tures and by constructing new alternative structures
as per requirements of wild animals. There is also a
need to avoid mistakes of the past in the ecological
planning and designing for future engineering structures/activities. By doing so, the developmental activ
ities and the wild life can continue in tandem in the
desired direction without confrontation.

If the topography of the area permits and the traf
fic intensity is low then road causeways are better
than bridges for making the road-crossing structure on
the torrent. Similarly a super-passage (torrent passing
above the canal) is better than an aqueduct or a syphon
(canal crossing over the torrent). As road causeways or
barrels of canal cross-drainage works (super passage)
are made straight across the torrent, a vertical drop is
formed just downstream of the structure. In general ce
ment concrete blocks or boulder wire crates are used
at this spot for energy dissipation of flow of stream.
The "launching" of these cement concrete blocks or
boulder wire crates creates vertical drops creating se
rious hurdles for the movement of wild animals along
the torrent. If sloping glacis type energy dissipation
arrangement is provided at this spot then both the re
quirements can be the fulfilled, that is, dissipation of
energy of water in the torrent and the movement of
wildlife due to easy slope. A photograph of sloping
glacis type energy dissipation system at downstream
end of road causeway on Haridwar-Bijnor highway
is shown in Fig. 6. If similar arrangement is made at
downstream of Bin super-passage on the Chilla Canal

Measures for improved conservation planning

Considering that whatever damage from linear devel
opments such as railroads, highways and canals that
has been done carmot be undone, restorative strategies
should be adopted for an improved conservation plan
ning of the area. Restoration of degraded habitats and
attempts to control future damage resulting from re
source extraction and incompatible land use practices
as well as fast-progressing developmental activities in
the corridors are perhaps the only possible means to
regain some levels of lost corridors among the adja
cent elephant habitats (Johnsingh, 1990). A balanced
utilization of resources between the elephants and the
resident human population by careful planning the lo
cation of artifical water sources and promoting regen
eration of species of fodder plants would eliminate to
a great extent the stress on the basic ecological require
ments of food and water for elephants and other wild
animals.

-v m *.
road
cause
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Design alternates for engineering structures

A careful blend of ecological considerations in the
planning of engineering structures on railroads, high
ways, and canals such as cross-drainage works, brid
ges, causeways, etc. satisfying the requirements of the
wild animals of the area, can play a major role on their
movement. The psychology of the wild animals living

Fig. 6. Sloping glacis type energy dissipation system at downstream
end of road causeway on Haridwar-Bijnore highway.
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Fig. 10. Bridge on Chilla power canal.
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crossing.

and at downstream of road causeway on Sidh Sot tor
rent on the Eastern Ganges Canal, then the elephants
can move along these structures without any problem.
Construction of aqueducts on canal

When the topography of the area does not permit
construction of super passages (torrent/drainage pass
ing over canal), the other alternate engineering struc
tures like aqueducts (canal passing over the torrent/
drainage) are constructed (Fig. 7). While designing
aqueducts, the following points should be considered
for making the structure eco-friendly. The width of the
structure should be approximately equal the width of
)iala/drainage/torrent so that the barrier effect is mini
mum. The headroom in the structure should be as large
as possible so that the forest on the other side of the
structure is visible to the moving animals in the torrent.
A perspective view of eco-friendly alternate Duggada
drainage crossing is shown in Fig. 8. This will have less
barrier effect and no tunnel type appearance or effect
in comparison to the existing structure shown in Fig. 7.

Construction of bridge on road

When the topography of the area does not permit the
construction of road causeways, then bridges are made
for crossing the torrent. In bridges, instead of pier and
beam type structures, arch type structures with large
headroom will be more acceptable to wildlife on the
move (Fig. 9).
Construction of over bridges on canai for crossing of
wildiife

As observed in the case of the Chilla Canal, bridges
can be a good alternative for crossing of the canal
by elephants, if design satisfies their requirements.
Existing bridges on the canal are common for vehicular
traffic as well as wildlife. The width of the roadway
and the height of side railing in the existing bridge
are less. Photograph of an existing bridge on the
Chilla power canal appears in Fig. 10. If the bridges
are designed with the following considerations then
the elephants will accept them for crossing the canal:
(1) The width of the bridge should be at least 2530 m for movement of big herds. (2) The side wall
or railing should be blind up to a height of at least
3.6 m or blind up to 1.5-2.0 m with camouflaging up
to a height 3.6 m with some locally available creeper
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Fig. 11. Carcass of elephants killed in train accidents in September
1998.

Fig. 12. Carcass of elephant killed in train accident in May 2000.

SO that the elephants will not be visually disturbed
while using the bridge by the sight of the turbulent
water in the canal. (3) The side walls of the bridge
should be constructed in an eco-friendly manner, such
as making artificial earth pockets on the wall surface
to grow some creepers or local vegetation to make
the appearance of wall surface match the surrounding
forest.

Artificial water tank fed from canal

The major draw backs in the present design are that
they are small and located very close to the canal
inspection road. Moreover, they lack any forest cover
between the road and the canal. This can be rectified
with the following provisions. The tank should be
sufficiently large to accommodate big herds. There
should be sufficient forest cover between the canal
inspection road and the tank so that the elephants are
not disturbed by the moving traffic on the road. There
should be circulation of water by providing an outlet
so that the quality of water is maintained and the tanks
should be cleaned periodically, at least twice a year, to
maintain the quality of wafer.
Death of elephants in train accidents

As discussed earlier, about 16 elephants have died due
to collision with trains in the last 13 years (Figs. 11
and 12). These collisions can be avoided in 2 ways —
wider eco-friendly over-bridges along the established
migration routes of elephants for crossing the rail
road, righway and adequate training to train drivers.
Guided paths should be developed from forest to the
over-bridge entry point to blend-in these structures
with the forest. This would enable the animals to lead
upto and use these over-bridge without a problem. If
the elephants use the structure once without any dis
comfort, then it is assured they will use it regularly in
the future. A computer generated perspective view of
the eco-friendly over bridge on railroad and highway
is shown in Fig. 13. Also, the train drivers should be

Fig. 13. Perspective view of proposed eco-friendly over bridge on
existing railroad and highway.

taught the herd psychology and they should be vigi
lant while driving the train through the park area. If
the drivers see elephants by the side of the railway
track, it should be made mandatory for them to stop
the train so that the elephants can adjust to the pres
ence of train. The driver should restart the train only
when he is convinced that all the members of the herd
have moved to the forest. Two powerful side lamps
should also be provided in addition to the headlamp
for better vision in the forest area because all the train
accidents took place in night only.

CONCLUSION
Remedial measures

Rajaji National Park is a typical example of pursuit for
conservation in which the ecological requirements had
to be compromised at the time of its declaration as
a protected area, because of the major developments
already in place. Not much can be achieved to miti
gate the irreparable damage already caused by the con
struction of canals, railroads, and highways, therefore
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the following measures need to be implemented. First,
wherever possible attempts should be made to mod
ify the existing structures/activities matching the re
quirements of a friendly environment for fhe wildlife
to prosper. Second, when an option to modify the de
signs is not available at a later stage, conservation plan
ning should incorporate the principles and practices of
restoration ecology.
For new constructions inside the protected areas

Careful planning of engineering and infrastructure
projects should be done in the wildlife areas to avoid
ecological disasters. In future, the design of the bridges,
other cross-drainage structures on railroads, highways,
canals, and over bridges, or subways for wildlife in
a protected area, should integrate the findings of this
study so that the movement of wildlife is not disturbed
and the barrier effect and visual impacts are minimum.
These measures can also be applicable to other similar
species as well. The authors believe that if the struc
tures erected on the migratory route of wild animals
satisfy the requirements of wildlife, developmental ac
tivities will have much less adverse impact on wildlife
and vice versa.
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Environmental Issues Associated with
the Cuiaba Natural Gas Pipeline in Bolivia
Bruce D. Barnett

Enron constructed a 630-km, 18-inch gas pipeline from the Bolivia-to-Brazil pipeline at Ipias, Bo
livia to a 480 MW power plant in Cuiaba, Brazil. The pipeline crosses a large (160-km) tract of
sensitive "Chiquitano" dry forest in eastern Bolivia, of particular concern to regional conserva
tion. Following several Environmental Assessments (ENTRIX, 1998; ENTRIX, 1999; Fundacion
Amigos de la Naturaleza et al., 1999) of the project. The Overseas Private Investment Corporation
(OPIC) determined that detailed routing surveys were still necessary to assure avoidance of "high
quality" Chiquitano forest and wildlife habitat along the route alternatives, and to minimize engi
neering constraints of pipeline construction on slopes subject to severe erosion. A field evaluation
of the environmental characteristics of alternative route recommendations in the SEA concluded
that: (1) the tropical dry (Chiquitano) forest along nearly the entire length of the route has been
significantly altered by human influences related to fire, selective hmber harvest, mining, and cat
tle grazing; (2) four minor route modifications avoided all remaining, significant ecological and
topographical sensitivities with no net increase in construction costs; (3) managing induced access
along the right-of-way during construction (through ROW access control) and post-construction
revegetation can help to minimize cumulative, indirect impacts on the regional ecosystem; and
(4) a $30 million Conservation Fund, administered by local and international conservation organizahons, will contribute to long-term regional protection.
Keyivords: Pipeline routing, tropical forest, Latin America

INTRODUCTION

The Cuiaba Pipeline is located in the western and cen
tral part of the Department of Santa Cruz in east
ern Bolivia. Also referred to as the Rfo San MiguelSan Matias Pipeline, it begins at kilometer post (KP)
242 of the existing 32-inch Bolivia-to-Brazil natural
gas pipeline, and runs in a northeasterly direction for
361 km to San Matfas, Bolivia. The 18-inch pipeline
then continues on to Cuiaba, Brazil, where it will pro
vide natural gas to a 480 MW combined-cycle, thermal
power plant in Cuiaba, Mato Grosso, Brazil (Fig. 1).
The construction right-of-way (ROW) is a maximum
of 30 m in width, with a maximum ROW width dur
ing pipeline operation of 15 m. Assuming a 30-m con
struction ROW, the Cuiaba Pipeline Project (Bolivian

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

portion) directly disturbed an area of approximately
1050 ha.
Following preparation of an Environmental Impact
Assessment (EA) of the project in June of 1998, it
was determined that additional environmental infor
mation was required to more closely evaluate the im
pacts of pipeline construction on sensitive, tropical,
dry (Chiquitano) forest habitat in the region. A Supple
mental Environmental Assessment (SEA) was subse
quently prepared for OPIC by a consultant/NGO team
of 31 scientists in May of 1999.
The SEA considered three areas along approxi
mately 160 km of the originally proposed pipeline
route to be of sufficient ecological sensitivity to require
alternative route recommendations. These route alter
natives were presented in order to:
1. Avoid "high quality" Chiquitano Eorest,
2. Avoid valuable wildlife habitat associated with rid
ges (Serranias) in the region, and
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Fig. 1. Project location.

3. Minimize engineering constraints of pipeline con
struction on steep slopes, subject to severe erosion
potential.
The present study was commissioned in July of 1999
to evaluate the geological, biological, and archaeolog
ical characteristics of the proposed pipeline reroutes
recommended in the SEA and to make minor modi
fications to these alternative routes, based on environ
mental sensitivities observed.
Chiquitano Dry Forest and Serranfa Cerrado Vegetation
of Eastern Bolivia

The pipeline passes through approximately 160 km of
Chiquitano Dry Forest in eastern Bolivia. This forest
type is listed by the World Wildlife Fund (WWF) as
one of the world's 200 most important ecosystems.
With an area of almost three million hectares, it is
one of the largest expanses of dry tropical forest in
the Neotropics. This semi-deciduous forest type occurs
between a vegetation gradient separating evergreen
Amazonian forest and the dry forest of the Gran
Chaco in eastern Bolivia, between the headwaters
of the Rio San Miguel and the Bolivian pantanal,
at an altitudinal gradient between 300 and 1200 m
above mean sea level. This forest type has a nearly
continuous forest canopy, is generally 20-25 m tall, and
contains an average of 65 tree species per hectare and
a dense representation of lianas, which appears to be
a standard feature of the transition between dry and
moist forests to the west (Parker et al., 1994).

The pipeline route also passes several, isolated
sandstone ridges (Serranias), uplifted along this south
western fringe of the Brazilian Shield during the Mezozoic, which support a distinctive vegetation and flora
known as "Cerrado", similar to that found in the Cer
rado biogeographic region of central Brazil. The moun
tain Cerrado vegetation in this region, subject to harsh
microclimatic and edaphic conditions that lead to spe
cialization and reproductive isolation, also contains
numerous regional endemic species (Fundacion Ami
gos de la Naturaleza et al., 1999). This distinct set of
plant communities interfaces with the valley bottom
dry forest (with little floristic overlap) at an elevation
of about 400 m. Most of the slopes of these ridges are
dominated either by a: (1) fire-tolerant open woodland
with widely separated, small trees with twisted trunks
and thick bark and an grassy understory, or (2) dense
woodland with an almost continuous canopy and no
grass below, that intergrades into closed-canopy dry
forest toward the base of the slopes. This is a conspic
uously species-rich habitat, with over 30 woody plant
species. The tops of the ridges support an open, campo
rupestrine (rocky) formation with a distinct vegetation
association of grasses, sedges, and low herbs with scat
tered bushes and small trees (Parker et al., 1994).
Seasonal wetlands associated with rivers in the re
gion make up another unique geomorphologic land
scape, known as "Fagunillas." More than 800 separate
marshes and ponds (enriches) are scattered across the
alluvial fan formed by the three streams that traverse
the area (Fundacion Amigos de la Naturaleza et al.,
1999).
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Table 1. Dry and Chiquitano forest timber species along the survey route
Scientific name

Amburana cearensis
Anadenanthera colubrina
Aspidosperma pyrifolium
Aspidosperma rigidum
Astronium urundeuva
Calycophyllum multiflorum
Cedrela fissilis
Ceiba samauma
Chorisia speciosa
Curatella americana
Callesia integrifolia
Hymenaea courbaril
Jacaranda cuspidifolia
Machaerium scleroxylon
Pseudobombax marginatum
Schinopsis brasiliensis
Sterculia apetala
Tabebida heptaphylla
Tabebuia impetiginosa

Common name

Habitat

Commercial value

Roble
Curupau
Jichituriqui
Jichituriqui bianco
Cuchi
Palo bianco
Cedro
Mapajo
Toborochi
Chaaco
Ajo
Paquio
Jacaranda
Morado
Peroto
Soto
Sujo
Tajibo Negro
Tajibo

DCF tall
DF disturbed
DF to disturbed sub humid
DF disturbed
DCF disturbed
DCF on poorly drained soils
DCF disturbed
DCF tall
DF
Pampas y savannas
DF to semi humid
Tall forest on poorly drained soils
DCF
DCF tall
DCF short and savannas
DCF tall
DCF short
Savannas and flooded pampas
DF

High
Low
Low
Low
High
Construction
High
Construction
Construction
Construction
Construction
Construction
Construction
High
Construction
High
Construction
Low
High

DCF = Dry Chiquitano Forest, DF = Dry Forest.

The region's diverse habitats, including upland and
wet savannas, flooded marsh, gallery forest, and rocky
outcrops, also give it a rich vertebrate fauna. At least
257 bird species, as well as caimans, land tortoises,
tapirs, peccaries, brocket and marsh deer, jaguars,
pumas, ocelot, maned wolves, bush dogs, river ot
ters, coatis, kinkajous, howler monkeys, marmosets,
capuchin monkeys, armadillos, anteaters, and capybara live in the Chiquitano. Twenty vertebrate species
are classified as endangered or vulnerable and nearly
90 mammal, bird and reptile species — including the
hyacinth macaw and ocelot — are protected under
the Convention on International Trade in Endangered
Species (CITES). Cerrado vegetation provides impor
tant habitat for a variety of birds and mammals. The
cliffs and rock outcrops associated with the ridges
where this community occurs along the pipeline route
provide critical nesting habitat for several rare bird
species, including the orange-breasted falcon, cliff fly
catcher, and hyacinth macaw.
Archaeological resources

The pipeline route passes through the ancestral lands
of the Chiquitano people, who have occupied the re
gion since pre-Hispanic times. Though there have been
no formal archaeological studies of Chiquitano com
munities, artifacts recovered from the area — ceramic
vessels, worked stone, bone ornaments, and what ap
pears to be ritual offerings consisting of complete ce
ramic vessels and other objects — are the only remain
ing evidence of the numerous agricultural settlements
that once dotted the alluvial plains. Today, the indige
nous Chiquitano population numbers approximately
20,000-40,000 individuals.

Protected areas

Ninety-three kilometers of the pipeline route crosses
the northeastern portion of the San Mattas Integrated
Management Natural Area, which was created in 1997 to
conserve Chiquitano Forest, protect the cerrado vege
tation of the Serranias, develop eco-tourism activities,
establish a biological corridor to the Brazilian Pantanal
and promote sustainable production activities. Human
settlement is permitted in the Natural Area, as is "min
ing, energy utilization, and /or infrastructure develop
ment in exceptional cases and in cases of national in
terest" (Supreme Decree 24734,1997).
Human activity in the region

Logging
Legal and illegal forest exploitation has occurred in
the region for approximately 30 years and numerous
logging roads and skid trails are evident throughout
the area. The Chiquitano forest is rich in timber, and
while it supports only moderate levels of tree diversity
when compared to humid tropical forests, it contains a
greater abundance of species with high wood density
(hardwoods). The structure and composition of the
dry deciduous (Chiquitano) forest along the survey
route suggests the ongoing, selective extraction of
commercial hardwood species (see Table 1).
Forest exploitation in Bolivia has been subject to
specific regulations and guidelines only for the past
several years. All timber companies operating in the
country (see Fig. 3) are now required to develop and
comply with an Annual Forest Operations Plan.
While some studies indicate that the area disturbed
in the region is generally small (Fredericksen, 2000;
Fredericksen and Licona, 2000; Fredericksen and Mostacedo, 2000), the previously uncontrolled harvest of
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commercial timber has led to a consistent reduction in
the stock of hardwoods in the region. Primary forest
vegetation in the vicinity of the proposed pipeline now
occurs only in infrequent patches (forest fragments),
due in part to the opening of roads, skid trails, and
lumber yards associated with harvest activities.
Years of selective logging in the region with little
subsequent forest management have led to a prolif
eration of secondary vegetation and the conversion
of the forest to other uses. Due to increased settle
ment and conflicting land use claims in the region,
many of the forest concessions in this portion of the
Chiquitano Forest have been abandoned. Logging by
landowners continues, however, in the vicinity of the
pipeline, whether legal or illegal. Timber extraction
remains highly selective and rarely follows any sus
tainable management guidelines. Our survey crews
frequently came upon areas of fresh-cut Soto, Roble,
Morado, and Cedro. In many cases, the fallen trees
have been left in place, apparently due to low market
value and elevated transport costs (according to local
information sources).
Mining
The pipeline route crosses 10 out of a total of 45
mining concessions in the region (see Fig. 3), totaling
68,500 ha (ENTRIX, 1999 — Don Mario Project-E.M.
Paititi-ORVANA). All mining activity is concentrated
in the central portion of the study area.
Exploration studies in these concessions have
shown concentrations of copper, gold, and silver. The
"Don Mario" Gold Mine, used as a base camp for the
present study, has temporarily suspended activity, due
to a drop in world gold prices and high cost of produc
tion.
Cattle ranching
Subsistence-based cattle ranching in the region has oc
curred since the colonial period. On the Chiquitano
Shield, livestock feed on the local short grasses and
graze extensively throughout the region. In the pam
pas and the pantanal zone, livestock feed more inten
sively cm the more abundant natural grasses of the re
gion.
A total of 14 cattle ranches exist along the proposed
pipeline survey route (see Eig. 3). One ranch alone cov
ers over 50,000 ha. Eamilies in the southern portion of
the study area maintain an average of one to 10 cattle,
with approximately 2000 head grazing in the vicinity
of the local villages. Cattle ranching is even more ubiq
uitous in the flat, pantanal zones in the northern porticm of the study area, where approximately 150,000
head graze on unmanaged grasslands. Almost 20%
(30,000) of these cattle graze on 25,000 ha in the vicinity
of the village of Candelaria. The high concentration of
cattle grazing in this area severely stresses this fragile
grassland ecosystem.

A continued increase in cattle production, combined
with increasing land demand for agriculture and poor
land management, has resulted in the steady degrada
tion of the local, natural ecosystem through conversion
to agricultural uses.
Hunting
Subsistence hunting by indigenous communities is
tiot prohibited by Bolivian law, though hunting by
colonists is prohibited. Consequently, enforcement of
this selective prohibition is nonexistent and poaching
continues to supply bush meat to local markets, as
a subsidy to logging operations, or for sport. As the
population in the region increases, either naturally or
by the continued immigration of ranchers and miners,
uncontrolled exploitation of the local wildlife becomes
a more serious problem.
Fire
The Chiquitano region in the southern portion of
the study area is characterized by dry and semihumid forest vegetation. The climate in the southern
portion of the study area is tropical, with dry winds
(sometimes up to 80 km/h), seasonal rainfall and an
average daily temperature of 25°C. Between May and
September, fire danger increases as the forest becomes
drier, and fires can easily get out of control. While
fires in this region can be of natural origin, it is
highly unlikely during the dry season when very few
storms occur. More likely, the fires are intentionally
set, but poorly managed. During drought periods, it
is common for local residents to burn old grasslands in
order to control weeds, renew the soil and encourage
the growth of new seedlings, ultimately to increase
forage and graze production for cattle. Local residents
also burn the forest understory to open inaccessible
areas for timber exploitation. It is also possible that
such forest fires originate from campfires of poachers
or at logging camps.

STUDY METHODOLOGY

The field surveys were conducted between 17 July and
19 August 1999. Eour survey teams of approximately
20 individuals each were mobilized along the 160-km
pipeline route through the Chiquitano Forest region to
evaluate the geological, biological, and archaeological
characteristics of the proposed reroutes recommended
in the SEA and to make minor modifications to these
alternative routes. Each team included a biologist,
archaeologist, topographer, and engineer, along with
10-15 logistical support personnel (paramedic, cook,
field camp assistant, and support laborers [porters
and brush cutters]). The responsibilities of each team
specialist are indicated in Table 2.
Logistical support for the field teams was central
ized at a base camp midway along the pipeline survey
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Table 2. Survey team specialist responsibilities
Responsibilities

Role
(team leader)
Biologist

Biological/ecological route characterization, sensitive area identification, route modification recommendation, data entry,
and database management.
Coordination with project leaders. Base Camp and team topographer.
Health, safety, security, and environmental policy compliance. MEDEVAC and heli-support coordination.

Archaeologist

Identification of sites with potential archaeological value and establishment of construction monitoring requirements.

Engineer

Identification of engineering and geological constraints during construction, route modification recommendation and
establishment of preventive measures to be applied during construchon to minimize environmental impacts.

Topographer

Identification of topographical constraints for construction and surveying and staking of pipeline ROW centerline.
Coordination with Base Camp for delivery of field supplies. Reporting of daily progress. Coordination of daily team
activities with biologist.

route (Don Mario Gold Mine; Empresa Minera Paititi
S.A. — ORVANA). The camp maintains an airstrip,
direct road access to the nearest village, San Juan de
Chiquitos, an electric power supply, dormitories, din
ing room and kitchen facilities, telephone, fax, and
compufer support and replenishable storage of 50,0001
of potable water. The base camp was used to store and
ship food, wafer, and equipment and to coordinate the
movements of field personnel.
Air support for the supply and transfer of food, wa
ter, camps and personnel throughout the field survey
period was provided by an Alouette helicopter sta
tioned at the Don Mario base camp.
Each field team was outfitted with (Iridium and
Satellite 1) satellite telephones, an HE multi-band radio
and a portable, VHE transceiver. Satellite telephones
were used to communicate with project personnel in
Bolivia, Brazil, and the US. HE radios were used to
communicate with the Base Camp and among field
teams. VHE transceivers were used for communication
between field personnel and the helicopter pilot for
coordinating supply drops and camp relocations.
Prior to the field survey, all available project and
regional information was collected, compiled and re
viewed. The majority of baseline information on the
project and study area was drawn from the (June 1998)
Environmental Assessment (EA), the May 1999 Sup
plemental EA, the May 1999 Independent (NGO) Sup
plemental EA and a 1993 Conservation International
RAP Evaluation of the area, entitled The Lowland Dry
Forests o f Santa Cruz, Bolivia: A global conservation prior
ity (Parker et al., 1994).
Additional information used during the field sur
veys included:
- Topographic base maps of the pipeline corridor
(at both 1:250,000 and 1:50,000 scales), from the
Geographic Military Institute of Bolivia; and
- Vegetation, Sensitive Areas and Pipeline Alterna
tives maps from the May 1999 Supplemental EA.
A decision matrix (Table 3) was developed to clas
sify environmental sensitivities along the pipeline sur
vey route by addressing a range of soil/geological.

Table 3. Environmental decision matrix — factors considered
Issue

Environmental characteristic

Code

Archaeology
Cultural artifacts in s itu
Archaeological site
Topographic indicators of strategic zone
Potential for permanent habitability
Potential for temporary habitability
Resource availability for human settlement

AR-1
AR-2
AR-3
AR-4
AR-5
AR-6

Soils/Geology/Geomorphology
Potential for erosion due to runoff
Potential for landslide
Potential for eolic erosion
Potential for flooding
Poorly drained areas
Low revegetation potential
Slopes
Exposed rock
Salt deposits

SG-1
SG-2
SG-3
SG-4
SG-5
SG-6
SG-7
SG-8
SG-9

Fauna
Breeding/nesting area
Wildlife movement/migration route
Dry season feeding/watering area
Cover/protective area
Endemic species potential
Wildlife concentration area
Riparian/riverine habitat
Frugivore feeding area

FA-1
FA-2
FA-3
FA-4
FA-5
FA-6
FA-7
FA-8

Natural disturbance
Anthropogenic disturbance
Presence of common species
Relative plant diversity
Structural richness/complexity
Capacity for natural regeneration
Endemic species potential
Special vegetation community
Ravine or hill micro-habitat
Palm stands
Intact forest fragments
Ecotones
Wetlands
Swamps/marshes
Presence of introduced (weed) species

FL-1
FL-2
FL-3
FL-4
FL-5
FL-6
FL-7
FL-8
FL-9
FL-10
FL-11
FL-12
FL-13
FL-14
FL-15

Flora
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Table 4. Explanation of environmental features

Feature code
AR-1
AR-2
AR-3

Explanation

AR-4
AR-5
AR-6

Direct surface observ'ation of cultural artifacts
Direct indication of archaeological sites
Likelihood of "strategic" zone, based on topographic features (e.g., observ'ation, defense, storage, housing, communication,
transportation, etc.)
Likelihood of permanent habitability based on topographic features
Likelihood of temporary habitability, based on topographic features
Food and water resources locally available for human settlement

SG-1
SG-2
SG-3
SG-4
SG-5
SG-6
SG-7
SG-8
SG-9

Potential for severe erosion
Potential for landslides
Potential for eolic erosion
Potential for periodic to regular flooding
Limited drainage
Limited revegetation potential, due to poor soils, compaction, rock substrate, dry conditions, etc.
Steep slopes
Exposed rock substrate with low revegetation potential
Salt deposits with significance for local wildlife populations

FA-1
FA-2
FA-3
FA-4
FA-5
FA-6
FA-7
FA-8

Important breeding/nesting area for wildlife (e.g., rivers, lakes, islands, cliffs, large trees, exposed banks, etc.)
Important movement or migration corridor for wildlife (e.g., river, riparian vegetation, intact forest fragment, etc.)
Important feeding/watering habitat, not otherwise available in the immediate vicinity
Important cover/protective habitat, not otherwise available in the immediate vicinity
Presence (or potential) for endemic, endangered, or otherwise unique species
Wildlife concentration area (e.g., roosting, migration, breeding, etc.)
Riverine/riparian environments with important wildlife resources
Important, year-round food source for frugivorous species

FL-1
FL-2
FL-3
FL-4
FL-5
FL-6
FL-7
FL-8
FL-9
FL-10
FL-11
FL-12
FL-13
FL-14
FL-15

Exisfing level of natural disturbance (reflects regeneration capacity)
Existing level of human-caused disturbance (reflects conservation potential)
Presence of common species vs. rare/endemic species (reflects conservation priority)
Relative plant diversity (higher being more sensitive)
Level of structural richness/complexity (reflects ecological capacity, habitat availability)
Capacity for natural regeneration of vegetation (lower capacity = more sensitive)
Presence of endemic or rare/endangered species
Presence of unique or uncommon vegetation community
Important/rare micro-habitat (supporting rare or unique species)
Presence of stands of palm trees
Presence of intact forest fragments (islands) — provide important microclimatic/physical environmental conditions for plants
Ecotones — usually support a higher diversity of species and communities
Wetlands — usually support unique floral associations
Swamps and marshes — usually support unique floral associations
Presence (and relative abundance/frequency) of introduce, weed species — indicate secondary/tertiary vegetation
community.

botanical, wildlife, and archaeological parameters. The
use of a decision matrix approach permitted quantifi
cation of the relative degree of environmental sensitiv
ity at a given location. The matrix was originally devel
oped to evaluate a similar gas pipeline routing in Peru
and was revised and improved by the team specialists
involved in the present surveys, all of who were fa
miliar with the study area. Tables 3 and 4, describe the
environmental variables considered in the sensitivity
assessment.
A numeric ranking (0-3) was proposed to quantify
each specialist's observations of relative environmen
tal sensitivity at a given location. A rank of "3" for a
given parameter indicated the need for a modification
of the proposed route. A rank of "2" indicated the need
for special monitoring during construction at that loca
tion. A rank of "0 -1 " reflected a moderate to significant

level of existing disturbance of the area (i.e., no environ
mental sensitivity).
349 observation points were recorded within a 100300 m wide corridor along the entire 163-km pipe
line route (depending on topographical and vegetation
constraints). Data entered for each observation loca
tion included:
1. Date,
2. Position (in degrees, minutes, seconds),
3. Elevation (meters above mean sea level),
4. Kilometer Post (KP),
5. General environmental description.
6 . Sensitivity observations,
7. Feature code,
8. Sensitivity rank,
9. Whether a route modification was required, and
10. Whether the July/August 1999 forest fire, affected
the area.
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Photographs of the immediate vicinity of the survey
route were also taken at each observation point. Apart
from general environmental observations, archaeolo
gists examined all exposed soil under fallen trees and
areas rooted by peccary for artifacts, as well as ar
eas around exposed rock outcrops. All pottery frag
ments encountered during the surveys were collected,
cleaned, packaged, and marked with the appropriate
KP for later laboratory analysis in La Paz.
Field observations were compiled using an MS
Accesstm database. Photographs were taken at each
observation point along the survey route for a visual
record of representative habitat. Each photograph was
identified by KP. Of the over 200 photographs taken
along the survey route, 80 were scanned in JPG format
(75 dpi resolution) and used to illustrate representative
habitats. CADD maps of the alternative pipeline routes
(1:100,000 scale) recommended in the SEA were over
laid onto topographic base maps. Observation points
were then plotted onto these maps (Fig. 2). Maps of
existing timber, mining, and agriculture concessions
within the project area were also prepared to indi
cate officially sanctioned human activity in the region
(Fig. 3).

RESULTS

Field observations (both photographic and database)
were compiled into a web-based document, which will
soon be available online at www.aspeneg.com or by
request from the author. To view this document, one
can click on the document title on the EA "Documents"
web page. Clicking on the pipeline route on the first
screen, will access a detailed map of the survey route.
Each survey "Spread" is indicated by different color
kilometer points (KPs). Clicking on any given Spread
will bring up a detailed map of that Spread. Clicking
on an individual KP on the detailed Spread maps will
access specific photographic/database information for
the areas at and around these points. Clicking on the
map icons at the top of any of the photo/database
screens will return to the individual Spread map or
map of all three Spreads. Clicking on the "home" icon
above the photographs will return to the title screen. To
view previous or successive photo/database screens
without returning to the Spread map, click on the
► or ◄ icons above the photographs.
In addition to the results of this study, project infor
mation for the Cuiaba Pipeline Project is also available
online at www.cuiabaenergy.com or www.opic.gov/
cuiaba /cuiabahome.htm.
Pipeline route modifications

The survey teams made specific modifications to the
alternative routes recommended in the Supplemental
EA at four locations, as a result of perceived topo
graphical or ecological sensitivity. These route modi
fications are shown in Table 5 and are discussed below.
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Modification 1 (KP 121.327) was made to avoid the
hillsides and steep slopes associated with Cerro Capuni. The hill also supports an "island" of undis
turbed, Chiquitano dry forest. These hillsides are sub
ject to severe erosion and landslide. For these reasons,
the route was moved one kilometer to the northwest in
order to completely avoid the area.
Modification 2 (KP 149.277) was made to avoid the
steep slopes and system of creeks and drainages on
an unnamed hill west of the La Aventura Gorge. The
steeper slopes of this hill also support relatively undis
turbed Chiquitano dry forest vegetation. Construction
of the pipeline along the initially proposed route al
ternative could cause severe erosion and landslides.
To avoid these impacts, the pipeline route was moved
one kilometer to the northeast, to an area with gentler
slopes and supporting more disturbed forest vegeta
tion. This modification will also reduce the length of
the line somewhat and allow for more effective slope
stabilization, runoff, and sediment control.
Modification 3 (KP 224.200) was made to avoid a
"curiche" or circular pond that supports important
habitat and resources for wildlife (see Table 6). Even
late in the dry season, this pond contained water, and
the surrounding habitat provided an important source
of food and refuge for the wildlife that concentrates
in the area. For these reasons, the route was moved
to provide a 150-m buffer zone around this "curiche"
habitat (Fig. 4).
Modification 4 (KP 253.400) was made to avoid an
area that drains water during the rainy season toward
a system of nearby "enriches" (see Table 7). Though
not a clearly defined waterway, the drainage function
of the terrain is obvious from the apparent system of
small mounds, which reflect the movement of water
across the landscape. The route was moved approxi
mately 150 m to avoid a serious impact on the nearby
"enriches" from disruption of this drainage pattern
(Fig. 5). An example of the database (Decision Matrix)
entry for this location is shown in Table 7.
Areas of low to moderate sensitivity along the pipeline
route

A number of areas with low to moderate environmen
tal sensitivities (database values of 1 and 2) were noted
along the route. The pipeline route was not modified in
these instances for reasons discussed below:
- Vegetation — areas with low to moderate environ
mental sensitivities correspond to relatively intact
(relatively low level of disturbance) vegetation, but
not unique or uncommon in the region.
- Wildlife — areas with low to moderate environmen
tal sensitivities correspond to a noticeable presence
of wildlife species, though these are not unique or
singular to this region. Moreover, the region does not
present unique habitat characteristics or vegetation
communities/habitats of crucial importance.
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Fig. 2. Survey spreads.
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Fig. 3. Timber, mining, and agricultural concessions in the pipeline vicinity.
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Table 5. Pipeline route modifications

Spread
Spread
Spread
Spread
Spread

1
1
2
3

KP

Sensitivity

121.327
149.277
224.200*
253.400**

Topographic/Ecological
Topographic/Ecological
Ecological
Ecological

Reason for reroute
Minimize the impact of steep slopes and on relatively intact forest
Minimize the impact of steep slopes and on relatively intact forest
Avoid seasonally ponded area (curiche)
Avoid important drainage system

*See Table 6.
**See Table 7.

Table 6. Decision matrix entry for route modification 3
Geographic
position

Date

Km

Ecological/
archaeological
feature(s)

Additional
notes

Code

Sensitivity
rank

Route
change

Elevation

W 59°20'44"
S 16°59'32"

14/08/99

224.200

Natural circular
pond ("curiche"),
with water
(late in season).

Poorly
drained area —
important dry
season
watering area.

SG5
FA3
FA2
FA6
FL7

1
3
3
3
2

V

228.78 m

Wildlife
concentration
and watering
area.

Wildlife
migration
route.

Route moved
approximately
130 m to the
NW to avoid
this ponded
area.

Special
species
potential
area.

Fire

Table 7. Decision Matrix Entry for Route Modification 4
Geographic
position

Date

Km

W 59°08'13"
S 16°49'17"

9/08/99

253.400

Ecological/
archaeological
feature(s)

Additional
notes

Code

Sensitivity
rank

Route
change

Elevation

Dry deciduous
forest — 15 m
canopy, understory dense,
dominated by

Construction
will alter
natural
drainage
pattern and
affect existing
wildlife water
sources.

SG 9
FL 12

3
3

y

132.20 m

Numerous
mounds (30 cm
high) along
>600 m of ROW
in this area.
Formed by
running water,
which feeds the
ponds (curiches).

Route mo\'ed
approx.
150 meters
to south
to avoid
curiches

Formations a
result of natural
drainage along
gradient between
upper and lower
forest formations.

Fire

Environmental issues
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Fig. 4. Curiche.

Fig. 6. Satellite image of the fire of 1999. (— ) Pipeline location.

Archaeology — Registered sites/locations with a low
to moderate sensitivities suggest a relatively low
potential for pre-Hispanic artifacts, but are being
monitored during construction.

DISCUSSION

The controversy surrounding the construction of a
pipeline through this portion of Bolivia stems from
the high biological sensitivity of the tropical dry for
est vegetation in the region and the concern by con
servation organizations that disturbance of the ecosys
tem from the mounting cumulative impacts of human
activity will lead to a further disruption of ecosystem
function and integrity.
There has been much controversy over whether this
portion of the Chiquitano Dry Forest is truly primary
in nature or has been converted over many years of hu
man intervention to predominantly secondary habitat.
During our surveys, we noted considerable and wide
spread forest disturbance from timber harvest, cattle
grazing, and fire along the entire ROW.
Evidence of timber harvest (stumps, felled trees, log
piles, logging roads, skid trails, and abandoned log-

ging camps) was apparent and several saw mills (some
fairly large in the PONTONS and MAKO concessions)
exist just a few kilometers from the survey ROW. The
commercial timber species that have been exploited in
this area now occur in very low numbers and have
been replaced by several secondary, indicator species
including: Cordia alliodora, Chlorophora tinctoria, several
species of Casearia, Prockia crucis, and Zanthoxyliim fagara, among others.
Cattle grazing was ubiquitous along the entire
northern portion of the route in this region, and sev
eral large cattle ranches occur in the area. There was
also considerable evidence of past forest fires all along
the route, including burned lower portions of trees,
burned snags, and fallen trees. It is a common practice
in the region to burn off fhe forest understory to con
trol weeds, renew the soil and encourage the growth
of new seedlings, in order to increase forage and graze
production for cattle and/or open inaccessible areas
for timber exploitation. During (and subsequent to) the
current field survey (August-October 1999), humancaused fires in the Department of Santa Cruz destroyed
over 3.6 million hectares of forests and grasslands (see
Figs. 6 and 7). Of fhis loss total, 1.7 million ha of pam
pas with dispersed trees were destroyed; 1.3 million ha
of Chiquitano Forest, 200,000 ha of shrub-scrub vege
tation and 500,000 ha of palm and hill vegetation (El
Mundo, 9/11/99; Figs. 6 and 7). The chance that these
fires were of natural origin is slim to impossible, as sur
vey personnel or local residents in the region observed
no clouds or storms during the period.
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Because much of the region along the proposed
ROW continues to be disturbed by human activity,
there is clear evidence that the one-time "primary" na
ture of this forest has been replaced by predominantly,
secondary vegetation. The destruction of most of the
northern portion of the pipeline route in this area by
fire also suggested that the timing of pipeline construc
tion is fortuitous, in that natural, post-fire regeneration
would help to quickly restore the localized construc
tion impacts to vegetation.
To facilitate habitat restoration following construc
tion, the Cuiaba Project awarded a revegetation con
tract to the Noel Kempff Natural History Museum of
Santa Cruz, Bolivia. The four objectives of the Reveg
etation Plan include erosion control, accelerating for
est cover restoration, access control, and collection of
additional scientific information. In most of the ROW
however, the vegetation cover will not be recovered by
means of assisted revegetation. In general, natural veg
etation, including trees, will be allowed to occupy the
entire area, except for 10 m of fhe 30 m of the tempo
rary construction ROW. In these 10-m areas, an herba
ceous soil cover will be developed, either naturally or
artificially, to prevent erosion.
Also, in recognition of the ecological significance
of the Chiquitano Forest, project sponsors have com
mitted funds to help initiate, in conjunction with the
environmental community, a broad-based, long-term
conservation program for the Chiquitano Dry Forest
region. The plan was originally developed with partic
ipation from the World Wildlife Fund, Missouri Botan
ical Garden, the Bolivian Friends of Nature Founda
tion, and the Noel Kempff Natural History Museum.
The Cuiaba Project has committed to support the long
term conservation of the Chiquitano Forest and the
surrounding eco-systems with up to US$ 20 million
over the next 15 years with a further US$ 10 million
of matching funds expected from the NGOs.
Private parties, including the Project sponsors and
local and international NGOs, agreed to implement
the conservation program, with input from indige
nous groups, representatives of the government, pri
vate industry, and other stakeholders to define priori
ties and objectives. In June of 1999 however. The World
Wildlife Fund (WWF) decided not to join the Conser
vation Plan consortium, following pressure from envi
ronmental and human rights groups condemning the
conservation organizations for pursuing a plan that
is perceived to "green wash" an environmentally and
culturally destructive fossil-fuel infrastructure project
(World Wildlife Fund-US Decision not to Sign Chiqui
tano Agreement, 9 September 1999).
Irregardless of this setback and the general politics
and controversy surrounding this project, the Overseas
Private Investment Corporation (OPIC) awarded the
Cuiaba Project $250 million in June of 1999 to assist
with pipeline construction.
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Direct Relevance to the Natural Gas Industry of the
Habitat Fragmentation/Biodiversity Issue Resulting
from the Construction of New Pipelines
Raymond Hinkle, Sherri Albrecht, Eric Nathanson, and Jim Evans

There has been an increasing interest on the part of federal and state regulators to evaluate
linear project impacts on otherwise unfragmented blocks of habitat. Habitat fragmentation has
two components: (1) reduction in total habitat area, which may affect population size and (2)
reorganization of areas into disjunct fragments, which may affect dispersal and immigration
rates. Concerns over these impacts have led to alterations in the selection of right of way (ROW)
alignments that avoid large blocks of imfragmented habitat at significant additional cost to
industry. A literature review found that linear projects have the potential to modify wildlife
habitats in a variety of ways, both beneficial and adverse. A survey of regulatory agencies and
industry representatives showed that habitat fragmentation is addressed indirectly by regulations
aimed at protection of the environment and sensitive species and by a multitude of federal and
state policies and guidelines. It is most commonly an issue in forested habitats, but has also
been a concern in grasslands, deserts, wetlands, and riparian habitats. Habitat fragmentation is a
complex issue with specific concerns ranging from the obvious (e.g., breaking large habitat blocks
into smaller areas; general habitat disturbance) to the more subtle (e.g., invasion of exotic species;
facilitation, or hindrance of movement; nest predation). Species that have been of concern include
aquatic species, amphibians, rephles, insects, migratory and resident birds, raptors, and large and
small mammals. With proper planning and construction implementation, many adverse impacts
associated with habitat fragmentation can be avoided and benefits can be maximized.
Keywords'. Habitat(s), habitat fragmentation, rights-of-way (ROW), linear projects, pipeline(s)

INTRODUCTION

Linear projects such as gas pipelines have the potential
to modify wildlife habitats in a variety of ways, both
beneficial and adverse. Such projects have long been
recognized as providing edge habitat that is of value
to many wildlife species. Maintained rights-of-way
(ROW) corridors can also increase habitat diversity
by providing herbaceous and shrub vegetation in
areas that would otherwise lack such habitats. On the
other hand, it has also been demonstrated that linear
projects, especially roads, can have adverse impacts on
wildlife. Such impacts can affect either individuals or

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

populations. In the latter case, the effect is usually the
result of what is defined as habitat fragmentation.
The objective of this study was to summarize avail
able literature and regulations related to habitat frag
mentation, and using this information, to determine
the relevancy of the habitat fragmentation issue to the
natural gas pipeline industry.

AN OVERVIEW OF HABITAT FRAGMENTATION

Habitat fragmentation occurs when a large expanse
of habitat is transformed into a number of smaller
patches of less total area than the original. When the
landscape surrounding the fragments is inhospitable
to species of the original habitat and dispersal is low,
remnant patches can be considered "habitat islands"
(Wilcove, 1986). Corridors, which are defined as rea
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sonably similar areas that differ from their surround
ings, can influence habitat fragmentation.
Natural gas pipelines (NGPs) can act as corridors
since they are linear in nature and their construction
and maintenance requires vegetative clearing; there
fore, they may potentially cause habitat fragmentation.
The nature and extent of the fragmentation will de
pend on factors such as the width of the ROW, the
type of vegetation being cleared (the habitat), and the
wildlife species utilizing the habitat. Surrounding land
uses may also contribute to whether or not pipeline
development constitutes a legitimate habitat fragmen
tation impact.

A SUMMARY OF HABITAT FRAGMENTATION RELATED
LITERATURE

A comprehensive literature search was conducted to
identify research on habitat fragmentation as it relates
to linear projects such as natural gas pipelines and
electric transmission lines (GRI, 1999a). There has been
very little research specific to habitat fragmentation
resulting from natural gas pipelines.
Information relating to the effectiveness of measures
instituted to avoid or minimize adverse habitat frag
mentation impacts from pipeline development was
also compiled. The information obtained through this
literature search was summarized for each major ani
mal group (i.e., birds, mammals, amphibians, reptiles,
and invertebrates) as well as for plants. A summary
of articles describing potential positive effects of linear
corridors was also prepared.
Birds

Birds, particularly neotropical migrants, were most
commonly studied in relation to habitat fragmenta
tion. Related issues that were evaluated concerning
neotropical migrants included habitat area require
ments, edge effect, nest predation, and nest parasitism.
Nest predation and nest parasitism are components
of the edge effect. Edge effects, or higher preda
tion/parasitism rates, were found to be dependent on
landscape context and edge type. Edge effect is not lim
ited to the immediate corridor vicinity, but can extend
for some distance into the forest interior.
The types of habitat fragmentation in a forested
habitat created by small well clearing sites (~1 acre)
and narrow pipeline corridors (10-65 feet wide) do not
appear to significantly affect avian species composition
or abundance (Hartzler, 1999).
Mammals

Linear corridors can act as barriers to movement for
both large and small mammals. Without concealing
vegetative cover, both large and small mammals may
be unwilling to cross a cleared corridor. This is de
pendent on the width of the corridor, the species, and

the degree of vegetative cover. Small mammal abun
dance has been documented to be higher along edges
and wooded areas, as opposed to cleared areas (Allen,
1998). Limiting the degree of clearing and establishing
vegetated travel lanes across the corridor can lessen the
barrier effect. Elevated pipelines present a clear phys
ical barrier. Raised "windows" or sections of buried
pipe are necessary to allow animal movements across
elevated pipelines.
In some instances, corridors can act as conduits to
facilitate movement. For example, several species of
bats have been documented using natural gas pipeline
corridors for travel and foraging (Bearer, 1999). While
corridors can facilitate movement, this may be a detri
ment to some species (e.g., game species or small mam
mals) since animals utilizing corridors can be more
susceptible to hunting or predation.
Amphibians, reptiles, and invertebrates

Only a few studies were identified that evaluated
the effects of habitat fragmentation on amphibians,
reptiles, and invertebrates. The microclimate changes
along the ROW can prohibit movement or may ben
efit some species (Sheldon, Capen 1995; Kamsura, et
al., 1993). Amphibians, for example, which generally
require moist environments, may be prevented from
migrating across a hot, dry ROW. Some reptiles, how
ever, may benefit from the warmer temperatures and
sparse vegetation that make hunting for prey easier.
Plants

Very few studies were identified which discussed the
impacts of habitat fragmentation on plants. Much
more frequently, vegetation has been utilized to reduce
fragmentation. The initial ROW clearing for pipeline
construction negatively impacts native vegetation in
the ROW. Re-planting with native shrubs and herbs
can minimize fragmentation impacts. Additionally,
the ROW may also provide habitat for threatened
or endangered plant species. In some cases, how
ever, the microclimate changes in the cleared ROW
and/or maintenance activities can prevent the re
establishment of desired vegetation and may allow
invasive species to become established.
Positive effects of right-of-way corridors

ROW corridors can serve as greenways and/or wildlife
travel lanes. They can also increase habitat diversity.
As greenways, ROW corridors can serve to link urban
and rural landscapes. Wildlife can utilize these corri
dors to migrate between isolated habitat patches and
as habitat in developed areas that are otherwise incom
patible with their survival. Vegetation management
within ROW corridors can enhance their attractiveness
to wildlife as travel lanes and habitat.

Construction ofneiv pipelines

Mitigation measures

Mitigation measures for habitat fragmentation fit into
two broad categories: avoidance and vegetation man
agement. Avoidance is not as much a mitigation mea
sure as it is a siting policy applied prior to pipeline
construction.
Vegetation management is a means to minimize
the changes to the original habitat and can enhance
wildlife use of the ROW. Measures such as creating
small shrub patches in a corridor and maintaining
shrubs along the corridor-forest edge are aimed at
reducing the edge effects. A variety of native shrub
and herbaceous vegetation should be selected. Cutting
edges in a zig-zag pattern in order to create softer
edges is another technique.
Minimizing ROW width can lessen impacts asso
ciated with edge associated predator species such as
the brown-headed cowbird since these predators are
less likely to enter narrow corridors. Elevated sections
(windows) of pipe or buried pipe are two types of mit
igation techniques that may be employed to reduce
impacts to large mammals.
The consolidation of corridors (i.e., co-alignment)
along forest boundaries has also been suggested as a
mitigation measure. In addition to avoiding the habi
tat fragmentation, the wide corridor would provide
suitable habitat for early successional birds, especially
those that prefer shrubland and thickets. Most corri
dor widths for solitary powerlines or pipelines are not
wide enough to create suitable habitat for these birds.
However, co-alignment may become a concern if the
corridors become prohibitively wide.

AN OVERVIEW OF FEDERAL, STATE, AND LOCAL
REGULATIONS

Existing policies and regulations that address habitat
issues were identified through direct and indirect
contact with government agencies and natural gas
pipeline companies. Direct contact methods included
the distribution of a questionnaire, telephone contact,
and meetings with agency personnel. Indirect contact
consisted primarily of reviewing agency web sites and
relevant documents for pertinent information.
While habitat fragmentation has been an issue for
linear development, federal, state, provincial, and local
regulations that specifically address habitat fragmen
tation were not identified. However, habitat fragmen
tation is addressed indirectly by legislation aimed at
overall environmental protection such as the National
Environmental Policy Act (NEPA) as well as legisla
tion intended to protect sensitive species such as the
Endangered Species Act and the Migratory Bird Treaty
Act. The federal law that most directly addresses habi
tat fragmentation is the Endangered Species Act. Un
der this act, protection of Critical Habitat is required
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and indirect impacts to listed species must be evalu
ated.
A multitude of federal and state policies and guide
lines address habitat fragmentation, both directly and
indirectly. These guidelines or guidance documents
have been developed to assist agency personnel in
regulatory enforcement and decision making. In fact,
pipeline developers and oversight managers often re
fer to these guidance documents because they address
habitat fragmentation more specifically than the regu
lations.
All of these regulations, policies, and guidelines call
for a minimization of environmental impacts. In one
form or another, they support the preservation of nat
ural habitats and biodiversity by calling for avoidance
of habitat fragmentation and habitat disturbance. Eor
example, US Fish and Wildlife Service recovery plans
address the protection, and promote habitat manage
ment to boost the recovery of individual Threatened
and Endangered Species. These recovery plans are fre
quently consulted by federal agencies when proposed
gas pipeline development projects raise habitat frag
mentation issues.
The Federal Energy Regulatory Commission (FERC)
is the regulatory agency that oversees natural gas
pipeline development. In general, FERC prefers loop
ing or co-alignment with existing corridors, as op
posed to new pipelines that fragment undisturbed
habitat. Current pipeline projects under review by
FERC are subject to specific environmental conditions.
Generally, these conditions pertain to frequently em
ployed mitigation techniques including avoidance of
sensitive areas (e.g., high quality wetlands, mature
growth forests, habitats used by threatened and/or en
dangered species, etc.) and surveying for the presence
of species of concern (i.e., threatened and/or endan
gered species).
While habitat fragmentation resulting from gas pi
peline development is not explicitly the subject of reg
ulation, sufficient regulation and policies on inherently
related subjects (e.g., conservation of critical habitats
and threatened and endangered species) exist to de
mand that the issue be addressed by the gas pipeline
industry.

RELEVANCY

As illustrated by previous sections, habitat fragmen
tation is a very broad issue that cannot be ignored by
the NGP industry. The nature of linear facilities, such
as gas pipelines, demands that habitat impacts be ad
dressed. However, not all of the various components
of habitat fragmentation will be of concern for all NGP
projects.
In evaluating which components of habitat frag
mentation present a concern for a particular project,
many variables must be considered. The habitat type.
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Table 1. Habitat type and related fragmentation issues
Habitat type

Issues
Human
intrusion

Nest
parasitism

Hinder
movements

Facilitate
predator
movements

Breaking
large habitat
into smaller
areas

Row
size

Impacts
toT& E
species
habitat

Avian
mortality
due to
powerlines

Spread
of exotic
species

Habitat
disturbance

Road
kills

Forested Areas
Forested Wetlands
Wetland /Pocosin /
Swamp
Aquatic & Riverine
Grassland /Prairie
Desert
Scrub-Shrub
Sagebrush Steppe

landscape, region, species of concern, duration of im
pact, and mitigation measures implemented are some
of the main variables that will determine whether
habitat fragmentation constitutes a valid issue for a
NGP project. Applicable laws, regulations, and poli
cies must also be considered.
The relevancy of habitat fragmentation is highly
dependent on the species of concern in a particular
habitat. The same habitat changes that adversely im
pact some species will benefit others. For example,
fragmentation that adversely impacts neotropical mi
grants can benefit brown-headed cowbirds. Therefore,
it is important to identify which species should be
profected at the possible detriment of ofher species.
Obviously, federal or stale lisfed Threatened or En
dangered species will be afforded the most protection
in accordance with relevant laws and regulations. In
the absence of listed species, habitat management deci
sions must be made. In the case of neotropical migrants
versus brown-headed cowbirds, the decision is clearcut. However, this may not always be the case.
Whether or not habitat fragmentation constitutes a
significant issue is highly dependent on habitat type
and landscape characteristics. Habitat fragmentation
is a major issue in the forested areas of fhe northeasf.
On the other hand, natural gas pipelines do not cre
ate a significant long-term habitat fragmentation con
cern in western habitats (e.g., high desert, scrub-land,
mountainous regions) since pipelines are typically be
low ground and the disturbed area is re-graded and
allowed to recover to its natural state. Any fragmen
tation related disturbance is temporary during new
pipeline installation. A summary of different habitat
types and related fragmentation issues is provided in
Table 1. This table is based on a compilation of agency
and industry input (GRI, 1999b).
The degree of habitat fragmentation is often depen
dent on corridor width. For example, a 15-foot wide
corridor may present a limited fragmentation issue
to some species. On the other hand, a 400-foot wide
corridor would likely constitute a major habitat frag
mentation issue which could impact many species.

Corridor width is therefore a relevant concern to the
NGP industry.
In general habitat management decisions favor the
preservation of large tracts of undisturbed habitat, par
ticularly forested habitat, over the creation of edge
habitat. The general consensus among regulatory agen
cies is that there is an abundance of edge. Edge is
creafed by nearly every human disturbance of habitat.
Large tracts of undisturbed habitat are at risk from all
fypes of development pressure, including NGP devel
opment.
The various sub-issues that are components of habitaf fragmentation are evaluated for relevancy to the
gas pipeline industry in the following sections. An
attempt is made to explain the situations and condi
tions under which habitat fragmentation issues may be
considered relevant. For each situation, recommended
mitigation measures intended to reduce habitat frag
mentation impacts are discussed. Table 2 presents a
summary of the determination of relevancy based on
the various issues of habitat fragmentation.
Barrier to movement

Pipeline corridors can act as barriers both during and
after project completion. Construction related impacts
are basically short-term while those that persist after
the pipeline is installed can be considered long-term.
Trenching and material stockpiling during pipeline
construction can create physical barriers to different
species. Small mammals, reptiles, amphibians, and
flightless invertebrates can fall into and be trapped
in open trenches. Instances of continuous piles of
soil, rock, and debris over 10 feet high along long
lengths of fhe pipeline route have been reported.
Such continuous linear stockpiling presents a physical
barrier to all species except those capable of flight.
The degree of impacf from this type of fragmentafion
is seasonally dependent in some areas. For example,
some reptiles (e.g., turtles) and amphibians migrate
during different times of the year either between
wetland areas or from wetland areas to uplands.
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Table 2. Relevancy determination for habitat fragmentation issues associated with the construction of linear projects

Habitat
type

Mitigation measures

Landscape context

Species type
affected

Effect of
mitigation

Relevant
Yes/No

Issue: Maintained ROW as a Barrier to Movement
Forests, Forested
Wetlands

Large and small mammals,
amphibians

Not applicable

Retain vegetated corridors
across the ROW;
Avoid critical habitat;
Limit clearing;
Use existing ROWs;
Install nest boxes (e.g.,
for flying squirrel)

Minimizes
HF Impact

Yes

Minimizes
HF Impact

Yes
temporary
impact only

Minimizes
HF Impact

Yes

Issue: Construction Activities as a Barrier to Movement
All Habitat Types

Herpetiles, small
mammals, potentially
large mammals

Not applicable

Trenching guidelines
(re-seed area)
backfill close to digging,
cover trench overnight,
place ramps in trench

Issue: Elevated Pipeline as a Barrier to Movement
Primarily Tundra,
All Habitat Types

Large mammals

Not applicable

Elevated windows,
sections of buried pipe

Issue: Edge Effect (Including nest parasitism and predation)
Forests, Forested
Wetlands

Grassland/Prairie

Neotropical migrants

Primarily forested;
or forested w/some
agricultural areas

Feafhered edges,
selective ROW clearing

Minimizes
HF Impact

Yes

Neotropical migrants,
small mammals

Forest patches in mainly
agricultural or developed
setting or w/i areas of
clear-cuts (i.e., already
fragmented habitat

Not Applicable

Not
Applicable

No
(neotropical
migrants and
most small
mammals)

Neotropical migrants

Prairie/grassland with
wooded or shrubby
edges along sides
of ROW

Maintain corridor with
native grasses;
Clear shrubs/saplings

Resolves
HF Issue

No (with
mitigation)

Minimizes
HF Impact

Yes

Minimizes
HF Impact

Yes

Minimizes
HF Impact

Yes

Resolves
HF Issue

Yes*’

Issue: Habitat Disturbance ■ ■Short Term Construction Related
Not Applicable

Forests,
Aquatic/Riverine,
Grassland /Prairie

Birds, mammals,
invertebrates,
herpetiles

Forests,
Aquatic/Riverine,
Grassland /Prairie

Birds, mammals,
herpetiles, plants

Not Applicable

Forests

Neotropical migrants

Primarily areas with large
blocks of unfragmented
habitat

Schedule work to avoid
breeding/migration
periods;
Minimize ROW width

Issue: Habitat Disturbance - •Long Term ROW Maintenance
Consolidate corridors;
Create irregular forest
edges;
Alternate ROW width,
narrow to wide;
Revegate ROW with
native species;
Implement habitat
improvements

Issue: Reduced Habitat Area
Co-alignment with
existing linear features

Issue: Impacts to T&E Species Habitat
All Habitat Types

Various threatened /
endangered species

Not Applicable

Manage ROW to avoid
habitat disturbance
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Table 2. (continued)

Habitat
type

Species type
affected

Landscape context

Mitigation measures

Effect of
mitigation

Relevant
Yes/No

Issue: Facilitation of Predator Movements
Forests, Forested
Wetlands

Neotropical migrants,
other avian species

Primarily areas with large
blocks of unfragmented
habitat

Forests, Forested
Wetlands

Ecosystem impact

Not Applicable

Feathered edges along
corridor;
Staggered or vegetated
crossings at roadways
or other clearing
intersections

Minimizes
HF Impact

Yes

Minimizes
HF Impact

Yes

Minimizes
HF Impact

Yes

Minimizes
HF Impact

Yes

Issue: Invasive Species Intrusion
Plant ROW with native
species;
ROW maintenance practices

Issue: Human Intrusion
All Habitat Types

Various

Not Applicable

Forests

Humans

Relatively undisturbed
landscape

Posting, fencing, patrolling

Issue: Visual Impact
Feathered edges along corridor;
Staggered or vegetated
crossings at roadways or
other clearing intersections

'Some species, plants in particular, may be protected by the ROW.

Prev^enting this migration can prevent mating or may
effect the viability of offspring.
These construction related impacts to wildlife are
usually temporary and can be easily mitigated by:
- limiting the length of open trench at any one time in
the construction process;
- placing wooden ramps in all areas of the trench
overnight;
- placing plywood or other cover over the trench
overnight;
- visually inspecting the trench for trapped animals
and removing them prior to pipe installation and
back-filling; and
- creating "breaks" in material stockpiles along the
trench to allow passage through the area.
For some species, the difference in vegetative cover
within a maintained ROW can act as a physical barrier.
Wary species can be hesitant to leave the concealing
vegetative cover of the forest to cross a comparatively
bare ROW. For small mammals such as mice and voles,
cleared areas can increase the chance of capture by
predators.
The ROW as a barrier is probably most significant to
small, relatively non-motile species. Salamanders, for
example, require moist habitats and may be unable to
cross a hot, dry ROW, or may only be able to make such
a crossing during precipitation events. Movement can
therefore be affected.
Avoidance of critical habitats is the most effec
tive way to mitigate for potential long-term "barrierrelated" impacts. Other recommended mitigation mea
sures to minimize the impacts of ROWs include:

-

limiting the amount of ROW clearing;
minimizing ROW width;
using existing ROWs whenever possible; and
re-vegetating the disturbed ROW.

Edge effect

Edge effect is a multifaceted impact that includes
potential increases in nest parasitism and predation,
non-uniformity of vegetation, habitat preference, and
suitability. In many cases, the regional landscape will
determine whether this issue is relevant for a new NGP
corridor.
Edge effect is most pronounced in forested habitats
within a landscape that contains a mosaic of land uses.
Farmland, small woodlots, and rural and suburban
residential areas often provide ideal habitat for preda
tors (e.g., raccoons, skunks, opossums, and American
crows) and parasites (e.g., brown-headed cowbirds).
A cleared ROW through this type of landscape into
an otherwise unfragmented forest provides an entry
corridor for these species. Once entry into the forest
is made easier for these species, the nests of neotrop
ical migrants are predated upon and parasitized. In
addition to the regional landscape, the ROW width is
a factor. Narrow ROWs create a less obvious opening
and are not as appealing to predators as wider ROWs.
Creation of a narrow corridor through a uniform
forested landscape or a forested landscape with patch
es of clear cut areas does not result in the same detri
mental edge effect as in a diverse landscape. A possible
explanation is that without farms and residential ar
eas to provide food sources, predator species are not
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as concentrated. In a forested landscape, predators are
dispersed throughout the region and a cleared corridor
may not serve as a common travel route. Limiting the
ROW width in this landscape can reduce the impact to
species that prefer forest interior.
Although edge effect is typically associated with
forested habitats, it may also be a relevant issue in
grasslands or prairies. If shrubs or trees are allowed
to flourish along the ROW in otherwise uninterrupted
grassland, the shrubs can create an edge effect. To the
likely detriment of native grassland bird populations,
the shrub area can provide suitable habitat for various
mammalian or avian predators that would otherwise
not be present in the area. This unique type of edge
effect is not likely to be particularly relevant to the
NGP industry since ROWs are typically managed
to prohibit shrub growth. Planting the ROW with
native grasses and maintaining it to remove any shrub
vegetation will successfully mitigate any impacts.
Due to ROW maintenance procedures, edge effect
in general can be a valid issue throughout the life
of the project. Employing the following mitigation
techniques can minimize the effect:
- Create "feathered" ROW edges rather than abrupt
edges,
- Selectively clear the ROW to minimize vegetation
removal,
- Schedule ROW maintenance in such a way that
allows higher vegetation in some areas,
- Maintain the corridor with native grasses, and
- Plant shrubs or small trees across the ROW in some
areas to serve as travel lanes.
Miscellaneous

Miscellaneous habitat fragmentation issues that are
relevant to the gas pipeline industry include:
- General habitat disturbance. Construction creates
a short-term habitat disturbance. Subsequent main
tenance can result in long-term habitat disturbance.
All habitat types are affected by the short-term con
struction disturbance. Forested habitats are most
affected by prolonged maintenance of the ROW in
a cleared state. Locating pipelines along the periph
ery of a forested area and consolidating corridors
are two recommended mitigation measures. Other
measures include creating irregular forest edges, al
ternating between narrow and wide ROW widths,
and general re-vegetation with species selected for
habitat improvement.
- Reduction in habitat area. When considering in
dividual pipeline corridors, it may not seem like
this impact would be significant. However, the com
bined acreage of habitat disturbed for development
of existing and future pipelines and associated gas
well fields and compression stations amounts to a
rather large area. This long-term impact primarily
affects neotropical migrants and is an issue in nearly
all habitat types, except desert.
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- Impacts to threatened and endangered species and
associated critical habitat. This is a genuine concern
which is typically addressed through avoidance or
site specific mitigation under the direction of the
responsible state or federal agency. Plants, as well as
animals, are covered under this issue.
- Facilitation of predator movements. Linear cor
ridors can serve as unobstructed travel ways for
ground and aerial predators. Birds, particularly neo
tropical migrants, and small mammals are nega
tively affected, while the predators (e.g., foxes, rac
coons, feral cats, raptors, and owls) benefit, at least
in the short term. This may be considered a compo
nent of edge effect.
- Invasive species intrusion. Prior to the re-establishment of native vegetation, pipeline ROWs can pro
vide opportunities for invasive species to take hold.
This is mainly a concern in forested habitats and
wetlands. Minimizing ROW clearing, immediate re
planting of a disturbed ROW, and an active invasive
species control program can mitigate for this impact.
- Human intrusion. In nearly every habitat type,
the presence of natural gas pipeline ROWs lead
to human intrusion. In some areas the clearing
provides easy access through habitat that otherwise
could not be easily penetrated, particularly with
motorized vehicles. In other areas, it is viewed not
as private land, but as a ROW for access. Human
disturbance can negatively impact wildlife and can
increase hunting pressures. Attempts to minimize
human intrusion include posting the area with notrespassing signs, installing fences or gates at road
crossings, and patrolling by project personnel.
- Visual impact. By breaking up the habitat continu
ity, ROWs can create a long-term visual impact. This
is particularly obvious in forested habitats. Plant
ing a vegetative screen at locations where the ROW
crosses roadways can provide location specific mini
mization of visual impacts. Utilizing existing ROWs
is a broad approach to mitigating for visual impacts.
Benefits of natural gas pipeline ROWs

There can be corresponding benefits associated with
many perceived adverse impacts. Some beneficial func
tions of NGP ROWs include providing habitat for
threatened and endangered species, providing edge
habitat, serving as greenways, and enhancing habitat
diversity.
One of the more well known potential benefits of
ROWs is the creation of edge habitat. Small corridors
through large tracts of contiguous forests can be bene
ficial by increasing habitat diversity along the corridor
edges. Successive growth following corridor develop
ment provides this increase in habitat diversity, which
in turn can benefit herbivore and subsequently omni
vore and carnivore species.
There are documented instances of ROWs serving
as habitat for threatened plant species. For example.
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an electric transmission line ROW in New Jersey
serves as habitat for Swamp Pink {Helonias bullata), an
endangered species.
Pipeline ROWs can serve as greenways for wildlife
and humans. There is documentation that elk and
deer in Pennsylvania utilize NGP ROWs for migration
routes. Bear have been reported to use NGP ROWs for
travel as well. There is also interest in potentially uti
lizing NGP ROWs as greenways for trail development
to provide passive outdoor recreation.
The different vegetation and microclimate of a ROW
increases habifat diversity that can benefit some species.
Invertebrates and reptiles can benefit from the warmer
temperatures resulting from the reduced vegetative
cover than that found in surrounding forest areas.
Hunting opportunities can then be improved for snakes
and avian predators due to the fact that small mam
mals do not have dense cover in which to hide.
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Management of Native Prairie Fragments on
Canadian Pacific Railway Rights-of-Way
Michelle Bissonnette and Scott Paradise

Remnant fragments of native prairie were identified and mapped along Canadian Pacific Railway
(CPR) rights-of-way in Minnesota, USA. This work was part of a statewide prairie survey on
railroad rights-of-way which was performed by the Minnesota Department of Natural Resources
(DNR). Prairie fragments that were identified were graded based on presence of plant species and
disturbance. CPR proactively worked with the DNR, both to monitor and enhance the quality
and usability of the DNR study, and to provide technical support and field supervision during
DNR fieldwork on CPR property. During the field survey, native prairie fragments were mapped
with CIS tools relative to railroad mile posts using a global positioning system with sub-meter
accuracy. Native prairie fragments along CPR rights-of-way are generally small and isolated.
Larger prairie fragments were found between parallel railroad and highway rights-of-way. The
Minnesota Department of Transportation was therefore identified as another landowner and
stakeholder responsible for management of natic’e prairie fragments. CPR and the DNR have used
the survey results in conjunction with a review of historic railroad vegetation management plans
to develop and validate new and existing best management plans (BMPs) for vegetahon control
and land use that promote the preservation of native prairies and protect threatened species.
Keywords-. Best management plan, vegetation management, highway rights-of-way, endangered
species, Minnesota

INTRODUCTION
Minnesota’s prairie

Approximately eighteen million acres of native prairie
covered the state of Minnesota, USA prior to the es
tablishment of European settlements in the mid-1800s
(Fig. 1). In the Ecological Classification system adopted
by the Minnesota Department of Natural Resources
(DNR), prairie was located in the Eastern Broadleaf
Forest and Prairie Parkland Provinces (DNR, 1996).
This landscape and this ecosystem underwent a dra
matic transformation as homesteaders claimed land
and put it to the plow; nearly every acre of land that
could be farmed was. Today less than 1% of Min
nesota's original prairie remains, and it is generally
restricted to areas unsuitable for cultivation. Because
of this loss of native prairie habitat, today more than

one-third of Minnesota's endangered, threatened, and
special concern species are native prairie plants (Pfannmuller and Coffin, 1989).
The DNR is commissioned by the Minnesota state
legislature to preserve and protect endangered, threat
ened and special concern species. As part of this
mission, the DNR initiated the Minnesota County Bi
ological Survey Program (MCBS) in 1987. This survey
systematically catalogs rare biological features, and
identifies significant natural areas that are worthy of
preservation. The DNR then works with local plarmmg
agencies to develop land uses that help preserve these
natural areas. The DNR has also developed Scientific
and Natural Areas (SNAs), permanently preserving
significant sites through land acquisition. Many of
these SNAs contain native prairie fragments.
Minnesota’s rail network

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
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Minnesota's railroad network was established in 1862,
the same year that the Homestead Act was enacted.
Railroad use peaked in the early 1900s. In the ensuing
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in depth over relatively level grade of land. Since inva
sive planf root structures can weaken ballast strength,
inhibit drainage and potentially increase the risk of
train derailments, US Federal Railroad Administra
tion (FRA) rules require railroads to maintain a plantfree ballast zone through vegetation management pro
grams. Zone 2 contains ditches that maintain adequate
drainage away from the track and ballast. Zone 3 is es
sentially a safety and buffer zone befween the railroad
and adjacent property owners. This area of generally
undeveloped land is used to preserve sight lines and
minimizes the potential for track obstructions. Rail
road rights-of-way management practices in Zone 3
are generally limited to management techniques that
limit the height and extent of vegetation.

.

\rv._

\ ■ 7 « 'T
’

)

y

•

l.-A

!--C> > ,
I

I

Railroads and prairie: A historical co-existence

ECS Provinces in Minnesota
Laurentian Mixed Forest
Eastern Broadleaf Forest
Fig. 1. Ecological Provinces in Minnesota. Prior to European set
tlement, native prairie was a major ecosystem within the Eastern
Broadleaf Forest and Prairie Parkland Provinces (Merchant and Biederman, 1999).

years, rail passenger traffic dwindled and railroad sys
tems were rationalized to maintain profitability. Still,
in 1999 the state's rail network consisted of 9600 km of
track and rights-of-way owned and operated by both
large Class I railroads and smaller regional and short
line railroads.
North American railroads are constructed on rightsof-way corridors that typically range from 15 to 122 m
in width. Railroad rights-of-way typically consist of
three distinct zones (Fig. 2). Tracks and underlying
ballast are found in Zone 1, grading and drainage
ditches on either side of the track are found and Zone 2,
and generally unimproved land is found in Zone 3.
Zones 1 and 2, the most active areas of rail operations,
are typically 10 m wide. With 30-m wide rights-ofway common in rural portions of Minnesota's rail
system, the Zone 3 portion of railroad rights-of-way
often comprises 70% of a railroad corridor.
Zone 1 railroad track construction involves the
placement of crushed rock ballast approximately 0.5 m

zone 3
ROW
Boundary

zone 2

The historically limited access and usage of the Zone 3
portion of railroad rights-of-way led to the sugges
tion that these corridors have a potential to preserve
portions of Minnesota's native prairie. Some of the
railroad corridors were constructed on native prairie
that had not been altered by the plow. While orig
inal grading and track construction processes may
have affected Zone 3 plant species, adjacent prairie
vegetation in places naturally re-seeded the disturbed
portions of Zone 3 rights-of-way. While land adjacent
to the rights-of-way was cultivated and developed.
Zone 3 lands typically lay fallow, potentially preserv
ing prairie plants. Brushfires potentially ignited in the
past by the sparks from passing steam locomotives
may have mimicked the natural wildfires and period
ically rejuvenafed the prairie by controlling invasive
hardwood plant species.
Survey along active railroad corridors

DNR biological surveys through the MCBS had previ
ously identified nafive prairie fragments along aban
doned railroad rights-of-way; some of these fragments
were large enough to warrant preservation though
the creation of SNAs. The presence of prairie frag
ments along abandoned rights-of-way also led to the
hypothesis that prairie fragments could exist along ac
tive railroad rights-of-way. Two previous field surveys
along rail corridors supported this hypothesis. In 1978
Borowske and Heitlinger (1983) sampled 2673 km of

zone 1

zone 2

zone 3
ROW
Boundary

Fig. 2. Cross-sectional view of a typical railroad right-of-way (Merchant and Biederman, 1999).
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rights-of-way in western Minnesota. Bolin et al. (1980)
sampled 748 km of rights-of-way in the southeast por
tion of Minnesota. Both studies used regular sampling
intervals of 1.6 and 0.8 km respectively to roughly
assess the extent of prairie vegetation. Native prairie
fragments were identified in both studies.
DNR survey objective

Given the potential for native prairie fragments to
exist along Minnesota rights-of-way and the desire to
preserve a piece of Minnesota's natural heritage, the
1997 Minnesota State Legislature directed the DNR
to conduct a field review of active railroad rights-ofway and identify native prairie. The legislature also
directed the DNR to identify and assess management
practices used to control vegetation on railroad rightsof-way and to work cooperatively with railroads to
develop voluntary best management practices for the
preservation of identified prairies.

SURVEY METHODS
Initial review

In 1998, the DNR, through the MCBS, began identify
ing native prairie on 5213 km of active track that was
operated by fifteen railroad companies. The track was
located within portions of Minnesota that supported
native prairie at the time of European settlement.
Initial efforts included prescreening areas with the
highest potential for prairies by reviewing aerial pho
tos, topography maps, and the data from the two pre
vious field surveys. The DNR also hired and trained
seven MCBS botanists for the inventory of railroad
property. The prescreening attempted to systemati
cally survey areas for native prairie communities and
rare biological features. Field inventory efforts were
then based on prescreening results and employed
methods used elsewhere by MCBS.
Railroad involvement

Fifteen of fhe 24 railroad companies that operate in
Minnesota own or operate track throughout those por
tions of Minnesota that supported native prairie or
mixed forest and native prairie vegetation at the time
of European settlement. The level of involvement by
each railroad in this prairie survey varied. Prior to
initiation of field inventory activities, a meeting be
tween CPR, DNR and certain other Minnesota rail
roads was held in May of 1998. Proposed DNR field
work, insurance issues, and railroad safety concerns
were discussed at the meeting. Before inventory efforts
began, Burlington Northern Santa Fe Railway Com
pany voluntarily conducted safety training on behalf
of all Minnesota railroads for DNR and contract per
sonnel that would be working on railroad property.
Other railroads cooperated on an individual basis by
granting access to their property for survey work.
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CPR project objectives

CPR was proactive during the inventory of native
prairie species along its rights-of-way and provided
oversight during DNR survey efforts. CPR staff facilitafed communication between the DNR and the rail
road industry, proposed survey methods that helped
the DNR achieve time and budgetary goals, and re
viewed and commented on DNR survey data and
reports. Relative to its own rights-of-way, CPR re
tained HDR staff to provide technical support and
environmental oversight during DNR surveys on CPR
rights-of-way only.
Field survey methods

The 1998 DNR Railroad rights-of-way project system
atically surveyed areas for native prairie communities
and rare biological features based on methodology de
veloped by MCBS. The majority of CPR righfs-of-way
was inifially field surveyed from vehicles driven on
roads thaf were parallel and adjacent to the rights-ofway. Areas lacking prairie vegetation were eliminated
from further survey. On-site surveys of selecfed areas
of CPR rights-of-way were performed when fhe righfsof-way was not visible from the road or when the DNR
wanted to better delineate the extent of prairie species
wifhin cerfain segments of the rights-of-way.
The rights-of-way were inspecfed by walking along
areas with prairie vegetation. DNR botanists identified
the existence of native prairie species and prairie frag
ments and classified the quality of each segment. The
prairie areas were then delineated on maps. Prairie
data was collected in the field and recorded by the
botanists on standard survey forms and maps. From
the survey forms, tabular data was entered into an
Access database. Rare species locations and prairies as
sessed as Very Good were entered into the DNR's Rare
Features Database in the Natural Fleritage Information
System. All prairie fragments identified in the field in
ventory were mapped.
On behalf of CPR, HDR field staff coordinated with
the DNR on scheduling inventory surveys. In the field,
HDR staff surveyed prairie boundaries and the lo
cations of individual state listed or special concern
species using Ground Positioning System (GPS). DNR
data sheets corresponding to the surveyed bound
aries were completed that describe environmental con
ditions, disturbances of forbes, grasses and woody
plants. HDR took field notes during the inventory from
information discussed and noted on the standard sur
vey forms that were filled out by the DNR. Quality
control and review of DNR data collection efforts was
also performed in the field.
Prairie classification

The data collected during the inventory was also
reviewed to classify the quality of the observed prairie
fragments. The DNR based quality assessments on the
coverage of native prairie plant species, presence of
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Table 1. Prairie quality classification system
Native grass cover

Native wildflowers

Native trees and shrubs

Disturbance indicators

Examples

Big bluestem
Switch grass
Indian grass

Blazing star
Asters
Coneflower

Bur oak
New Jersey tea
Willows

Herbicide use
Equipment
storage
ATV trail

Quality Rank

Percent cover

Number of species

Percent cover

Percent cover

>70%
>55%
>25%

>15
>10
>6

<10%
<25%
<50%

<10%
<25%
<50%

Very Good
Good
Fair

Statewide Rights-of-Way

CPR Rights-of-Way

□
■
□
□

No Prairie
Very Good
Good
Fair

84%
Fig. 3. Comparison of prairie occurrence and quality between all Minnesota rights-of-way and CPR's rights-of-way in Minnesota.

disturbance indicators, and the abundance of woody
plants. Examples of these criteria are shown in Table 1.
For example, if a prairie had over 55% coverage of
native prairie grasses, 10 species of prairie wildflowers
and less than 25% disturbance, the prairie was rated
Good.

SURVEY RESULTS
Limited extent of native prairie fragments

Of the 5213 km of surveyed railroad rights-of-way
in Minnesota, 784 discontinuous km of native prairie
were identified (Merchant and Biederman, 1999). Over
all, prairies tended to be highly fragmental and vari
able in quality. Long corridors of undisturbed native
prairie, especially stretches of Very Good prairie, were
rare. The average length of an individual prairie frag
ment is 1 km, with a range of 0.05 to 6.31 km. Four
percent of the total surveyed railroad rights-of-way
contained Very Good prairie. Good and Fair prairie each
are found on 6% of the rights-of-way. Eighty-four per
cent of the railroad rights-of-way surveyed did not
support native prairie.
Native prairie fragments were identified in 95 km
(9.7%) of the 980 km of CPR rights-of-way that was
surveyed. Two percent of CPR rights-of-way contained
Very Good prairie, 1% contained Good Prairie and
8% contained Fair prairie. The majority of Very Good
prairie was located in northwestern Minnesota.
A relative comparison of CPR and statewide results
is shown in Fig. 3. Historic vegetation management

practices along CPR rights-of-way are not significantly
different than those of other railroads involved in
the survey. The fact that CPR rights-of-way contains
less prairie on a percentage basis and poorer quality
prairie is therefore more likely attributable to the loca
tion of CPR's track predominately within the Eastern
Broadleaf Forest Province (Fig. 4).
Highway/railway rights-of-way relationships

Some of Minnesota's railroads were constructed along
transportation corridors previously established by sta
gecoach, ox-cart and horse. A portion of Minnesota's
highways, in turn, were constructed along established
rail corridors. The result in both cases was parallel
highway and railroad rights-of-way. The prairie sur
vey determined that larger prairie fragments were
often located on land between parallel railroad and
highway rights-or-way. The average length of Very
Good prairie fragments in these areas were 1.5 km in
comparison to 1 km average length of a prairie not
running parallel to highway rights-of-way. These areas
were likely less accessible and otherwise unsuitable
for agricultural or other development. As a result, the
DNR identified the Minnesota Department of Trans
portation (MOOT) as an additional owner and steward
of remnant prairie fragments.

PRAIRIE MANAGEMENT OUTCOMES

The DNR began discussions with railroads regard
ing prairie management soon after the completion of
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Prairie Identified in 1998
Very Good Quality
Good Quality
Fair Quality
Surveyed Railroads
Other Active Railroads (1997)
County Boundaries

Fig. 4. Locations of native prairie fragments identified during the 1998 field survey of Minnesota railroad rights-of-way. Most of CPR's
rights-of-way is located within the Prairie Parkland Province (Merchant and Biederman, 1999).

data collection. CPR provided input to help refine the
format and content of the prairie management prod
uct. Discussions centered on voluntary management
practices helpful in maintaining native prairie and
the unique vegetation management requirements of
railroads. These include state and federal regulations
pertaining to safety, air quality, open fires, noxious
weeds, field road access, and utility and ditch cross
ings.
Best management practices and other impacts on
prairie resources

Vegetation management and other activities that may
be conducted on railroad rights-of-way are illustrated
in Table 2. These activities were evaluated to determine
relative level of impact on native prairie vegetation.
Where possible and practicable, these practices were
refined to lessen the possibility of impacts in areas of
native prairie.
Railroad rights-of-way management zones

The DNR learned that railroads necessarily practice
distinct types of vegetation management within the

three rights-of-way zones. As a result, focus was placed
on Zone 3, where refinement of existing vegetation
management practices held the greatest potential for
improving the long-term maintenance of prairie re
sources. Table 3 identifies the distinct types of vege
tation management practiced by railroads, and shows
the refinements to Zone 3 practices that are enacted
where native prairie fragments are found along CPR
rights-of-way. All of these vegetation management ac
tivities conform with federal and state safety regula
tions.
Railroad BMP implementation

CPR's environmental protection policy commits to
meeting or exceeding governmental requirements ap
plicable to its operations. CPR believes that exist
ing and past management practices along the rail
road right-of-way are conducive to maintaining the
prairie.
In response to data collected during the prairie
survey, CPR is implementing the following Best Man-
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Table 2. Impact of specific vegetation management activity on
native prairie fragments
Impact
Positi\e

Neutral

Vegetation management activities
Fire
Having
Mowing
Brush mowing
Volunteer management restoration
Tree removal, chainsaw
Long-term rest (no management)
Cultivation
I’otal vegetation removal
I lerbicide treatment (broadcast)
Tree and shrub planting
Tree removal, bulldo/e
Other activities
Railroad tie stockpiling
Equipment storage
Ditch maintenance
Utility construction
Ditch construction
Road constructit)n
Snowmobile trail

Negative

agement Practices (BMP):
- broadcast application of herbicides is managed us
ing GIS-based prairie habitat location data;
- native prairie habitat areas are avoided for storage
of track material, railroad equipment and other
materials;
- implementation of Prairie Awareness Program for
CPR rights-of-way maintenance employees and oth
ers working on CPR rights-of-way by the distribu
tion of a prairie awareness flyer; and
- maintaining controls for ballast application in
Zone 1.
The use of GPS has linked native prairie fragment
locations along CPR rights-of-way to mile post loca
tions. As a result, native prairie fragment locations can
be presented to CPR rights-of-way maintenance em
ployees and others working on CPR rights-of-way in a
user-friendly format (Fig. 5). In addition to implement
ing BMP's, CPR officials and DNR have also informally
agreed to continue the process of exploring coopera
tive prairie management opportunities.

CONCLUSIONS

A state and railroad-funded survey of active railroad
rights-of-way in Minnesota, USA, identified isolated

Table 3. Zone-specific vegetation Best Management Practices on railroad rights-of-way
Description

Practice

Objecth’es /methods

Zone 1

Ballast and Rails

Keep all ballast and rail free of any
vegetation

• Provide surface drainage
• Reduce fire potential
• Provide visibility for maintenance of rail hard
ware
• Prevent buildup of wind blown debris and
snow

Zone 2

Grade and Ditch

Maintain existing herbaceous vegetation
on grade and ditches to support
railroad operations

• Provide sight distances for safe operations
• Eliminate trees capable of interfering with
train traffic
• Maintain hydraulic capacity of ditches and
culverts
• Prevent erosion
• Control weeds

Zone 3

Safety buffer

Maintain low maintenance vegetation
without disrupting railroad
operations

•
•
•
•
•
•

Refined Zone 3

Native Prairie

Adhere to Zone 3 objectives while
consenting native plant communities

• Avoid storage of track material and equipment
• Avoid broadcast application of herbicides
• Avoid bulldozing or removing vegetative
cover
• Use locally adapted native plant materials for
revegetating disturbed sites.

Prot'ide sight distances for safe operations
Prov'ide access for track maintenance
Maintain ROW boundaries
Accommodate utilities
Prev'ent erosion
Control noxious weeds

Management o f native prairie fragments
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Fig. 5. CPR rights-of-way in Minnesota. Native prairie fragments are identified by mile post locations to facilitate location recognition by
railroad maintenance of way employees and others performing work on CPR rights-of-way.

fragments of native prairie. These native prairie lo
cations were generally located in Zone 3 of active
rights-of-way, and the quality and size of prairie was
generally better in the northwestern portion of the
state. State and railroad officials identified refined best
management plans for areas of native prairie that
promote preservation efforts without compromising
safety requirements associated with active railroad use
of the rights-of-way. As a result, railroads are able to
meet their commitment to be responsible environmen
tal stewards without compromising a long-standing
commitment to providing a safe working environ
ment for railroad employees and the communities they
serve.
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Using GIS Tools to Conduct Environmental and
Asset Analyses Along Rights-of-Way
E. Alkiewicz, J. Wingfield, D. Frazier, and L. Khitrik

Due to the inadequacy of existing mapping, a decision was made to acquire natural color
digital orthophotographic base maps of a 200-mile, double-circuit, 345-kV right-of-way. A 6000foot corridor along the right-of-way was mapped to identify off right-of-way access roads and
adjacent landowners, as well as land use characteristics. After obtaining current low altitude
aerial photographs, natural color digital orthophotographs were created. Since the accurate
location of the transmission structures was not well known, true horizontal coordinates were
obtained for point-of-intersection tower centers along both circuits. This work was accomplished
with differential global position systems (GPS) within one meter. A right-of-way environmental
inventory consisting of field evaluations to identify vegetation characteristics (species, height,
density, and distribution) was conducted by ground-based crews using pentop, weather-resistant
computers loaded with digital orthophotographic base maps. Other information collected
included access roads, foreign utilities, stream crossings, land use, and landowner information.
The automated process significantly improved the accuracy of the data collected and the delivery
time for the completed inventory data. All data were delivered in a GIS-ready format into an inhouse GIS integrated with a workforce management system that issues work-orders for required
maintenance work. NYPA groups that benefit from the data collected during this process include:
transmission, environmental, real estate, and licensing.
Keywords: Rights of way (ROW), vegetation inventories. New York Power Authority, digital
orthophotographic base maps

INTRODUCTION

ROW MANAGEMENT

The New York Power Authority (NYPA) is one of the
major producers of power in New York State. Its gener
ating facilities produce a quarter of the electricity in the
state. The power is sold to large industrial and munic
ipal customers and through the Independent System
Operator (ISO) network. NYPA does not operate any
distribution systems. The bulk of NYPA's transmis
sion system is composed of 230-kV, 345-kV, and 765-kV
lines. These result in large rights-of-way (ROWs) that
traverse many different physiographic regions of the
state (see Fig. 1).

The 1400-miles of transmission lines are divided into
three statewide management regions (Western, Cen
tral and Northern). These regions were established
by NYPA to identify maintenance and budgeting re
sponsibility for all of its assets. The Northern Region
contains direct connections to the Canadian electric
system, allowing imports of Canadian power to be
mixed with NYPA-generated power and transmitted
into the New York system.
NYPA also has developed a ROW management pro
gram that includes cost-effective and environmentallysensitive vegetation management and land steward
ship. The goal of NYPA's ROW management program
is to support the safe and reliable transmission of elec
trical power in an economically and ecologically sound
manner. This goal builds upon the present state of
knowledge concerning the strategies and techniques
that will minimize labor and equipment costs, while

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.
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Fig. 1. The fourteen hundred miles of transmission lines crosses the New York state from north to south and west to east. They are divided into
three statewide management regions: Niagara Power Project, Clark Energy Center, and St. Lawrence — Franklin D. Roosevelt Power Project.

maximizing the stability and extent of the compat
ible plant communities maintained through vegeta
tion management and land management practices. The
ROW management program takes into account regu
latory compliance. The New York State Public Service
Commission requires that ROW management plans be
prepared under the terms of the Article VII Certificates
of Environmental Compatibility and Public Need is
sued for three transmission facilities built in the late
1970s and early 1980s. These management plans were
required to describe the vegetation conditions along
the ROW, the management techniques proposed, and
the measures to protect sensitive resources.
The traditional process

One of the cornerstones for achieving the ROW man
agement goal was the development of a process of
regular inventory and documentation of maintenance
activities to allow for analysis, evaluation, and contin
uous improvement in the overall ROW management
program. Historically, the inventory process consisted
of ground-based field inventories conducted by biol
ogists and experienced ROW managers that would
survey existing vegetation conditions and propose
treatment recommendations. Inventory information
included: non-compatible vegetation, density, height
and distance below the conductor, compatible vege
tation and relative density, land use, and techniques
proposed for treatment as well as year of proposed
treatment.

This process was very time consuming and relied
on existing post-construction plan and profile draw
ings as base maps for delineating vegetation inventory
data. Copies of these drawings were then used by
maintenance crews to identify the location of "treat
ment" sites. Although this system worked, it had its
drawbacks. The major concern was that the draw
ings used for the inventory process did not reflect
current conditions along the ROW. Additionally, the
delineated vegetation sites were depicted as zones that
perpendicularly crossed the entire ROW, with offset
distances from the nearest structure. There was no ef
fective way to faithfully delineate the actual vegetation
configuration within the ROW. This resulted in inac
curate estimates of "brush acres" or vegetation that
actually needed maintenance. Since not all ROW veg
etation is incompatible, it is important to be able to
differentiate species and physical configuration in or
der to apply the most effective maintenance solution.
Without accurate information about vegetation condi
tions, it was also difficult to determine treatment costs
per acre. Finally, although a tabular database system
was developed to manipulate the inventory and main
tenance data, it relied on the previously-mentioned
plan and profile drawing for spatial information. The
user had to go back and forth between the tabular data
base and the hard-copy drawing to plan the work and
determine what maintenance had been done at each
vegetation site. Information regarding maintenance ac
tivities performed on site were recorded manually on
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paper forms and brought back to the office for later
compilation and analysis.
The Maintenance Resource Management (MRM)
work order system is used to track the status of
any particular site through the process of proposal
for treatment, scheduling, and actual treatment. In
addition, periodic line patrol information related to
vegetation management is also included in the MRM
system. These periodic line patrols update current
conditions and assist in refining work plans. Treatment
plans are entered into the MRM work order system so
that work progress and costs can be monitored and
tracked. The work order system drives the collection
of treatment information, a portion of which is used to
meet regulatory requirements related to pesticide use.
Treatment records are another key component of the
ROW vegetation management program. These records
tie the work back into the MRM work order system
and add to the overall inventory system so that follow
up work can be planned and effectiveness of treatment
can be assessed. Treatment records are specifically
required by regulatory statutes governing the use of
herbicides and become the building blocks for reports
that must be submitted to regulatory agencies on an
annual basis. Treatment data must be collected to
satisfy regulatory reporting requirements. Although
this type of vegetation maintenance information was
being entered into the MRM system, it was still subject
to the same drawbacks discussed earlier regarding
mapping data.
Finally, New York State laws require that a landowner on or adjacent to the ROW be notified before
pesticides are applied to their premises. Since most
of NYPA's ROW rights have been acquired through
easement, properly identifying the current owner of
the property is a challenge. In many cases, property
lines and owners are not shown on existing plan and
profile drawings. When maintenance plans are pre
pared, proposed treatment areas are usually identified
by structure/span numbers or stationing. Since the
only reliable means of identifying current ownership
is through county tax maps that do not show the struc
ture/span numbers, the task resulted in a substantial
pretreatment season workload for NYPA's real estate
staff.
The improved process

Due to the needs expressed by various staff members
involved in all aspects of ROW vegetation manage
ment, a small group of NYPA staff began looking
into solutions that involved the rapidly evolving field
of GIS. From the start, it was envisioned that any
solution would have to result in a multipurpose, mul
tidiscipline, and easy to use tool that would achieve
across-the-board acceptance.
One of the first decisions to be made involved
choosing an appropriate base map to replace the plan
and profile standard used previously. In an effort to
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balance scale, accuracy, currency, and cost, only one
effective solution became apparent: 1:4800 or 1" =
400' digital orthophotographs. This type of imagery
clearly provides the most information for the least
cost of all the existing alternatives. At appropriate
scales, data can be vectorized on the screen. This
allows the user to work with data attributes associated
with the images (lacking in raster images), while
serving as a kind of "library" of features which can be
added later. In most cases, human interpretation of the
raster images is sufficient and eliminates the need for
comprehensive vector mapping. In addition, updates
are far simpler and less expensive than with other base
map alternatives.
Since specific environmental features affect the se
lection of a technique for vegetation management, it
was decided the ROW vegetation inventory would
continue as the primary means of collecting the nec
essary data. The inventory would benefit from using
current natural color orthophotographs by allowing
photo interpretation before beginning field work. Ad
ditionally, existing GIS data layers, such as structure
location, ROW edges, roads, regulated wetlands, hy
drology, and tax maps could be superimposed on the
orthophotographs to provide additional information
in the field during the inventory process.
Site vegetation was delineated using the same vege
tation criteria (species, density, and heights) as in the
past, but with new tools. Sites could now be drawn
to depict the vegetation site boundaries as they really
existed. Creating these vegetation "polygons" allowed
the location and acreage for each site to be determined
on the orthophotographic base map. Since field com
puters were being used for the inventory, vegetation
sites were delineated on top of the base map in the
field. All the other existing GIS layers were available
to assist the inventory crews in their work.
The information collected in the field computers
subsequently were brought back to the office for post
processing and quality control. The data was provided
as GIS layers and stored on a central server where it
was accessible to internal users. This data was then
used to prepare treatment plans, perform landowner
notification, act as support material to MRM work
orders, and provide location information and site
characteristics to maintenance crews.
NYPA completed a GIS inventory pilot study for its
Western Region in 1999 using the Niagara Adirondack
Tie Line (NATL). The success of this pilot has let to
the adoption of this approach for the remainder of the
transmission system. It will be completed by 2001.

GIS DEVELOPMENT
Data requirements

Upon receiving funding for an enterprise-wide GIS
implementation focused on transmission ROW man
agement, NYPA established an internal GIS Users
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Group. Members of this group were carefully cho
sen to ensure representation of all segments of the
end-user community. This group developed a list of
data requirements for various transmission ROW ap
plications which was reviewed, modified, and finally
adopted through meetings with selected transmission
maintenance, environmental, and real estate staff. This
process was carefully managed to ensure that all data
elements necessary to support the proposed appli
cations were included, while discouraging requests
entailing potentially budget-breaking costs or devel
opment time.
The data layers necessary to support the proposed
applications, along with the approach for obtaining
them and rationale for including them, included;
- Digital Orthophotographic Base Maps: A base map is
necessary in any GIS in order to put the other data
base elements into context. NYPA's long experience
with this technology (since 1989) led it to adopt
natural color, 1.25 foot pixel, 1:4800 nominal scale
digital orthophotographs as the base map for its
transmission system.
- Scanning o f Existing Records: Originals or legible
copies of all existing real estate division acquisition
and conveyance maps and all systems operations
plan/profiles were scanned. The plan/profiles are
NYPA's only current source for determining con
ductor clearances. The real estate acquisition and
conveyance maps describe the property rights ac
quired or conveyed for each parcel in more defail
than is practical to capture in a database.
- Transmission Tower Centers: Transmission tower cen
ters were generated internally by NYPA's GIS staff
from company survey records for mosf of ifs sys
tem. For those lines where such data were unavail
able, true horizontal coordinates (sub-meter accu
racy) were obtained for every point-of-intersection
tower using GPS survey techniques. The remain
ing tower centers were calculated using the existing
plan/profiles database so that the two databases
could be linked.
- Transmission Line Centerlines and ROW Edges: The
transmission line centerlines and ROW edges were
created from the tower centers data. These data form
the framework for NYPA's vegetation management
sites and provide the links for the asset maintenance
data in the computerized maintenance management
system (MAXIMO).
- Access Routes: Access routes were digitized from
hard copies of the digital orthophotographs. In ad
dition to enabling the efficient planning of routine
maintenance tasks and the dispatch of emergency
vehicles, these data will permit a more complete
evaluation of the legal status of NYPA's transmission
access routes.
- Vegetation Sites, Wetlands, Foreign Utilities, and ROW
Improvements: A ROW environmental inventory was
conducted consisting of field evaluations to identify

-

-

-

-

-

vegetation sites and wetlands along the transmis
sion corridors. The additional following features
were collected and attributed: parking lots, public
and private recreation facilities (pools, golf courses,
miniature golf courses, swing sets, volleyball courts,
etc.); chain-link, board, and other substantial fences
(specifically excluding barbed wire fences); public
and privafe paved or gravel driveways; buildings
including tool sheds; wells, well houses, and spring
houses; and commercial use of any kind other than
agricultural use. Foreign utilities were identified
where there was physical evidence of a utility cross
ing. The ROW improvement inventory provides a
means to document and evaluate the compatibility
of fixtures placed in NYPA's ROWs by others. The
foreign utilities inventory has a similar purpose, but
with a special focus on system safety and reliability.
Digital, Attributed Tax Maps: Digital tax map parcels
attributed with assessors' data (New York State Real
Property Services data) was or developed for all
parcels within 100 feet of fhe subject transmission
corridors or that were affected by or contiguous
to any parcel which NYPA owns in connection
with its transmission corridors. These data were
used by NYPA's real estate staff to track special
landowner conditions (wells, organic farms, etc.)
which affect vegetation management plans and to
track permitted uses of NYPA's ROWs.
Special Conditions: Special regulatory conditions were
captured from the plan profiles and developed as a
polygon coverage, while special landowner condi
tions were captured from exisfing real estafe division
records and linked as to the appropriate tax parcel
and/or acquisition parcel polygons. These data will
ensure that ROW managers are aware of existing
regulatory and landowner commitments.
Acquisition o f Existing Data — NYSDEC-Regulated
Wetlands, Native American (Indian) Reservations, Soils,
Federal Wetlands, State Parks Data: Existing data sets
and metadata from various sources (e.g., the New
York State Department of Environmental Conser
vation, State GIS Clearinghouse, US Department of
Agriculture, and US Census Bureau) were obtained.
These data sets will be used to plan routine main
tenance and to evaluate future system improvement
plans and permit applications.
Roads: New York State Department of Transportation
(NYSDOT) 1:24,000 road data were used in con
junction with digital orthophotographic base maps.
These data are necessary to provide orientation to
the end users, and to enable maintenance and emer
gency vehicle dispatch and routing.
Land Use: The digital orthophotographic base maps
were used to delineate standard land use categories
within and 100 feet adjacent to the transmission
ROW. Photogrammetric efforts were augmented by
data gathered in the field vegetation inventory.
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- Hydrology: NYSDOT existing hydrologic coverages
were obtained. The wetland delineation results from
the vegetation inventory were used to adjust the fi
nal hydrology coverage. These data sets will be used
to ensure compliance with various environmental
laws and regulations.
- Real Estate Acquisition Parcels: All acquisition and
conveyance parcels for the subject corridor(s) were
developed as a polygon coverage. Since the existing
real estate division tabular database is predicated on
parcel numbers, it was linked to this polygon cover
age to facilitate real property inventory analysis and
maintenance.
- Cultural Resources: Attributed point data describing
cultural resources (historical sites, sites of archae
ological significance, etc.) were obtained from the
New York State Office of Parks, Recreation, and His
torical Preservation.
- Spans: This coverage integrated the vegetation site
coverage and span identifications. These data enable
the integration of the GIS with the existing MRM
database (MAXIMO).
- Stations: This coverage consists of a point file for
each 500-foot station (5-t-OO, 10+00,15+00, etc.).

GIS STRUCTURE

The current dedicated GIS staff is composed of two
GIS administrators/analysts (one each in the envi
ronmental and real estate divisions) whose work is
coordinated by a GIS manager, located in the real es
tate division. This minimal core staff is augmented
by an environmental scientist with special expertise in
GIS support of ROW management and hydro relicens
ing, and an additional contract GIS technician working
primarily in support of environmental programs. The
management concept is that this core staff will handle
basic system maintenance and database administra
tion, and provide analyses and general GIS support for
specialized projects. GIS support of routine tasks (e.g.,
ROW management) will be handled by the staff that is
already responsible for these tasks. Overall coordina
tion of ongoing GIS applications, and the identification
and evaluation of new applications will be handled
through the GIS Users Group, chaired by the GIS Man
ager.
The two administrators/analysts use Arc Info on an
NT platform primarily to create and manage cover
ages and for special analyses and data manipulation
where its inherent power is required. Virtually all rou
tine GIS work by the core staff is done with Arc View,
also on an NT platform. The current end users with
sufficient expertise and/or special needs use Arc View
(primarily Windows95, some NT) with some casual
users employing ArcExplorer. Existing data are resi
dent on shared servers at six different locations. These
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local databases are updated periodically and recon
ciled both over the wide area network (WAN) and,
when data size warrants it, by personal visits. Train
ing and user help have been handled by the core staff
on an ad hoc basis.
The schedule calls for full implementation for trans
mission ROW support in two years, building on the
foundation built by the previously described pilot
project. NYPA's information technology department
has assigned a project manager and other staff (data
base analysts, database administrators, programmers)
to guide the effort and ensure successful completion
of the initial phase, which is focused on transmis
sion ROW applications and support. Contracts have
been issued to URS Corporation (Buffalo, NY office)
for data collection and conversion, general GIS con
sulting and support, and specialized application de
velopment. Current emphasis is on data collection/
conversion and specialized application development.
These tasks require integration with NYPA's MRM sys
tem, MAXIMO.

DATA COLLECTION

While the primary objective for the GIS was to provide
detailed mapping of vegetation sites and features both
on and off the ROW, the GIS also provided ROW in
ventory crews with an efficient tool for collecting field
data. The GIS was set up in two stages. The first stage
consisted of creating a digital orthophotographic base
map and readily available GIS coverages (i.e., roads,
streams, and state/national wetlands). It was com
pleted before the ROW inventory crews mobilized to
the field and was loaded on pentop weather-resistant
computers used by the field crews. The second stage
consisted mainly of post-processing the ROW inven
tory GIS field data and enhancing the previously
developed coverages (e.g., NYSDEC stream classifica
tions were added to the stream coverage). The second
state also involved developing some new coverages
(e.g., real estate acquisition parcels and tax map data).
As with any electrical transmission ROW vegeta
tion inventory, it is necessary to gather information
and maps that will be used in the field. These data,
such as road maps, topographic information, access
rights, regulated wetland maps, plan and profile maps,
ROW edges, tower nomenclature, compatible/noncompatible species and information on sensitive landowners, are necessary to bring to the field but can also
be quite cumbersome. The approach for this inventory
was to collect as much of these data as possible in
electronic format before heading to the field. As noted
earlier, existing electronic data were procured, where
possible, from governmental agencies. The GIS cover
ages obtained from governmental agencies were com
piled at a much smaller scale than the 1:4800 NYPA
base map. In order to create a consistent data set, the
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Fig. 2. The inventory crews could see the vegetation sites on the digital orthophotographs loaded in their field computers. Vegetation sites (or
land use sites) were traced directly on the computer screen and attributed with information from the pull-down menus.

roads and stream coverages were adjusted to match
visible features on the digital orthophotographic base
maps. However, due to their regulatory nature, the
state and federal wetlands coverages were not modi
fied in any way.
More specific GIS coverages for the ROW were also
created prior to field inventory efforts. These coverages
include: transmission tower centers, ROW edges, ac
cess roads, and special conditions (i.e., landowner con
cerns, areas with difficult site access, etc.). To top-off
the electronic data set, ROW plan-profile maps for the
entire ROW were converted to raster images and color
TIF images of 7.5-minute series United States Geologi
cal Survey (USGS) topographic maps were obtained.
PenMap GIS was selected as the base software for
field data collection. A custom application was devel
oped in PenMap that was specifically designed for col
lecting ROW information in accordance with NYPA's
standard environmental inventory procedures. The
data collection application incorporates integrated
functions for GPS mapping which was used during
this project for verifying tower center coordinates.
In the PenMap data collection application, field
crews can create points, lines, or polygons and at
tribute these features through pre-programmed pull
down menus. The pentop computers were setup so
that the field crews had all the data necessary to effi
ciently execute the inventory work.

Vegetation sites (or land use sites) were traced di
rectly on the computer screen to produce a polygon
with true spatial coordinates. The polygons were sub
sequently attributed with information from the pull
down menus and crews were free to move onto their
next site (Fig. 2). From time-to-time, the field crews
would obtain true coordinates (using GPS with sub
meter accuracy) of tower centers. The speed and effi
ciency of the data collection technique coupled with
reliable all-terrain vehicles enabled the two environ
mental inventory field crews to cover approximately
200 miles of ROW in 14 days. Yet this was not the only
time savings — since the field data were collected elec
tronically in a well-designed database, post-processing
efforts were only a fraction of what would be expected
from a conventional paper-based ROW inventory.

GIS SYSTEM IMPLEMENTATION

Once data collection and post-processing were com
plete, the GIS contained 25 coverages with a wealth
of up-to-date environmental inventory data. However,
in order for users to access the data, a fair degree of
GIS software training was needed. In keeping with
the underlying strategy of promoting internal use of
the GIS data, NYPA began evaluating the feasibility
of implementing an end-user application that would
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streamline the training process and provide a cus
tomized tool for ROW management fimctions.
The concept of a customized software system was
evaluated and it was determined that in this case,
the advantages of a custom application outweighed
the feasibility of implementing off-the-shelf traditional
software applications. These advantages include:
Ease of Access — Training times for users of cus
tomized applications are generally much lower than
those for non-customized software products, while
users' understanding of content in customized systems
is generally higher.
Simplicity — Custom systems can be configured to
perform relatively complex tasks that simplify com
monly performed end user tasks and in turn save time.
Centralized Data Access — All data are maintained
and accessed through a central location. Moreover, all
parties have access to current information, avoiding
duplication and synchronization problems inherent in
local systems.
Security — Central data access allows centralized
data control, with system- and database-level security
provided through the use of user IDs, passwords, and
data encryption.
The custom software application was designed for
two main end user groups — ROW managers and
real estate professionals. In general, ROW managers
were interested in evaluating ROW vegetation con
ditions and required access to the geographical data
sets in order to examine treatment techniques in light
of ROW conditions (e.g., wetlands, landowner is
sues/agreements, site access, regulatory commitments,
tracking landowner complaints, etc.). ROW managers
also wanted a function for automating the treatment
plan review process and a link for creating work orders
through the existing MAXIMO work order generation
and tracking system.
Real estate professionals, on the other hand, re
quired support for the following business functions:
notifying land owners of herbicide application, acquir
ing danger tree cutting rights, issuing various land use
permits, tracking conveyances of NYPA land to other
parties, and tracking property acquisition by NYPA.
Real estate professionals also provide a quality assur
ance check for treatment plan work orders. As such,
due to the considerable overlap in ROW management
processes for ROW managers and real estate profes
sionals, a single software application was designed
with some elements specifically targeted at one or the
other user groups, while other elements provided a
bridge for interactions between the two groups.
NYPA assessed the available systems that could be
used to create the custom application and identified
two viable options: ArcView GIS Version 3.2 and
MapObjects Version 2.
Ultimately, it was determined the best system for
this custom application was MapObjects due to its un
restricted flexibility for custom programming through
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VisualBasic, low cost for end user deployment, and
ESRI's impending migration away from ArcView's
current program language (Avenue). However, Ar
cView (and Arcinfo) will continue to be used by GIS
administrators and other advanced GIS users to main
tain and update system fields, and conduct high-end
statistical and data analyses. At this time, NYPA has
a Beta version of the custom software in-hand and is
testing system functionality (Fig. 3).

CONCLUSIONS

Although the implementation of GIS as an enterprise
system at NYPA is still in progress, the benefits of the
technology to assist in conducting environmental and
asset inventories and analyses are already becoming
evident. At the request of the Northern Region, the
vegetation inventory and related data (e.g., tower cen
ters, spans, NYSDEC wetlands) for the Moses Adiron
dack 230-kV transmission line were acquired on an
accelerated schedule in the fall of 1999. The region
transmission staff planned to use these data in support
of outsourcing vegetation maintenance for this corri
dor in the spring/summer of 2000. They have reported
anecdotally that the level of detail of the information
provided through the use of the GIS to the prospective
bidders resulted in costs so much lower than past expe
rience that the investment in the inventory and related
work (~$90,000) was completely offset.
The GIS core staff and information technology staff
are currently identifying system and data maintenance
issues, and working on cost effective solutions. It ap
pears that tax parcel updates may be acquired in a
timely manner from a single source — the New York
State Office of Real Property Services. Although in
vestigation at individual county clerks' offices will
still be required in the event of parcel subdivisions,
total staff time devoted to maintaining current prop
erty owner information will decrease. The State GIS
Clearinghouse has initiated a pilot study for a planned
multi-resolution, ongoing digital orthophotographic
base map acquisition program which may significantly
defray NYPA's estimated base map update costs of
about $100,000 per year. NYPA recently centralized
transmission maintenance in a single group reporting
to the Central Regional Manager. This move will make
the implementation of consistent and uniform mainte
nance practices across the organization more certain,
thereby making GIS implementation and maintenance
simpler. It also puts GIS in an even more impor
tant role, as the central transmission maintenance staff
comes to depend on it for accurate, current information
on the status of NYPA's transmission corridors.
As the ROW management application is deployed
over the next few years, it is expected that enhance
ments will be suggested. Even as the application is
being developed, additional implementation concepts.
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Fig. 3. One of the functions of the ROW Management GIS application is the ability to identify the location of the application for herbicide
notification, obtain the addresses to whom to send the notification, and generate notification letters without duplication.

such as spatial database engine data migration are be
ing evaluated. This migration promises more tightly
integrated applications, as the migration of GIS data
to Oracle will join MAXIMO and other enterprise data
sets in a common format. Some additional enhance
ments being investigated are the use of integrated cell
phones/GPS technology to facilitate danger tree loca
tion and general database update functions, high res
olution LIDAR terrain and conductor catenary model
ing for conductor clearance analysis and danger tree
detection.
The future of GIS at NYPA is promising. The chal
lenge will be, as always, to stay far enough ahead of the
curve to provide a competitive advantage while avoid
ing the "bleeding edge."

siting and construction, rights-of-way vegetation man
agement, GIS application development and hydro
electric project relicensing.
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Using GIS to Support Environmental Stewardship
Objectives in Maryland Rights of Way
MarkT. Southerland, Donald E. Strebel, Allison Brindley,
A. Morris Perot, Jr., and Sandra Shaw Patty

The Power Plant Research Program (PPRP), a division of the Maryland Department of Natural
Resources (DNR), is charged with addressing the environmental consequences of electric power
generation and transmission within Maryland. At the same time, DNR has embraced an
ecosystem approach to natural resources management and is seeking new tools to help meet
more ambitious environmental stewardship goals. Geographic information systems (GIS) are
powerful tools for overlaying electric utility infrastructure management needs and biodiversity
conservation opportunities. PPRP has recently assembled a comprehensive GIS data base of
transmission line routes and rights-of-way (ROWs) attributes throughout Maryland. PPRP has
also used rare, threatened, and endangered species data on a watershed scale to identify priority
regional biodiversity hotspots. In a separate initiative, DNR has identified hubs and corridors of
contiguous forests and wetlands as part of a statewide "green infrastructure" program. PPRP
is now using these layers in GIS to: (1) assess the impacts of current ROWs management
practices, (2) recommend improved practices in specific areas, (3) facilitate optimal siting of new
transmission lines, and (4) promote ecosystem-based restoration and planning that minimizes
the costs and maximizes the benefits of landscape changes. F o r example, utility ROWs in
the vicinity of biodiversity hotspots are being targeted to enhance habitat for rare plants and
animals, ROWs within proposed green infrastructure corridors are being proposed for compatible
vegetation management to link fragmented habitats, and utility properties within existing green
infrastructure hubs or biodiversity hotspots are being considered for purchase or management as
"core" preserved lands.
Keyivords: Geographic information systems (GIS), rights-of-way, transmission lines, power
plants, biodiversity, endangered species, greenways, land use, conserv^ation, environmental
stewardship

INTRODUCTION

The goal of the Power Plant Research Program (PPRP)
of the Maryland Department of Natural Resources
(DNR) is to effectively manage the natural resources
of the State affected by the generation and trans
mission of electric power. Rights of way (ROWs) for
transmission lines and other linear facilities are lo
cated throughout the State and provide unique chal
lenges for stewardship of natural resources. The need

Environm ental Concerns in Rights-of-Wny
M anagem ent: Seventh International Symposium
J.W . G o o d r ic h -M a h o n e y , D .F . M u t r ie a n d C .A . G u ild (e d ito r s )
© 2 0 0 2 E l s e v i e r S c ie n c e L td . A ll r ig h t s r e s e r v e d .

for effective management decisions affecting these
ROWs will likely increase as electric power is dereg
ulated.
In 1996, Maryland DNR adopted a new paradigm
for managing Maryland's natural resources founded
on the concept of ecosystem-based management (Ma
ryland DNR Ecosystem Council, 1996). This ecosys
tem-based approach to natural resources stewardship
poses special challenges for managing electric utility
ROWs. PPRP is enlisting geographic information sys
tem (GIS) technologies to meet this challenge. This
paper describes the ongoing research efforts at PPRP
to develop the necessary data and build the requisite
GIS tools to implement ecosystem-based management
of ROWs through a spatial analysis approach.
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GIS APPROACH

The benefit of using GIS-based spatial analysis for
management is that it provides specific geographic lo
cations for facilities and natural resources that vary in
their attributes and conditions. Because these locations
are known, the spatial relationships of the facilities and
natural resources can be determined and ROW man
agement conducted in a specific and integrated fash
ion. The difficulty posed by GIS-based spatial analysis
is that it requires extensive locational data. PPRP's
approach to conducting spatial analysis using GIS is
twofold: (1) to develop the statewide transmission line
and ecological data to support GIS applications and
(2) to build several GIS-based tools that can support
Maryland DNR and electric utility decisionmaking.
Potential outcomes of these tools are impact evalua
tion, impact minimization through siting and facility
management, and ecological restoration targeting.

MAP DATA TO SUPPORT THE GIS APPROACH

Two kinds of data are needed to support PPRP's GIS
approach to managing ROWs: (1) a complete GIS
data base of transmission line locations and attributes
across Maryland and (2) relevant locational data on
ecological conditions at site and watershed scales.
Transmission Line Data Base

The PPRP Transmission Line Data Base Project has
compiled a comprehensive data base of transmission
line locations within the State of Maryland using a
variety of source maps. Data sources include digital

and hardcopy USGS topographic maps augmented
by transmission line location maps provided by the
Public Service Commission and the electric utility
companies (BGE, SMECO, PEPCO, Allegheny Power,
and DPL/Conectiv). The data base is believed to
be current and accurate, but an independent quality
assurance check by the utilities is underway.
The spatial data base was created by digitizing map
information and adding line attributes manually from
the service territory and other maps. The data are fully
transferable to ArcView and other GIS packages and
can be displayed using the ArcExplorer freeware tool.
Fig. 1 illustrates the pattern of transmission lines across
Maryland. Currently the project not only includes the
line locations, but also indicates the owners of the lines,
their capacities (kV), and the substations between
which the lines run. Future work will expand these
attributes (e.g., adding land use and ROW width) and
link the spatial data to historical permit application
information.
Ecological maps

A variety of ecological maps are available to use in
conjunction with the PPRP Transmission Line Data
Base. They vary in scale and the natural resources they
depict. A number of maps are available for any loca
tion in Maryland and have traditionally been used,
in conjunction with site surveys, to evaluate poten
tial impacts of transmission lines. The most important
of these maps describe land use/land cover, soils,
streams, wetlands, historical and archeological areas,
agricultural preservation areas, and parks. These can
generally be obtained from the US Geological Survey
or state agencies, although the effort to obtain and for
mat the data for spatial analysis can be substantial.
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Fig. 2. Priority hotspots for biodiversity conservation in Maryland.

At the same time, new ecological maps are being cre
ated to more accurately represent the range of habitats
and species distributions across Maryland. Two are of
special interest for ecosystem-based management of
r o w s:
- PPRP's Provisional Biodiversity Hotspots in Mary
land — Phase Two of a project describing the pat
terns of biodiversity among Maryland watersheds
using rare, threatened, and endangered species re
cords for 12 major taxonomic and ecological cate
gories (Fig. 2).
- Maryland DNR's Green Infrastructure — A statewide
landscape assessment of hubs (large contiguous for
est and wetland habitat areas) and corridors (com
patible habitat connecting hubs) developed to facili
tate targeting of conservation easements, ecosystem
restoration, and land use planning (Fig. 3).

GIS TOOLS AND PRELIMINARY RESULTS

PPRP is currently developing two kinds of tools to
support ROW decisionmaking: (1) a method for eval
uating the potential impacts of specific transmission
line ROWs using their coincidence with ecological at
tributes and (2) a method for targeting restoration
opportunities within ROWs by overlaying them on
high-value natural areas (as described by biodiversity
hotspots and the green infrastructure). Once targeted,
vegetation and habitat management options can help
minimize impacts or promote restoration in ROWs.
ROW Impact Evaluation Method

PPRP has developed a draft Transmission Line ROW
Impact Evaluation Method (Flarriott et al., 1997) to
facilitate licensing reviews traditionally conducted in
dependently by the mandated agencies. The goal of
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this project is to provide a computer tool that will aug
ment the best professional judgement routinely used
in reviewing a new transmission line route. The Evalu
ation Method is a computerized decision tool that can
be used to calculate the ecological impact or "cost" of a
new route and provide the user with a rapid, unbiased
ranking of the potential environmental impacts from
proposed transmission lines.
The Evaluation Method uses digital data to repre
sent natural and cultural resources that have been in
corporated into and enhanced in a GIS coupled with an
analytical, algorithmic processing program. Initially,
seven resource layers representing landscape features
known to affect routing decisions for transmission
lines were selected for the development of the Evalua
tion Method. Data layers were generated for forests,
streams, roads, and other utility corridors; wetlands
(forested and non-forested were treated separately);
agricultural preservation districts; and historic proper
ties. Each resource layer was given a set of weighted
buffer zones based on State regulations or best pro
fessional judgement. The weights were designed to
account for the impacts associated with a 200-foot
right-of-way, based on each resource's vulnerability
and the ROW's route near or through the features
(Eig. 4). The base features and their buffer zones were
compiled in a GIS and converted from vector to raster
format; the summed weight at each pixel provides a
point-for-point computerized ecological landscape for
the quantitative evaluation of superimposed transmis
sion line ROWs. Eor each proposed route, the algorith
mic program is applied to this landscape to calculate
total cost per line and average cost per pixel (in terms

A: sum 55980, avg 38.45
B: sum 44480, avg 29.19
Fig, 5. Env'ironment impact (cost) landscape resulting from two
alternative transmission line ROWs using ROW Impact Evaluation
Method.

of environmental impact) (Fig. 5). Because the Evalu
ation Method was designed to incorporate GIS data
representing different natural or cultural resources, the
user can select different sets of resources (and ap
ply customized weighting schemes or variable buffer
widths) to address agency or regional concerns. Ad
ditionally, the Evaluation Method allows the user to
investigate the proposed line's influence on individual
resources, providing a tabular result describing the rel
ative amount of impact on each resource (e.g., using
the number of pixels contacted by the line).
A separate program has been designed that can seek
out the least environmentally damaging route across
the computerized landscape. This program takes the
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starting and ending points (supplied by the user),
and plots the path of lowest pixel values. The infor
mation gained from the results of such a program
may assist the user in evaluating proposed routes
by comparing their values against the values associ
ated with the "best" line generated by the computer.
This program provides the ability to compare multiple
alternative routes objectively and select the "least envi
ronmentally damaging" route. The combination of this
"optimal" computerized landscape and the resourcespecific tabular output provides the user with a pow
erful tool for ROW impact research and mitigation.
Ultimately, this tool should reduce the time and effort
needed to evaluate proposed transmission line routes
and decrease the likelihood of project delays during
the review process.
Restoration targeting at ROWs

While rigorous evaluation of potential impacts from
specific transmission line ROWs will continue to be an
essential activity for avoiding or minimizing adverse
effects, spatial analysis through GIS also offers the
opportunity to target management at the scale of
watersheds and landscapes. This was not possible
until comprehensive GIS data on ROWs and natural
resources became available for large areas. Now that
the Transmission Line Data Base and the Provisional
Biodiversity Hotspots and Green Infrastructure maps
are available for the entire State, effective targeting of

restoration opportunities can be done.
The method for identifying targeting priorities is
simple: spatial overlays of ROWs are done on highvalue natural areas described at the watershed level
(Biodiversity Hotspots) and across the whole land
scape (Green Infrastructure). Each of these ecological
maps provides a different picture of Maryland's nat
ural resources: the Biodiversity Hotspots describe the
pattern of rare species most at risk of extirpation, while
the Green Infrastructure describes the pattern of con
tiguous habitat best able to support area-dependent
species.
Biodiversity hotspots
The PPRP Biodiversity Hotspots Project (Southerland
et al., 1999) is applying spatial analysis through GIS to
existing biological data on the distribution and abun
dance of organisms in Maryland. PPRP has identified
three key sources of biodiversity data within DNR
that will be incorporated into the Project in phases:
(1) the Maryland Biological Stream Survey (MBSS)
is a recently completed source of probability-based,
statewide information on aquatic species, (2) the Her
itage and Biodiversity Conservation Programs (HBCP)
have long been the primary source of data on rare,
threatened, and endangered species throughout all
Maryland's natural communities, and (3) the Gap
Analysis Program (GAP) is an ongoing initiative that
will provide complete coverage of predicted species
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ranges in Maryland based on remotely sensed vege
tation and species habitat models.
The specific objectives of the project are to identify
species-rich areas, areas that support rare species, and
other areas or "hotspots" that make the greatest con
tribution to regional and state biodiversity as defined
below:
Biodiversity is the variety of life and its processes. It
includes the variety of organisms, the genetic differ
ences among them, the communities and ecosystems
in which they occur, and the ecological and evolu
tionary processes that keep them functioning, yet
ever changing and adapting (Noss and Cooperrider,
1994).
PPRP has recently completed Phase Two of the
project, while incorporating the lessons of Phase One.
Specifically, spatial analysis methods have been ap
plied to determine the distribution of rare species
richness for 12 taxonomic and ecological categories at
the scale of Maryland 8-digit watersheds (138 in the
State). While the HBCP data improve on the MBSS data
by focusing on rare species and including terrestrial
taxa, these data still represent an incomplete sample
of biodiversity, both taxonomically and geographically.
Our knowledge of geographic patterns will be further
improved by incorporating the finer resolution of the
GAP data in Phase Three.
The hotspots analyses of the rare, threatened, and
endangered species data from DNR's HBCP, in con
junction with the MBSS hotspots results, provide in
formation that should be useful to land managers in
Maryland, including the electric utility industry. The
two primary conclusions are as follows:
- Rare, threatened, and endangered species, especially
plants, can be found in all regions of Maryland
and, therefore, provide numerous opportunities for
biodiversity conservation for major land managers
in the State.
- The pattern of these rare, threatened, and endan
gered species, taken across all taxonomic and eco
logical categories, reveals five hotspot areas that can
form the basis for priority biodiversity conservation
efforts.
While opportunities for biodiversity conservation
exist statewide, these analyses reveal hotspots of rare,
threatened, and endangered species richness in five ar
eas of Maryland (Fig. 2). These regional hotspots are
logical priorities for conducting larger scale biodiver
sity conservation efforts. Each regional hotspot has a
central watershed that is especially rich in rare, threat
ened, and endangered species. Several watersheds in
that region may also be species rich depending on
the taxonomic or ecological category. Biogeographical
processes would predict the separation of hotspots by
major regions, but the benefit of these analyses is to re
strict the hotspots to a small set of watersheds in each
region. The following five regional hotspots comprise
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Fig. 6. Overlay of transmission lines and major power plants on priority hotspots for biodiversity conservation.

15 watersheds or only 11% of the 138 watersheds in
Maryland:
- Western Maryland. Far northwestern Maryland cen
tered on the Youghiogheny River watershed, but
including the neighboring Upper North Branch Po
tomac River, Savage River, and Casselman River
watersheds.
- Central Maryland. The middle of the State north of
Washington, DC centered on the Potomac RiverMontgomery County watershed, but including the
nearby Upper Monocacy River and Potomac RiverWashington County watersheds.
- Southeastern Maryland. Far southeastern Maryland
centered on Nassawango Creek, including two
neighboring watersheds (Chincoteague Bay and
Lower Pocomoke River) and the Nanticoke River
watershed.
- South Central Maryland. The southern western shore
centered on the West Chesapeake Bay watershed,
including the neighboring Lower Patuxent River
and Zekiah Swamp watersheds.
- Northern Chesapeake Bay. The northern part of Mary
land above the Chesapeake Bay centered on the
Lower Susquehanna River watershed.
Electric utilities and other organizations interested
in biodiversity conservation can use these priority, re
gional biodiversity hotspots to initiate watershed-scale
biodiversity conservation efforts. Both large and small
watershed stewardship groups are forming through
out the State. Effective partnerships among the US
EPA, State agencies, local governments, private orga
nizations, and electric utilities could be based on these
provisional hotspots. In an era of declining funding
for environmental management at utilities, land man
agement activities can be targeted to those properties

that make the largest contribution to statewide biodi
versity conservation. Similarly, when utilities are faced
with the need to divest properties, their biodiversity
value can be factored into decisions to sell. For exam
ple, conservation trust organizations may be sought as
prospective buyers or environmental credits may be
sought from regulatory agencies for conservation ef
forts on these lands.
More immediately, utilities can use these hotspots
to focus their current land management efforts in their
ROWs and other properties. Fig. 6 shows an over
lay of power plants and transmission lines on the
five priority biodiversity hotspot areas. Table 1 lists
the total miles of transmission lines (and proportion
per watershed area) in each of the prominent water
sheds of each biodiversify hotspot area. On average,
there are 0.04 miles of fransmission line per acre of
State land; the range of transmission line density in
the prominent watersheds varies from 0.007 in Chin
coteague Bay to 0.093 in Potomac River-Washington
County. In each of the five priority hotspot areas (but
less so in the Northern Chesapeake Bay), there are
many miles of transmission lines that provide oppor
tunities for rare, threatened, and endangered species
management. Many electric utilities already maintain
such programs, especially for rare grassland plants.
Green infrastructure
Maryland's Green Infrastructure Assessment (Weber,
1999) is a tool being developed to help identify and pri
oritize areas in Maryland for conservation and restora
tion. It uses GIS technology to identify large, ecolog
ically valuable areas (hubs) and a potential system of
connecting corridors. These areas are further ranked
according to their relative ecological importance, as
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Table 1. M iles of transmission line ROWs in prominent watersheds within priority biodiversity hotspot areas of Maryland
SHEDNAME

Youghiogheny River
Potomac River (Upper North Branch)
Casselman River
Savage River
Potomac River (Washington County)
Potomac River (Montgomery County)
Upper Monocacy River
Zekiah Swamp
Patuxent River (Lower)
West Chesapeake Bay
Lower Susqueharma River
Nanticoke River
Lower Pocomoke River
Nassawango Creek
Chincoteague Bay

MD8DIGIT

SHEDAREA
(acres)

PH.AREA

TL.LENGTH
(miles)

PROP_TL

5020201
2141005
5020204
2141006
2140501
2140202
2140303
2140108
2131101
2131005
2120201
2130305
2130202
2130205
2130106

153543.0938
67064.1094
58408
74219.4375
58039.3789
87914.2031
155934.4844
69725.3828
239273.6563
52661.4258
24352.2813
127292.6094
100977.5938
43780.1914
89009.1016

Western Maryland
Western Maryland
Western Maryland
Western Maryland
Central Maryland
Central Maryland
Central Maryland
South Central Maryland
South Central Maryland
South Central Maryland
Northern Chesapeake Bay
Southeastern Maryland
Southeastern Maryland
Southeastern Maryland
Southeastern Maryland

79.2163
22.4292
22.2166
25.2341
54.1642
19.2351
96.3069
56.3833
116.462
21.2185
3.6047
41.2175
32.8839
19.7759
6.415

0.0516
0.0334
0.038
0.034
0.0933
0.0219
0.0618
0.0809
0.0487
0.0403
0.0148
0.0324
0.0326
0.0452
0.0072

PROP_TL is calculated as [tljength/shedarea) * 100].
Maryland average [tl_length/state area) * 100 = 0.04033.

well as the potential risk of loss to development. Rank
ing is done on two scales; by entire hub or corridor and
by individual cell (approximately a third of an acre).
Two tiers of hubs are identified: those of statewide
significance (at least 2000 ac) and smaller hubs (5002000 ac) that may be of local concern. Counties or
other local governments with little or no unprotected
statewide core area might be interested in preserving
these smaller ecological hubs. These would be linked
by corridors to the statewide hub and corridor net
work. "Nodes" are patches of interior forest, wetlands,
sensitive species areas, or protected areas along cor
ridors. These serve as "stepping stones" for wildlife
movement along corridors. Buffers around core ar
eas are identified. Finally, gaps, which are developed,
agricultural, or mined areas within ecological hubs,
corridors, and nodes, are identified, and ranked for po
tential restoration.
While the results of the Phase Two Biodiversity
Hotspots Project are limited to ecological conditions
projected over the 138 watersheds in Maryland, the
Green Infrastructure provides a landscape map based
on 30-meter resolution land cover data. This finer scale
allows PPRP to evaluate more subtle associations be
tween transmission line ROWs and natural resource
values (although they contain less information on the
rare species composition of each area). In particu
lar, PPRP can address forest fragmentation issues and
identify locations where transmission line ROWs im
pacts to natural habitat corridors may be minimized.
PPRP's current Greenlines Project (Perot et al., 2000)
focuses on targeting ROW locations where compatible
vegetation management can improve their condition
as wildlife corridors. The Green Infrastructure pro
vides the best ecological map for identifying critical
gaps in contiguous habitat caused by ROWs.

The Greenlines Project has conducted spatial analy
sis to identify locations where transmission line ROWs
intersect natural habitat corridors that are of local
or state-wide importance as defined by the Green
Infrastructure. Initially, GIS was used to find the in
tersection of transmission lines and habitat corridors,
producing the base data set for subsequent analysis.
The intersections identified in the spatial analysis were
then visually evaluated to select sites that had less
complex intersections and higher degrees of ecological
importance. Intersections not meeting these qualitative
attributes were removed from further consideration.
The goal was to identify, in priority order, the transmis
sion line ROW locations where enhanced vegetation
management would effectively cormect the most hub
and corridor habitat.
The spatial analysis produced 19 transmission line
ROW-habitat corridor intersections (Fig. 7). Sites were
identified in 13 counties, with the greatest number
(4 sites) in western Maryland's Garrett County. Other
concentrations were in south-central Maryland (7
sites), northern Chesapeake Bay (7 sites), and south
eastern Maryland (3 sites). This distribution corre
sponds well to the priority biodiversity hotspots iden
tified using rare, threatened, and endangered species
occurrences. This may be a result of greater ecological
values in these areas and/or greater ROW densities,
but nonetheless indicates that substantial opportuni
ties exist to minimize ROW impacts and link contigu
ous habitat.

CONCLUSIONS

GIS-based spatial analysis can be an important tool
for managing Maryland ROWs and supporting stew
ardship based on ecosystem principles. Within PPRP,
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Fig. 7. Priority intersections of transmission line ROWs and gaps in the green infrastructure.

GIS is currently being used to improve impact evalu
ation of ROWs and better target ROWs for ecological
restoration and plarming. Specifically, the ROW Eval
uation Method, while still in draft form, has the po
tential to expedite environmental reviews and build
consensus among reviewers by providing standard
data in an objective format. Both regulatory review
agencies and electric utilities have shown an interest
in this method. At the same time, it is important that
the method not become a "black box" that confounds
the evaluation of individual resource impacts by com
bining results into a single output. GIS-based spatial
analysis is also being used by PPRP for restoration tar
geting of ROWs within priority biodiversity hotspots
and green infrastructure landscapes. Electric utilities
are being encouraged to focus their current land man
agement efforts on these targeted ROWs to create habi
tat for rare, threatened, and endangered species, and
to reduce fragmentation in large areas of contiguous
habitat. Utilities may also seek environmental credits
for ecologically friendly management or prospective
buyers (e.g., conservation trust or government organi
zations) for surplus utility lands in targeted areas.
Maryland DNR will continue to develop these and
other GIS-based tools for ROW management, so they
can be used effectiv^ely by DNR, other agencies, and the
electric utilities. In particular, the Transmission Line
Data Base will be reviewed and updated as neces
sary and the biodiversity hotspots will be refined using

GAP data. Where feasible the spatial analysis proce
dures and their GIS output will be made available to
all interested parties, including other states.
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Using GIS for Right-of-Way Vegetation
Maintenance and Landowner Notification
Craig Nyrose and Terry MacNeill

ATCO Electric Ltd. operates and maintains over 8600 km of transmission lines and associated
rights-of-way. Effective vegetation management is key to ensuring that ATCO Electric's facilities
are free of any potential hazard. The Forest Operations section is responsible for ensuring that
proper limits are maintained between vegetation and electrical equipment, for both electrical
transmission and distribution lines, and performs vegetation control on transmission lines
according to a three year cycle. This work involves initial patrol, landowner notification,
maintenance operations, and inspection. The effective utilization of vegetation maintenance and
management information is critical to the success of their program, and it is important that this
information be made available to field staff in a simple and effective way. The Forest Operations
section, in association with Applied GeoProcessing Inc., has developed an innovative approach
to managing and maintaining vegetation information. This approach uses GIS (Geographic
Information Systems) technology to provide a simple, intuitive tool for its Forest Operations office
and field staff. This paper provides an overview of the ATCO Electric's Vegetation Maintenance
and Landowner Notification GIS application and includes a discussion of initial requirements,
issues related to the development of the application, and the identification of benefits to the
company and its customers.
Keyivords: Geographic Information Systems

BACKGROUND

ATCO Electric Ltd. is an investor owned electric utility
that provides service to over 160,000 customers in the
southeastern and northern portions of the province of
Alberta, Canada. The company operates and maintains
over 8600 km of transmission lines and 80,000 km
of distribution facilities. The effective management of
vegetation within and around transmission rights-ofway is critical, in order to ensure that ATCO Electric's
facilities are free of any potential hazards, and that they
operate in a safe and reliable manner.
The company's Eorest Operations section is respon
sible for ensuring that proper limits are maintained
between vegetation and electrical equipment, for both
transmission and distribution lines.

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

In support of its mandate, the Eorest Operations sec
tion performs vegetation control on transmission lines
according to a three year cycle. Activities related to the
management of vegetation along electric transmission
line rights-of-way include:
- Line patrols — during this activity ATCO Forest
Operations staff or external contractors visit and
examine the right of way and determine the ap
propriate vegetation management operations that
are required. Typical operations include tree cut
ting, trimming or the application of herbicides by
spraying. During the patrol, the forester completes a
powerline tree survey report that identifies for each
span, the existing conditions and the type of vegeta
tion operation required. Additional items are noted,
such as the presence of danger trees, beehives, or
ganic farms, and other items that may affect the type
of vegetation management operation that may be
applied.
- Landowner notification — based on the line patrol,
affected landowners and occupants are contacted to
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notify them of planned vegefation management op
erations within and along the right of way. ATCO
Forest Operations staff physically visit each prop
erty where operations will be performed. This in
cludes lands were ATCO Electric has a registered
interest (right-of-way), as well as adjoining lands.
During this field visit, field staff update records re
lated to landowner, occupant name, address, etc.,
and ownership status. A Landowner Notification
form is completed which includes the types of op
erations that will be performed on the property, as
well as any special conditions that may be specified
by the landowner in order to obtain their approval
to proceed. Typically, special conditions may require
a modification to the original patrol recommenda
tions. For example, selective tree trimming may be
required in certain areas. The Landowner Notifica
tion form typically includes a sketch plan, showing
the location of the property, other base informa
tion such as the location of access roads, buildings,
streams, as well as the location of powerlines and
poles. Prior to proceeding with any vegetation main
tenance work, the landowners' signature or a verbal
approval is required to indicate that they have been
notified, and that they consent to the work that will
be done on their property.
Maintenance operations — this work is typically
contracted on a line by line basis. Prior to initiating
the work, bid packages are prepared and the work
is tendered to several contractors that are capable of
performing the vegetation maintenance work. The
bid packages typically include the original patrol
reports, landowner notification/permission forms,
maps showing the line and property locations, as
well as other supplementary data. This informa
tion forms the basis of a fixed price tender. Once
awarded the work, the maintenance contractor per
forms the required operations on each property
according to the information on the Landowner No
tification/Permission form. If the actual work per
formed varies from that originally authorized, then
a notation is required by the contractor indicating
that a different operation was performed, and the
reasons for doing so.
Final inspection — this work is performed by ATCO
Forest Operations staff, prior to the approval of the
work done by the vegetation maintenance contrac
tor. The inspector physically inspects the line to
examine the work done by the contractor to ensure
that it has been done according to specifications,
as well as what was authorized and acknowledged
by the landowner. During this activity, the inspec
tor checks for compliance with information on the
Landowner Notification/Permission form, as well
as any modifications that may have been performed
by the contractor. This final inspection forms the ba
sis for the approval of the work by ATCO.

ISSUES ASSOCIATED WITH A “PAPER-BASED”
SYSTEM

In the past, information related to these activities
has been created, managed, and maintained using
paper forms, hardcopy maps, and other documents.
Issues associated with managing and maintaining this
information in a 'paper-based' world included:
- Difficulties in storing, managing, and maintaining
information — vegetation maintenance information
was kept in large binders within numerous file cabi
nets. Multiple copies of patrol and other information
may exist, with each having potentially different no
tations on them. Landowner Notification forms were
typically stored in ATCO regional offices. Often, the
regional offices would have different information
than head office staff, due to the number of differ
ent copies of documents that were in circulation.
A method to synchronize information collected at
a regional level with information at head office was
required. Changes to landowner and other informa
tion were only made on a line by line basis, accord
ing to the three year patrol cycle. Often, properties
would contain more than one powerline, resulting in
inconsistencies with basic landowner information.
- Difficulties in responding to landowner and occu
pant inquiries pertaining to past vegetation manage
ment operations on their property. In many cases,
landowners may be applying to have their land
organically certified and need to know whether her
bicides had been applied and when the work was
done. Responding to these inquiries often resulted
in significant time and effort being expended to
search and find documents due to problems asso
ciated with efficiently accessing information that is
stored in binders, file cabinets, etc. Often this in
formation was not readily available to other users
within the company.
- Lack of integration between textual data and map
ping information related to vegetation management
operations. Typically map and textual data were
maintained in different formats and stored in differ
ent physical locations, making it a difficult and time
consuming task to geographically reference various
operations that were performed along the right-ofway and adjoining properties. Landowner Notifica
tion forms contained sketch information that had to
be manually re-drawn for each maintenance cycle.
There was no direct link between vegetation man
agement information and the electrical system maps,
nor was there a way to effectively link to other base
map data sources.

A NEW APPROACH TO MANAGING INFORMATION

To improve on operating efficiency and the utilization
of information, the application of a custom GIS appli
cation was investigated. Applied GeoProcessing Inc.,

Using CIS for ROW maintenance

(AGP) provided the technical expertise to match the
application to ATCO Electric's requirements. The ob
jective was to create an application that was able to
maintain vegetation management records in an easily
accessible fashion, to directly link and utilize existing
electrical system maps, provide direct access to aerial
video footage, and produce custom forms and reports.
It would also have to link other information such as
herbicide application, base feature mapping, vegeta
tion inventories, and company work standards. The
application had to be usable from a laptop computer
and be end user friendly.

i. ATCO Elecliic Map Viewei
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APPLICATION COMPONENTS
Technology

The ATCO Electric Vegetation and Landowner Notifi
cation application was developed using the following
soffware components:
- User interface — Visual Basic 6.0;
- Database — Microsoft Access;
- GIS — ESRI's MapObjects.
The application was developed to operate in the
office and in the field running on a minimum config
uration consisting of Pentium 166 MHz laptops, with
32 MB of RAM. The chosen operating system for the
application is Windows 95/NT.
Textual data

Textual data is managed through a database imple
mented using Microsoft Access. The database manages
and maintains patrol, notification, maintenance, and
inspection information through related database ta
bles. As vegetation operation data is entered into the
application from line patrols, it is stored in both the
patrol and notification database tables. During the
notification stage, operation information may be mod
ified based on input from landowners. Under these
circumstances, the operations are modified in the af
fected notification tables only. The result is an "audit
trail" of changes to operations through the various
stages of the work process, from patrol to the work that
was actually performed.
In order to ensure consistency between data stored
and managed in head office and data that was main
tained in the field, a custom database synchronization
process was developed by AGP to manage updates
and changes in the field through each project stage.
This process extracts a field copy from the master data
base and flags these records as "out for update." After
the data is returned from the field, prior to loading
into the master database, a record by record matching
process is initiated that detects new records, changed
records, and deleted records. The process also identi
fies any data inconsistencies or conflicts and provides
a mechanism for resolving them prior to updating the
master database.

Map viewer

Patrol and notification information is accessed using
simple to use map viewer (see Pig. 1). The viewer pro
vides the capability for ATCO field and contract staff
to quickly orient themselves by accessing a location
by powerline and pole number, legal description, or
by locating it in the map window. Patrol, vegetation
operation or other data can then be entered in the ap
propriate textual forms.
The data m anaged by the application includes:

- Province of Alberta digital topographic and cadas
tral land base in Arc/Info, shape and Intergraph
design file format;
- ATCO transmission facilities — this data includes
pole and line locations determined to a 1 m accuracy
using airborne GPS (Global Positioning System)
technology, as well as associated video imagery in
MPEG format;
- Map and sketch information entered by ATCO field
staff. The application provides sketch and red-lining
tools that provide the capability of adding userdefined features, such as buildings, streams, lakes,
roads, danger trees, hot spots, etc.
Within the map viewer, the user has the capabi
lity of identifying and querying information about any
geographic feature managed by the application. Us
ing the red-line capabilities of the map viewer, ATCO
field staff can add other features and sketch infor
mation. This information is stored with each project
and can be used on subsequent projects. The sketch
information is used by the application to create the
detailed sketch component of the Landowner Notifi
cation form, thereby eliminating the need to manually
re-draw the sketches for each property.
Video viewer

The map viewer also provides access to video imagery
for each line in the transmission system. The user
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Reporting functions

ATCO Electric Video Viewer

Using the data managed and maintained by the tex
tual and GIS databases, the application provides the
capability to generate a number of standard forms and
reports in support of ATCO's Forest Operations busi
ness. These reports can be generated either in the field
or in head office and output to a standard laser or inkjet
printer. In addition to the standard Landowner Notifi
cation form (on an individual property basis), various
summary and statistical reports (on a line by line basis)
can be generated as required. These reports include:

^ II ■
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Line Number:

- Duplicate and problem landowners;
- Patrol summary reports — mechanical operations
only, spray operations only, and special areas;
- Notification summary reports — mechanical opera
tions, spray operations, etc.

►
►n
Pole Number:

BENEFITS
Fig. 2. Video viewer.

has the option of interactively selecting a line and
pole number using the map interface, or by simply
keying it in. This activates a video viewer (see Fig. 2)
which queues the image to the appropriate powerline
and pole number. Video imagery is stored on CDROM, and is in MPEG format. The video viewer, in
combination with the map viewer provides ATCO
Electric staff with a simple and intuitive method to
access line and right of way information as well as
associated imagery, thereby reducing the number of
potential trips to the field to verify information.
Textual data entry

The application provides a number of forms for the
entry of textual information in support of vegetation
maintenance and landowner notification. These forms
include:
- A landowner information form — for the entry and
maintenance of landowner name, address, phone
number, ownership status, etc.
- A patrol information form — this form provides
the capability to enter and edit operation, patrol
notation, and patrol comments;
- A notification form — this form provides the capa
bility to update and edit operation data, and to add
landowner comments and conditions. Additional in
formation pertaining to the status of permission or
authorization to perform proposed vegetation man
agement operations can also be managed.
- Status forms — various forms are available to indi
cate both contractor status (completed or not com
pleted) and inspection status (approved or not ap
proved) by property.

The implementation of this application for right of way
vegetation maintenance operations and landowner
notifications has resulted in the following benefits to
ATGO Electric Ltd. They are:
- More effective management of information — data
is available for field staff in a simple intuitive way
for review and update. All data is managed and
maintained in a central database repository that is
updated using a sychronization process between the
central database and field copies;
- All data is digital — this results in improved quality
of information, the elimination of multiple copies,
and reduced costs to manually photocopy and re
produce information;
- Improved integration of data — the application pro
vides the capability to integrate and geo-reference
vegetation maintenance and other information with
provincial base mapping, ATCO system maps, im
agery, and other geographic information;
- Improved availability of data — vegetation mainte
nance, landowner, and geographic data can be made
available in digital form to other potential users
within the company.

FUTURE PLANS

Future plans for this application include broadening
its scope to include electrical distribution facilities in
addition to transmission lines. Other enhancements
include the addition of ad-hoc textual and map reports
and the generation of digital documentation in support
of the preparation of tender documents.
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G IS as a Tool to A d d ress E nviro nm en tal Issues
in R igh ts-of-W ay P lan ning and M anagem ent:
T h e E xam p le of Rural R oad N etw orks

Dr. Ir. Catharinus F. Jaarsma^ and Ir. Geert P.A. Willems

Planners must find a balance between maximising accessibility and minimising traffic impacts.
Therefore, impacts of roads and their traffic on, for example, energy consumphon, emissions,
noise and habitat fragmentation for the fauna must be identified. This paper shows the
opportunities of a GIS, developed for this purpose. To promote traffic safety, in the Netherlands a
concentration of present diffuse traffic flows on minor roads within an area on a limited number
of trunk roads is pursued. Several alternative network solutions may realise this concentration,
each with its own impacts. The GIS enables both an overview per road link and on a regional
scale. In a case study, energy consumption and emissions increased on a regional scale. Noise
and habitat fragmentation decreased by concentration of traffic flows. Because of the impacts on
habitat fragmentation strongly depend on the location within the region, both scales, regional and
on the link level, should be taken into account. It is well known that a GIS is a powerful instrument
in traffic planning. This paper shows that an enlargement in the wider context of environmental
issues may be helpful to include such impacts in the rights-of-way planning and management of
rural road netw o rk s.
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INTRODUCTION

The road network is a form of land use, which plan
ning strongly depends on other land uses. Simulta
neously, all human land uses are strongly depending
on this network. An accurate road network provides
good accessibility, which leads to economic develop
ment and an efficient use of land resources.
Traffic flows showed a considerable growth, due to
an increase of the prosperity and an increase of spare
time. Nevertheless the present road network seems
to be sufficient in industrialized, densely populated
countries, at least from a quantitative point of view.
However this is not the case from a qualitative point
of view (Jaarsma, 1997). Many roads are no longer
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adapted to their current function. This leads to traffic
accidents and higher costs for the road management
due to damage of the verges and the road construction.
With expanding road networks in the recent past
and increasing traffic flows also the effects of the
networks and their traffic on the environment have
increased. Although these effects sometimes can be
positive (a verge can function as a corridor for some
species), most effects are harmful and affect local
people and the fauna. The question arises in which
way these harmful effects can be reduced, without
affecting accessibility. The impact of the harmful effects
is related to the traffic volumes and the technical layout
of the road and its verges. Moreover the structure of
the road network plays an important role in the impact
of harmful effects.
While a reduction of a harmful effect on one road
link may cause new problems or enlarge existing
problems on another neighboring road link one has
to develop a comprehensive network approach on
a regional scale. Therefore often several variants of
road networks can be developed. These variants differ
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in suitability for higher volumes and speeds. In this
broad range of variants on one end very diffuse
traffic flows are spread completely over the whole
road network. On the other end traffic flows are
concentrated at a few trunk roads. All these variants
have got a different impact.
To find a balance between maximizing good ac
cessibility and minimizing traffic disadvantages (espe
cially environmental disadvantages) one needs a good
overview of all possible effects for alternative variants
of a rural road nefwork. For this purpose Jaarsma and
Kessels (1999) have developed the GIS-model ITEM.
In this particular paper we will question if this model
can be used as a helpful tool for road management
especially with regards to environmental effects, like
habitat fragmentation for the fauna, traffic emissions,
noise disturbance, and fuel consumption.
In the next section we will give a brief introduc
tion about general problems of minor rural roads. In
section three we will discuss the concept of traffic
calming. In the fourth section the GIS model ITEM will
be discussed which can visualize different results of
environmental effects for several variants. In section
five the GIS model will be demonstrated with an ex
ample of a region, where the ITEM has been applied.
The paper finishes with conclusions.

PROBLEMS OF MINOR RURAL ROADS (MRRS)

Many industrialized countries have a dense network of
paved rural roads, which is intensively used by motor
ized traffic. The rural road network in the Netherlands
can be distinguished into three categories: motorways
(2200 km; dual carriageways with limited access), rural
highways (7400 km; two lanes, with limited access) for
other road-users (for instance prohibited for bicycles)
and minor rural roads, MRRs (48,700 km; mostly one
lane, unlimited access for all modes). Each category
has its own function and specific fechnical layout. Re
lated to this paper two types of problems of the rural
road network appear: habitat fragmentation, and a low
level of traffic safety.
Fig. 1 illustrates three adverse effects of roads and
their traffic on species. Firstly the traffic on the road
causes disturbance by noise, emissions and visual
impacts. This decreases the quality of the habitat
alongside the road. Secondly the road itself may act
as a barrier. When the barrier is absolute, the original
habitat is divided into two smaller parts by the road.
Thirdly if animals can cross the road, they may get
killed during the crossing of the road. Van der Fluit et
al. (1990) call this the barrier effect of traffic.
Traditionally, research on habitat fragmentation for
the fauna focuses on motorways. The heavy flows and
broad construction of this type of roads can explain
this. Flowever it is evident that an animal, that crosses

biotic and
abiotic effects
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V
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o

Road kill
Roadside habitat

Fig. 1. Relationships between roads and their environment (Bennett,
1991).

the countryside will find much more MRRs than mo
torways on its way. Looking at their presence all over
the rural area in combination with often considerable
traffic flows, MRRs are a serious problem for a lot of
species, especially smaller mammals and amphibians
(Derckx, 1995; Van Apeldoorn and Kalkhoven, 1991).
Moreover according Forman and Alexander (1998) the
impact of acute disturbance by individual vehicles
periodically passing on roads with little traffic (like
MRRs) might be bigger than the impact of chronic dis
turbance along busy roads.
Traffic safety differs considerably between the three
categories of road networks. Accident risks per kilo
metre on MRRs are a tenfold of those on motorways.
Accident risks on rural highways are in between. The
policy of the Dutch national government is to reduce
the amount of traffic kills with 50% in 2010 compared
to 1986 (Wegman, 1997). To achieve this goal, several
traffic measures are necessary.
Tradifionally, the assignment of road functions and
the resulting technical lay-out are implicitly based on
appearing or planned traffic flows. In practice, this fre
quently requires relatively high technical standards for
minor rural roads. As a result, diffuse flows of through
traffic are spread all over the rural area. Fig. 2(A) il
lustrates this phenomenon. Through traffic on local
access roads may conflict with local bound traffic,
including slow vehicles, such as bicycles and agri
cultural vehicles. Because of the high risk of traffic
accidents on MRRs, it is better to concentrate traffic
flows on a limited number of roads with a more suit
able design. To achieve this, roads with a function for
through flows are upgraded, if their present layout is
insufficient. This means adjustment to higher volumes
and/or speeds by, for example, road widening or con
struction of bicycle paths. The other way around is
also possible. If a road with only a local access func
tion is too well equipped for its function, this may
lead to unwanted use. To avoid this one can decide to
downgrade the road, for example by road narrowing
or removing junctions. Fig. 2(B) shows the traffic flows
after such a combination of upgrading (the rural high
ways around the region) and downgrading (the MRRs
within the region).
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Fig. 2. Average annual daily traffic (AADT) in the Ooststellingwerf area in (A) autonomous and (B) planned situation (TCRA) (Jaarsma
et al., 1995).

To avoid rat-run traffic and causing new traffic
problems at other places, one has to look at a regional
scale to the complete road network. The concept of
"Traffic Calmed Rural Area" (TCRA) seems suitable
for this purpose (Jaarsma and Van Langevelde, 1997).

THE CONCEPT OF THE ‘TRAFFIC CALMED RURAL
AREA’ (TCRA)

The concept of TCRA has been developed to improve
traffic safety. Traffic calming refers to the adaptation
of existing road layouts in urban areas in order to
reduce the speed of vehicles travelling through areas
where they are likely to come into conflict with other
road users (Macpherson, 1993). The concept of the
TCRA transfers these ideas from built-up areas to the
rural area (Jaarsma, 1997). The underlying idea is a
clear separation between space for living and staying
(for inhabitants and recreationists, but also for local
fauna) and space for traffic flows (Jaarsma and Van
Langevelde, 1997).
This concept uses the principles of "sustainable
safety," a road traffic system adapted to the limitations
of human capacity. A proper road design and properly
educated, informed and controlled road users must
contribute to these principles (Wegman, 1997).
The TCRA-concept tries to regulate traffic flows in
stead of to follow them. The region will be surrounded
and be accessible by rural highways with a flow func
tion for through traffic, on which traffic flows will be
concentrated (as in Fig. 2). Within the region roads will
mainly have an access function for rural bound traf
fic, with a belonging modest technical layout. In this
way one wants to achieve lower traffic flows and lower
speeds on these roads and create a kind of rural resi
dential area within the region (Jaarsma, 1997). This will
increase traffic safety.
The concept however has got much more impacts
than at traffic safety alone. It also affects the accessi
bility of the region, habitat fragmentation and other
environmental effects. To be able to choose the best

variant of the road network all these (environmental)
effects have to be known.

THE “INTEGRAL TRAFFIC EFFECT MODEL” (ITEM)

To evaluate all possible effects of different variants
of a road network the "Integral Traffic Effect Model"
(ITEM) has been developed. In this paper we will
only focus on the impact of environmental effects
(noise pollution, fuel consumption, traffic emissions
and habitat fragmentation). However with this model
also other effects can be calculated like the capacity of
the road, related to the actual traffic volume, accessi
bility and traffic safety.
Explanation of the model in general

With the ITEM physical relationships between traffic
volumes and speeds of rural traffic flows and their en
vironmental impacts are visualized with a GIS for each
link in a regional road network. By adding all these
particular links one can obtain the total environmen
tal impacts at a regional scale. This provides a tool to
compare different variants by repeating this process
for alternative road network solutions.
The ITEM — model can be divided into three
parts. In the first part of the model the input of the
network variants takes place. Input data, such as traffic
volumes, road widths and prohibition orders have to
be known for each variant. Moreover the road sections
in the present situation or autonomous development
have to be present in a digitized version. Either the
present situation or the autonomous development can
be used as reference for a comparison of the different
variants (Jaarsma and Kessels, 1999). The second part
of the model consists of the calculations of the effects
for each variant. Based on the input data and by users
specified variables different effects can be measured,
like environmental effects. In the final part the results
of the calculations can be presented, either in a map or
in a table. The results can be presented for one specific
variant, but one can also make a comparison with the
present situation or the autonomous development.
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Explanation of calculation-methods of environmental
effects

The calculation of environmental effects of different
variants of a road network in ITEM is based on several
formulae. In this section we briefly discuss the cal
culation of these environmental effects. Kessels (1998)
gives a more extended description and formulae. Sec
tion 4.3 gives an overview of the effects and their
explaining variables.
Noise pollution
Traffic flows inevitable produce noise. Depending on
the nearness of noise-sensitive functions and objects
problems will arouse. By changing traffic flows the
impact of the noise pollution can change. This impact
depends on:
1. the noise emission by motor vehicles, depending
on engine characteristics, traffic volume, speed and
composition by mode (cars, trucks and motorbikes);
2. the interaction between tire and road, depending on
road surface material (brick paved roads cause more
noise than asphalt);
3. the transfer of noise between road and observation
point, depending on sound reduction (by soil and
air) and reflecting objects (walls, screens and/or
buildings close to the road).
The Dutch Traffic Pollution Law distinguishes two
critical noise levels. In especially designated silence ar
eas no noise levels above 35 or 40 dB(A) may occur.
In attention areas (situated around noise distributors,
like roads) special attention is given to noise sensitive
buildings (like houses, college-buildings and hospi
tals). Finally outside these zones there is the "normal"
noise level, which may not exceed 50 dB(A).
Calculations of the noise effects of different traffic
flows are based on a standard method, introduced by
the Dutch Ministry of Public Health and Environment.
By taking into account the traffic characteristics, road
characteristics and the transfer of noise (mentioned
above) the noise-load contour (40 or 50 dB(A)) can be
determined in an iteration process. The final results can
be presented in a map with the noise load contour or in
a table with the total acreage of the noise load contour
(Jaarsma and Kessels, 1999).
Fuel consumption and traffic emissions
Change of traffic flows and speed limits changes
fuel consumption and traffic emissions, like CO 2 , CO,
CvH,„ and NO, . These emissions contribute to acidifi
cation (NO_v), global warming (CO2 ) or can be harmful
for the public health (CO, C.vHy). While traffic emis
sions are strongly related to the fuel consumption both
calculation methods are discussed together.
The traffic speed and the road-dynamic (amount
of (un)disturbed driving conditions by more or less
de- and accelerating of vehicles) are the most impor
tant determinants for fuel consumption (Kessels, 1998).
Road-dynamic will be lower on roads with constant

speeds, which mostly occurs on major roads. This
seems not the case for minor rural roads. According
to Forster (1980) an average speed of approximately
80 km/h would be the optimal speed in terms of
fuel consumption. The fuel consumption and the roaddynamic together with the traffic volumes form the
input of the model, which calculates the fuel consump
tion and traffic emissions.
The calculation method of fuel consumption and
traffic emissions of cars and trucks is based on the
Versit-model developed by TNO (Van Helden, 1995).
With some system parameters (like vehicle weight and
several kinds of resistance) the model can calculate
the driving energy for each road link. Next, the model
calculates the fuel consumption (M Jkm“ ^) and the
emissions of CO, NO,,, and C,H,, (g km“ ^). Finally, the
total fuel consumption and emissions on a road link
can be calculated by multiplying fuel consumption and
emission of one car/truck with traffic volumes and the
length of the road link.
While fuel consumption varies according the fuel
type, the fuel consumption for the whole region can
not automatically be obtained. For this reason the fuel
consumption has to be converted into the energyconsumption with the fuel-density.
Habitat fraginentation for the fauna
To calculate habitat fragmentation by the road and
its traffic different methods can be used. Jaarsma
and Willems (2000) discuss some methods taking the
road as starting point (road-density, mesh-size and
continuous landscape unit sizes). Here we will discuss
three methods, which are more suitable for GIS. This
type of methods takes the traffic as point of view for
looking at the issue.
1. Traffic performance (expressed in vehicle kilometres
a day, vhkm day“ *). This is simply a product of the
length of a road link with the traffic volumes. This
method can be improved by making a distinction
between the three categories of roads (motorways,
rural highways and MRRs). A further improvement
would be to take into account the relevance of a
road (only roads above certain A ADT, and /or roads
crossing ecological corridors).
2. Traversability of a road. This can be calculated
with the crossing formula, which calculates the
prcrbability of successful road crossing for a species.
The crossing formula is based on pedestrian traffic.
It assumes that a road crossing of an animal will be
successful if an "acceptable" gap in the traffic flow
appears at the start of the crossing (Van Langevelde
and Jaarsma, 1997). With this formula one can
calculate the crossing risk of roads and traffic for
animals and their mortality-effect. The chance of a
successful crossing depends on the characteristics
of the species, the road and its traffic. According
the size and speed of the animal and the width of
the road one can calculate the crossing-time. Next,
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the N277 and the northern boundary is the N270, both
national rural highways.
The Provincial Mobility Plan of Limburg aims at a
concentration of diffuse traffic flows on trunk roads
(motorways and rural highways). For this purpose
two network variants are developed (see Fig. 4). For
both variants, the intended function of each road link
is specified. To achieve a concentration of motorised
traffic on the bounding trunk roads, within the study
area speed reducing measures are taken (from 80 to
60 or sometimes even 40 km h“ ^), depending on the
road function. Variant 1 is primarily based on safety
concerns and aims for a nearly total concentration
of flows on trunk roads. Variant 2 allows for flows
on a limited number of MRRs within the study area,
connecting villages and hamlets with the trunk roads.
As a result of this concentration, not only traffic
volumes but also environmental effects will change.
The ITEM identifies these "new" effects. By comparing
the results of each variant, the user can make a proper
selection out of the variants. Table 2 and the Figs. 5-8 in
paragraph 5.2, adapted from Jaarsma and Hoogeveen
(1999), present the overall results. Table 2 shows the
calculated relative impacts for the variants 1 and 2
in relation to the present situation. The Figs. 6-8
present for one or both variants the relative alteration
of an environmental impact, in respect to the present
situation. An alteration of -f-60% (class +50—hl00%)
means an increase of this particular environmental
effect on that specific road link with 60% compared to
the present situation.

with the (Poison-distributed) traffic flow one can
calculate the chance of a successful crossing of a
roadlane. This leads automatically to the chance of
a roadkill by a car accident. Once you multiply this
with the amount of crossings for the road section
the amount of roadkills can be calculated. To be able
to make a comparison and judge different variants
finally one can calculate the relatively change of the
traversability. Only looking at roads above a certain
AADT, and/or crossings with ecological corridors
can refine this method.
3. Noise-load contour. In this method zones are de
termined with a noise load above the critical value
(40-50 dB(A)). After concentrating traffic on main
roads the size of these zones will decrease in terms
of percentages. Calculations of this noise-load con
tour are already discussed before.
An overview of the environmental effects and their
determinants

In Table 1 we present an overview of the environ
mental effects discussed in the previous sections. We
make a distinction between determinants related to
traffic and related to the road itself. Traffic determi
nants are volume, speed and composition by mode
(cars, trucks or motorbikes). Road determinants can be
distinguished by the road network category (motor
way, rural highway or MRR), the pavement width and
the surface (bricks, asphalt, concrete).
Traffic volume is a determinant for all environmen
tal effects. In planned situations volumes per road link
will adjust by applying measurements. Because this
can have big environmental effects, the impacts of traf
fic regulation have to be considered in advance. ITEM
is developed for this purpose.

RESULTS

In the planned situations the speeds on several roads
within the region are reduced (Fig. 4). This changes
traffic flows, because drivers try to avoid roads with
lower speed limits. In this way people are forced to
use surrounding trunk roads, where traffic flows will
concentrate. This increases traffic performance with
8.1% in variant 1 and with 6.9% in variant 2. This also
leads to several environmental effects, which will be
discussed below.

ITEM: AN APPLICATION IN NOORD-LIMBURG WEST
Introduction

To demonstrate ITEM we discuss the example of
a region situated in the northern part of Limburg,
a southern province of the Netherlands (see Eig. 3).
Its acreage is about 180 km^. It consists of three
municipalities (Horst, Sevenum, and Venray), with
approximately 65,000 inhabitants. The study area is
bounded on the east by the A73 and on the south by
the A67, both motorways. The western boundary is

Noise pollution
The new calculated noise load contours of 40 and
50 dB(A) do not show big differences between both

Table 1. Environmental aspects and their determinants
Traffic related
Speed
Volume
Noise pollution
Fuel consumption and traffic emissions
Traversability

X
X
X

X
X

Composition
X
X

Related to the road
Category
Width

Surface
X
X

X
X
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Fig. 3. The study area Noord-Limburg West (Jaarsma and Hoogeveen, 1999).

PRESENT SITUATION

VARIANT 1

VARIANT 2

Fig. 4. The differences in road category between the present situation and v'ariant 1 and 2 (Jaarsma and Kessels, 1999).
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Table 2. Relative impacts in relation to the present situation for the variants 1 and 2 — an overview

Vehicle kilometrage
Noise load
>40 dB(A)
>50 dB(A)
Fuel consumption

Emission
CO
C,vH„
NO.V
Traversability for the fauna“
roe deer
badger
toad

Present situation

Variant 1

Variant 2

100
(454 X 10'^ vhkmday~^)

108.1

106.9

100 (1.58 km^)
100 (0.49 km^)
100
(6.431 X 10^ M Jd a y -’ )

98.7
99.0
106.6

97.6
97.9
104.8

100 (272 kg day-1)
100 (83 kg day-1)
100 (769 kg day-1)

110.5
109.0
107.6

107.1
106.2
105.4

lOOl’
100
100

78.9
78.8
80.8

82.0
81.9
76.7

“Expressed by the change of a roadkill within the traffic calmed rural area, excluding through traffic on the surrounding rural highways and
motorways.
“For traversability only relative numbers are avaUabe.

■ ■

road network
> 50 dB(A)

SISliij > 40 dB(A)

variants. For this reason only variant 1 will be shown
(see Fig. 5). From Table 2 we conclude the impact on
noise pollution of new speed limits and resulting new
traffic flows is in variant 1 less extended than in vari
ant 2. Compared to the present situation, especially
in the central part of the study area (mainly access
roads) zones with high noise levels decrease substan
tially, while it just slightly increases at the border of
the study area (trunk roads). This can be explained as
follows. The width of a zone hardly increases when al
ready present high volumes further increase, which is
the case on trunk roads. When, on the contrary, lower
volumes on access roads drastically reduce by the con
centration of flows on the trunk roads, a considerable
reduction of the zone appears. Therefore, a concentra
tion of traffic flows is advisable.

Fuel consumption
Fig. 6 illustrates the alteration of the fuel consumption
of both variants compared with the present situation
for each road section. In variant 2 this consumption is
lower than in variant 1. This can be explained by the
proposed speed limits. In both variants the speed limit
on the minor rural roads is reduced. In variant 1 the
reduction is more extended (from 80 to 40 km h~^) than
in variant 2 (from 80 to 60 or 40 km h~^), see also Fig. 4.
Because of this the increase of the fuel consumption in
variant 2 is lower than in variant 1, see also Table 2. For
this aspect visualisation of the alteration on the level of
a road section is not necessary. It is more interesting to
see the overall results of the alteration within the whole
region, as presented in Table 2.
Traffic emissions
The increase in fuel consumption of a motor vehicle,
caused by lower speed limits, induces higher CO
and C.vHy emissions and lower NO.v emissions. From
Table 2 it can be concluded that for the total emissions
also NO.t emissions increase in both variants. This
can be explained by the increase in the total travelled
distance. This compensates the originally decrease
of the NOx-emission of one vehicle due to lower
speeds. Nevertheless almost half of the NO.v-emissions
are produced by heavy traffic and NO^-emissions
occur more easily with high speeds, as on motorways.
So, demonstration of this emission is not particular
appropriate for this study area with mostly MRRs.
Only with high traffic volumes problems can be
expected for the air pollution. Based on the European
Pollution Norm, a critical volume occurs for CO at
12,000 vehicles a day. For C.vHy problems will already
occur with a traffic volume of 5000 vehicles a day. For
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variant 1

variant 2

^
>

X

—
----.....
-— ------—

-50% to -100%
-10% to -50%
-10% to -10%
+10%to +50%
+50% to +100%
>+100%

Fig. 6. Relative alteration of fuel consumption in variant 1 and 2 in respect to present situation.

variant 1

variant 2

-50%
-10%
-10%
-H0%

to
to
to
to

-100%
-50%
-10%
+ 50%

■^50%to +100%
>+100%

Fig. 7. Relative alteration of C.vHy emission of variant 1 and 2 in respect to present situation.

variant 1

variant 2

Fig. 8. Relative alteration in traversability for the roe deer in variant 1 and 2 in respect to present situation.
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this reason in Fig. 7 the alteration in C,rHiy-emission is
presented for both variants. Besides this figure doesn't
differ much from the alteration in CO-emissions for the
region, although the CO-emission in absolute numbers
is higher.
Visualisation on the level of a road section is more
interesting for the alteration of emissions than for the
fuel consumption. This is especially the case when
sensitive functions are present in the area.
Habitat fragmentation for the fauna
For the effects on habitat fragmentation three calcula
tion methods were discussed in Section 4.2. Here we
will mainly focus on the results for fhe traversability.
The increase in vehicle kilometrage in both variants
does not necessarily lead to new habitat fragmenta
tion problems. Traffic flows will concentrate on the
edge of the study area. So, within the region more
quiet areas will occur. (This was also the conclusion af
ter analysing the new noise load contours.) For some
smaller species this can be very positive, because their
relatively small habitat maybe can be extended.
In this application traversability is expressed by the
alteration in the chance of road kills for three different
species: the toad (Bufo biifo), the badger {Meles meles)
and the roe deer (Capreolus capreolus). It is not possible
(yet) to take into account in ITEM mitigating measures,
such as fences, which will be erected around motor
ways. We therefore in Table 2 present the traversability
data for the traffic calmed rural area only. One can con
clude that here the traversability shows a considerable
increase. Differences between both variants are small.
An increasing traversability means a decreasing
number of road kills. This is illustrated in Fig. 8 for
the roe deer. For the traversability a presentation of the
alteration of traversability on the level of a single road
section is relevant due to occurring species and nature
areas or corridors.
An overview of the environmental impacts

The case study shows an increase of the emissions and
energy consumption, mostly caused by the increase
in travel distance and kilometers. Looking within
the traffic calmed region, traversability increases evi
dently. The slight decrease in the overall noise pollu
tion in both variants is another positive environmental
effect. These conclusions hold for a regional scale. The
effects on the level of a single road link sometimes can
be contrary.

DISCUSSION AND FINAL CONCLUSIONS

While maximising accessibility often also involves an
increase of negative environmental impacts by roads
and its traffic it is necessary to find a good balance
between the accessibility and environmental sustain
ability. In order to make proper management decisions
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for roads a comparison of all possible effects of differ
ent variants of a road network is required. In this paper
we demonstrated ITEM can be a useful tool to visualise
several environmental effects for alternative road net
works, despite it is still in development.
The impacts for both variants in the case study
presented in this paper only show slight differences.
This is an important conclusion, because of the big
differences in accessibility between both variants. It is
possible to serve the environment in the study area,
without disadvantaging accessibility too much.
Concluding, concentration of diffuse rural traffic
flows on trunk roads to improve safety has got several
environmental effects. Some of these effects contribute
to a better environment, but there are also harming
effects. ITEM visualises these effects on both a regional
scale and on the level of a single road link. This
facilitates a deeper understanding of the effects and
so a better process of decision making in rights-of-way
planning and management for rural road networks.
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Innovative Airborne Inventory and Inspection
Technology for Electric Power Line Condition
Assessments and Defect Reporting
Mark Ostendorp

A cost-effective and innovative airborne inventory and inspection patrol system for distributed
assets such as transmission lines, pipelines, and roadways has been developed and evaluated.
Results show that aerial high-resolution digital visual and spectral images tagged by Global
Positioning Satellite (GPS) coordinates can be successfully used to cost-effectively identify the
majority of conditions/defects on electric power lines. Experiments show that the condition and
defect detection rate of the airborne inventory and inspection system is significantly higher than
rates derived from traditional aerial patrols and comparable to values achieved from driving
pafrols. Geographic Information Systems (GIS) based mapping tools can be used to quickly and
efficiently interpret digital images collected from aerial platforms. Digital images provide an
archival record of the condition of the distributed assets to estimate the long-term performance of
the assets and to define cost-effective maintenance and replacement schedules.
Keyimrds: Aerial patrol, inventory, inspection, condition, defect, assessment, GPS, GIS, digital
images, digital video

INTRODUCTION

Traditionally, electric utilities use a combination of aer
ial patrol, walking/driving line patrol, climbing or
bucket truck inspection, and detailed aerial inspection
to inspect their assets at regular intervals. In the past,
high-speed aerial patrols have shown to be ineffec
tive in detecting all but the larger line defects, such
as right-of-way-encroachments and breakage of ma
jor components. While the high speed (100-160 km/h)
at which these aerial patrols are conducted results
in a relatively low per mile cost, it also makes the
recognition of smaller conditions extremely difficult or
impossible. Contrary to the traditional high speed aer
ial patrols, detailed aerial patrols from rotary winged
airframes at low speeds (2-15 km/h) are effective in
detecting a noticeable number of line defects but may
be cost prohibitive in most remote areas. Based on ex
periments performed by the Electric Power Research
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Institute [Stewart et al., 1995(a,b)] on a number of
electric power lines, either of the traditional airborne
inspection methods, when normalized with respect to
the cost, resulted in comparable ratios of cost per con
dition/ defect.
Recent advances in digital video and still image
technology coupled with new developments in high
speed, high-resolution, visual geographic imagery, and
photogrammetry, make it now possible to conduct
Computer Aided Mass Surveying (CAMS) of distrib
uted installations such as transmission lines, pipe lines,
and road ways in remote areas. Additionally, recent
improvements to Global Positioning Systems (GPS)
and Inertial Navigation Systems (INS) allow images to
be tagged with accurate location and camera angle in
formation.
Each frame of the digital images and videos can
be tagged using corrected values from the airframe's
Differentially Corrected Global Positioning System
(DGPS). Based on the capability and accuracy of the
on board system, images and individual video frames
can be spatially located without requiring the collected
data to be post-processed or spatially corrected. Con
sequently, distributed assets such as transmission lines
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are mapped while high-resolution digital images are
collected for subsequent in-office evaluation and inter
pretation [Ostendorp et al., 1998 and 1999(b)].
The integration of high-resolution, digital imagery
from an aerial patrol in the utility's inventory and
inspection process, as suggested in this paper, com
bines the advantages of the traditional fast fly-by aerial
inspection patrols with the advantages of the more
labor-intensive walking/driving inspections or more
costly detailed aerial patrols. The use of DGPS tagged
high-resolution digital images provides an inspection
process with a condition/defect detection rate similar
to the rate achieved by traditional walking/driving or
detailed aerial patrols at a significant reduction in cost.
Based on comparisons [Stewart et al., 1995(a,b)j de
veloped for electric power lines located in the United
States, the airborne patrol method presented in this
paper is ~40-60% less expensive than the detailed
aerial patrol commonly used for electric power line
inspections. Similarly, experiments performed in the
United States comparisons [Stewart et al., 1995(a,b)j
show that the aerial patrol method presented in the
paper is ~30-50% less expensive than the traditional
walking/driving inspection.
It should be noted that the cost reductions presented
in this paper assume that the transmission lines are lo
cated on the North American Continent, that the elec
tric power lines mostly traverse rural/remote terrain
rather than metropolitan areas, and that incidental cost
for materials and labor are comparable to United States
standards. Significantly lower labor rates are likely to
reduce the cost difference between the presented air
borne patrol method and traditional walking/driving
inspections. However, the relative cost difference be
tween detailed aerial inspections and the presented
method remains unaffected by different cost for ma
terials and labor.

BACKGROUND

Traditionally, high-speed aerial transmission line in
spections have been conducted by either fixed or rotor
winged airframes staffed by a team of three people,
the pilot, the inspector, and the recorder. The effec
tiveness of these inspections in determining damage
conditions and defects has generally been rated low
[Stewart et al., 1995(a,b)j. Consequently, high-speed
aerial patrols have typically only been used to iden
tify the most visible (i.e., of sufficient size and severity)
conditions on transmission lines.
Recognizing the advantages and disadvantages as
sociated with the traditionally used fast fly-by and
detailed aerial inspection methods, EPRI [Ostendorp,
1999(a) and 2000] members promoted the develop
ment of a more cost-effective (i.e., based on cost per
condition/defect) airborne inspection method for the
inventory and inspection of electric power lines. It was

anticipated that the development of an improved aer
ial inspection system would lower the overall cost of
the inspection, improve the quality of the data col
lected, and facilitate the 'just-in-time' replacement of
components to optimize the cost of preventive main
tenance. Based on this premise, EPRI developed and
evaluated the airborne inventory and inspection sys
tem presented in this paper.

OBJECTIVES

The objectives of the project were to identify, develop,
and evaluate an airborne inventory and inspection sys
tem capable of acquiring DGPS tagged high-resolution
digital images. More specifically, the objectives were:
- To develop an airborne inventory and inspection
system capable of acquiring DGPS tagged digital
visual and spectral high-resolution still images at
high speeds and low altitude.
- To develop an airborne inventory and inspection
system capable of acquiring DGPS tagged digital
visual and spectral videos at high speeds and low
altitude.
- To identify and evaluate currently available GIS
based image processing and manipulation tools to
cost-effectively interpret high-resolution digital im
ages and video from high-speed aerial patrols to
perform an In-Office Inspection.
- To identify and evaluate the digital visual and spec
tral image resolution required for the correct recog
nition and assessment of standard transmission line
components and associated conditions and/or de
fects.

AIRBORNE INVENTORY & INSPECTION SYSTEM

The airborne system constitutes an aerial platform that
is used to acquire high-speed, high-resolution digital
video and still images (both, visual and spectral bands)
at speeds ranging from 80 to 160 km/h (depending on
terrain altitude). Digital images are typically obtained
in low level flight at altitudes ranging from 10 to 60 m
above the ground (at ~1.5-5 m above the asset to be
inspected).
The aerial platform typically used for the acquisi
tion of the digital images is a highly modified fixed
wing aircraft with an exceptionally low stall speed and
a reasonably high top end performance. The digital im
age acquisition system can also be fitted for helicopter
operation with a significantly higher operating cost rel
ative to the fixed wing alternative. Fig. 1(a) shows the
aerial patrol plane in mid-flight of an ongoing inspec
tion above a lattice tower transmission line. Fig. 1(b)
shows a close up of the fixed wing aircraft, the hous
ing for the forward and rearward looking digital video
cameras, and the housing for the rearward-looking
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Fig. 1. (a) Aerial patrol platform and digital image and video
acquisition equipment, (b) Aerial patrol platform and digital image
and video acquisition equipment.

high resolution digital still cameras, identified as the
dark colored housing located at the center of the wings
aft of the wheel struts.
The aerial patrol plane is equipped with a differ
entially corrected GPS unit that continuously refer
ences to at least 7 different satellite signals and radio
beacons. Coupled with a proximity sensor based au
tomatic trigger, the plane's data acquisition system
records the DGPS coordinates of each structure while
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providing a time stamp for the fully automafed digital
image acquisition.
Based on experiments at the EPRl test facility (on
full scale tesf lines), the accuracy of the DGPS coor
dinates collected by the plane's navigation and radar
based proximity sensor systems is plus or minus 1.5 m
for three standard deviations. Essentially, GPS coor
dinate corrections are performed real-time by the on
board computer system that also controls the image
acquisition and data storage.
The image acquisition module can be equipped
with multiple digital still picture and video cameras
to provide forward and rearward looking views as
well as a straight down view of fhe fransmission line
corridor. Each digifal sfill and video image is tagged
with DGPS coordinates and the viewing angles of the
appropriate camera by the on-board computer control
system.
Acquisition of the digital images (the timing of the
picture acquisition of each camera) has been auto
mated to allow the on-board computer to trigger the
high-resolution digital still and video cameras based
on the current DGPS coordinate, the speed above
ground, and the altitude above the transmission line.
Acquired images are DGPS tagged and stored by the
dn-board computer. Digital images are then trans
ferred fo digifal tapes or disks upon completion of the
aerial patrol.
Up-to-date digital visual and spectral images pro
vided by the aerial patrol are processed and sorted
with respect to the viewing coordinates and angles
of each of the images. The digital images are trans
ferred fo digital tapes or disks for review at the office
upon completion of the aerial patrol. Digital images
and video are not reviewed during the patrol because
of the extremely large size of each image and to allow
the plane to be operated autonomously with a single
pilot.
All images are transferred to the utility's computer
after the conclusion of the airborne patrol. Digital im
ages are then viewed and interpreted by the inspector
at the office to identify any conditions/defects that
may adversely affect the performance of fhe asset cur
rently being inspected. Conditions/defects are then
recorded for immediafe or future action in the com
pany's work management system.

SYSTEM APPLICATION AND FIELD EXPERIENCES

Pield evaluations were performed on different trans
mission lines to assess the reliability of the aerial inven
tory and inspection system. Pive different transmission
lines were included in the proof-of-concept field eval
uations. These lines were a 69 kV, double circuit, wood
pole line, a 230 kV, single circuit, wood H-frame line,
a 345 kV, single circuit, lattice tower line, a 345 kV,
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Fig. 2. (a) Aerial inspection — 69 kV wood pole (double circuit),
(b) Close up — 69 kV wood pole (double circuit).

double circuit, lattice tower line, and a 345 kV wood
H-frame transmission line.
The 69 kV line inspected was in excess of 32 km in
length and was located within a mountainous region
of the Western United States. The 230 kV line segment
used in the evaluation is approximately 1.6 km in
length and is located in the plains region of the
Southwestern United States. The 345 kV single circuit

Fig. 3. (a) Aerial inspection — 230 kV H-frame (single circuit),
(b) Close up — 230 kV H-frame (single circuit).
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(b)
Fig. 4. (a) Aerial inspection — 345 kV lattice (single circuit), (b) Close
up — 345 kV lattice (single circuit).

line is approximately 3.2 km in length and is also
located in the plains region of the Southwestern United
States. The 345 kV double circuit line is in excess of
50 km in length and is also located in the Southwestern
United States. Finally, the 345 kV single circuit line
constitutes a test line of less than 4 km in length that is
located at a testing center in the Southwestern United
States.
Typical suspension structures present on each of the
four transmission lines are shown in Figs. 2-5, respec
tively. Images of each of the structures shown were
collected at speeds ranging from 125 to 150 km/h
above ground, recorded with medium resolution dig
ital cameras (1550 by 1280 pixels). High resolution
digital images were also recorded (>3000 by 2000 pix
els) and are included as Fig. 6(a) and 6(b).
Fig. 2(a) shows an overall view of the suspension
structure. Fig. 2(b) shows a close-up of the top cross

Fig. 5. (a) Aerial inspection — 345 kV lattice (double circuit),
(b) Close up — 345 kV lattice (double circuit).

arm to pole cormection and the upper left insulator as
sembly. Clearly, based on the image shown in Fig. 2(b),
the presence of individual bolts can be confirmed and
the condition of each item can be assessed from the
close-up view of the cormection. At the same time, the
image in Fig. 2(b) shows that each individual ceramic
insulator bell can be identified in its entirety to identify
any units that may be broken or chipped. However, it
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Fig. 6. (a) Aerial inspection & close up — 343 kV H-frame (test line),
(b) Aerial inspection & close up — 345 kV H-frame (test line).

should be noted that proper illumination of the shaded
areas is required to collect the highest quality images.
As a result, strobe lights were added to the patrol plane
to provide synchronized illumination of shaded areas,
provide a pafrol process independent of the position of
the sun and the angle with the structure.

Fig. 3(a) shows an overall view of the single cir
cuit 230 kV wood H-frame suspension structure and
Fig. 3(b) shows a close-up of the insulator string on
the right side of the structure. The length of the insu
lator string on the 230 kV structure is approximately
2.25 m. In Fig. 3(a), one can identify that the ground
wire and conductor cross-arm each consist of two sawn
lumber sections and that the conductor cross-arm has
been spliced on the right side of the center phase insu
lator attachment point.
Fig. 3(b) shows a close-up of the right outside phase
insulator assembly. Based on the image, one can con
clude that none of the ceramic insulators are signifi
cantly broken or chipped (otherwise they would show
as a missing unit or as discoloration not matching the
coloration of the other units). Similarly, one can con
clude that the damper is present and not fatigued (the
ends are not drooping). Again, the need for better il
lumination is apparent since the illumination of the
insulators by the sun does not guarantee the highest
quality of image. Also, to maximize the time spend in
the air it is imperative to provide sufficient illumina
tion of each asset regardless of location or height of sun
above the horizon. Again, the addition of high pow
ered strobe lights to the patrol plane eliminated the
problem by providing a sufficient amount of illumina
tion regardless of the time of day and position of the
sun.
Fig. 4(a) shows an overall view of the 345 kV single
circuit, lattice tower structure and Fig. 4(b) shows a
close-up of the cross-arm insulator attachment point of
the left conductor phase. Based on the image shown
in Fig. 4(b), the inspection clearly reveals the presence
of a broken insulator unit on the string. Furthermore,
the close-up of the structure in Fig 4(b) shows that
standard vibration dampers are not used on these
spans of the transmission line at either of the three
phase conductors. Finally, Fig. 4(a) shows that the color
of the v^-string center phase insulators is different than
the color of the outside phase insulators. Based on this
finding it is likely that the outside phase insulators are
of differenf vintage or manufacturer than the center
phase units.
Fig. 5(a) shows an overall view of the 345 kV double
circuit lattice tower supporting a twin conductor bun
dle at each phase of the two circuits. Fig. 5(b) shows
a close-up of the left circuit, upper phase insulator
assembly that supports the twin conductor bundle.
Each of the two images clearly shows that there are
no broken insulators on that phase support assembly.
Fig. 5(b) also shows each of the four standard dampers
on the bundled conductors. Based on the image one
can conclude that the dampers are not fatigued. Fur
ther examinations show no discoloration on the yoke
indicating no corrosion on the insulator caps.
Fig. 6(a) shows an overall view and various closeups of a 345 kV single circuit wood H-frame located
on the test line at the Engineering and Testing Center
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in Haslet, TX. The close up on the ground wire peak
clearly shows the 2.5 cm diameter lag bolt assembly.
Additionally, the image shows that the nut of the lag
bolt assembly has backed off and is in danger of falling
fo the ground. Similarly, a close inspection of Fig. 6(b)
shows that the fifth ceramic insulator counting from
the top of the assembly is severely damaged.

CONCLUSIONS

The aerial inventory and inspection patrol system
described in this paper constitutes a cost-effective
method to collect information on distributed assets
such as transmission lines, oil and gas pipelines, and
roadways. The cost of the automated fixed wing aerial
patrol system is significantly less than the cost of
traditional aerial inspection technologies while the
detection rate of conditions/defects nearly equals the
detection rate achieved by common walking/driving
patrols.
Based on our experiences, the time required to re
view an individual aerial high-resolution image varies
greatly depending on the type of structure, the terrain
the transmission line traverses, and the tool used for
the handling, manipulation, and interpretation. Typi
cally, it takes 1-10 min to interpret each digital image.
Review times were significantly shorter for structures
of small size and number of components. Overall,
review times were equivalent to inspection times ob
served for traditional driving patrols.
Condition or defect detection rates achieved with
high-resolution digital images (>3000 by 2000 pixels)
were comparable to detection rates achieved with tra
ditional driving patrols at a significantly lower cost
per record. Preliminary indications are that the reso
lution of ultra-high resolution digital cameras (>8000
by 6000 pixels) will be sufficient to identify most condi
tions that have a geometric extent of more than 0.5 in.
Ultra-high resolution digital cameras are currently be
ing developed by manufacturers.
In conclusion, low altitude digital image acquisition
provides detailed high-resolution visual and spectral
images at high speeds that are identified by DGPS co
ordinates and viewing angles. Digital images can be
interpreted by qualified personnel at the office using
commercially available GIS software. Comparisons be
tween conditions recorded in previous inspections and
recent inspections can be compared to determine the
rate of change of conditions on the electric power line.
Digital records can be archived to document the con
dition of the asset at specific times for planning, opera
tional issues, and long term performance evaluations.
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Identifying Wetland Revegetation Goals in
Pipeline Construction Rights-of-Way
Bill Magdych

An approach is described to evaluate wetland functions that are affected at pipeline crossings.
Construction of pipeline crossings in wetlands by cut and trench methods results in removal
and/or disturbance of vegetation within portions of pipeline rights-of-way (ROW). These
crossings have received increased permitting scrutiny with an emphasis placed on more costly
mitigation requirements and alternative crossing methods that may not be justified based on the
actual functional effects of a cut-and-trench crossing. Evaluation of wetland functions affected
at a specific crossing should lead to appropriate goals and techniques for wetland revegetation
that would maintain or enhance key wetland functions. In many situations, this evaluation
process will result in identification of a relatively small number of management considerations
for individual crossings or groups of crossings, identification of appropriate revegetation goals,
identification of performance standards to measure attainment of desired goals, and selection of
appropriate revegetation techniques to meet these goals. In some cases, this process may allow
for shifts in biological habitat type within the ROW while still maintaining key wetland functions
in a manner consistent with the wetland revegetation goals.
K ey w o rd s'.

W etland, p erm ittin g , fu n ctions, rev egetatio n , p erfo rm an ce stand ard s

INTRODUCTION

This paper describes a standardized approach that
the natural gas pipeline industry and others can use
to evaluate the effects of cut-and-trench construction
methods used during crossings of wetlands within
pipeline rights-of-way (ROW). This paper also de
scribes how to establish appropriate goals for wetland
revegetation, including use of construction Best Man
agement Practices (BMPs), at specific crossings based
on evaluation of the actual observed effects. The results
of this approach may help the pipeline industry avoid
costly revegetation or alternative construction require
ments that are not justified based on the functional
effects of the cut and trench crossing. This proposed
approach may be very important for projects that cross
many and diverse types of wetlands.
The Federal Energy Regulatory Commission
(FERC), as well as other federal, state, provincial, and
Environmental Concerns in Rights-of-VJay
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
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local agencies, administers regulations and guidance
that set requirements for cut and trench crossings of
wetlands, such as the FERC Wetland and Waterbody
Construction and Mitigation Procedures. In practice,
potential effects on all wetlands crossed by a project,
including effects that are unlikely to occur because of
the nature of the crossing, are often lumped together
during initial environmental review and permitting.
This practice may result in mitigation and revegeta
tion requirements for use on all wetland crossings,
regardless of whether or not the specific requirements
are justified in individual cases. Complex and poten
tially irresolvable issues may also arise as a result of
requirements by multiple agencies that are in conflict
with each other, overly prescriptive in nature, based
on "one-size-fits-all" approaches to regulation, or in
flexible relative to engineering feasibility and cost con
straints (GRI, 1999). These issues may result in permit
and construction delays, and in some cases, multiple
requirements from different agency jurisdictions that
are difficult to track and properly implement. Also, en
vironmental issues that are most relevant at a specific
wetland crossing may be overlooked.
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Fig. 1. Flow chart of the approach to setting and attaining wetland
revegetation goals.

OVERVIEW OF THE APPROACH

The intent of the proposed approach is to determine
wetland revegetation goals for pipeline crossings that
are based on desired preservation, re-establishment,
and/or modification of predisturbance functions of
primary concern for a specific crossing. A more de
tailed description of this approach with examples is
presented in GRI (2000). This overall approach at
tempts to answer two basic questions:
1. What goals for wetland revegetation are appropri
ate at a crossing or group of crossings?
2. Once wetland revegetation goals are selected, how
should they be attained?
The proposed approach to determining wetland
revegetation goals and techniques for a pipeline con
struction ROW consists of three basic steps (Fig. 1):
- Step 1: Functional Evaluation and Goal Setting
- Step 2: Determination of Performance standards and
Selection of Revegetation Practices
- Step 3: Wetland Revegetation Implementation, Mon
itoring, and Maintenance
These steps are consistent with guidance recom
mended by the US Army Corps of Engineers (Corps),
Waterways Experiment Station (WES) (Bill Streever,
personal communication) for determining wetland
mitigation requirements, although experience from the
pipeline industry indicates that this guidance from
WES is not universally applied (GRI, 1999). Each
step of this approach identifies a conceptual decision
process to make required determinations. This ap
proach is intended to incorporate data that is routinely
collected during a pipeline project's impact assessment
phase, and to provide for a thorough evaluation of

project effects in the short and long term. The proposed
approach provides for evaluation of these issues to de
termine which specific requirements are necessary.
Performance standards for wetland revegetation
provide a basis for determining if a wetland revege
tation effort has been successful and usually provide
measures for determining when long-term monitoring
and maintenance can be terminated (Streever, 1999).
This proposed approach stresses identification of eco
logically based performance standards that reflect the
revegetation goals for a project as exactly as possible.
As long as the revegetation goals have been deter
mined to be appropriate and attainable, then it should
not matter how they are met. Therefore, it should be
possible to develop performance standards that clearly
define desired end-points, including reasonable time
periods for meeting revegetation goals, and allow the
use of a variety of available BMPs and revegetation
techniques to meet the overall revegetation goals.
The final step in the proposed approach is to im
plement the revegetation program. This step may
seem obvious; however, it is very important that the
concepts from the previous two steps be carefully
integrated in the wetland revegetation process.
Implementation should consider requirements for
pre-construction, construction, and post-construction
activities, monitoring of activities, and ultimate per
formance, as well as maintenance activities (including
"Plan B" types of options) that may be required to
ensure attainment of performance standards and wet
land revegetation goals.

STEP 1: FUNCTIONAL EVALUATION AND GOAL
SETTING

Punctional evaluation and goal setting is the most im
portant aspect of the proposed approach. This step is
where information on effects will be developed that
should be most useful in building consensus among
potentially interested parties, including pipeline com
panies and regulators. This step will identify the issues
that are most important and that should be dealt with
as part of the wetland revegetation process. This step
should also eliminate inappropriate and/or generic is
sues that tend to get lumped into traditional evaluation
and decision-making processes, even though they do
not really apply to this type of project or at a specific
crossing location. This first step of the proposed ap
proach involves four substeps shown in Eig. 1.
Describe predisturbance wetiand functions

The environmental setting serves as an organizational
basis for describing wetland functions using descriptor
groups for hydrology, geomorphology, climate, biol
ogy, and land use (Table 1). This approach draws upon
the Corps' Hydrogeomorphic (HGM) approach (Brin
son, 1995 and 1996) and the Bureau of Land Manage
ment's (BLM) process for assessing Proper Eunctioning
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Table 1. Primary descriptors used in functional evaluation
and goal setting
Descriptor group

Descriptor class

Hydrology

Water Sources

Seasonal Duration

Geomorphology

HGM Class
Hydraulic Class

Topsoil Type
Subsoil Type

Climate

Temperature Regime

Biology

Vegetation Type

Land Use

Potential for Conflict

Key Processes

Condition (PFC) (BLM, 1993 and 1994); however, the
proposed approach is not as complex as HGM and
does not require use of reference wetlands. The pre
disturbance conditions form the reference points for
this approach. These descriptor groups should cover
most wetland functions that could be affected by a
cut-and-trench pipeline crossing, although additional
descriptors could be added or substituted if deemed
appropriate by an investigator.
Hydrology
The key descriptor classes in this group are Water
Sources and Seasonal Duration. Water Sources create
wetlands, and specific sources are important in eval
uating the potential for a crossing to affect a water
source, which ultimately drives all wetland functions.
Examples of types of water sources are overbank flow,
groundwater, tidal flow, direct rainfall, and surface
runoff. Seasonal Duration describes when wetland hy
drology is present, which may help determine how
construction at a specific time will affect wetland func
tions. Construction during the dry season, for instance,
may result in less disturbance of soil structure and the
wetland processes associated with the soil structure.
Geomorphology
The key descriptor classes in this group are HGM
Class, Topsoil Type, Subsoil Type, and Hydraulic Class.
These classes are aimed at evaluating functions as
sociated with a landform and its stability, and soil
processes that may affect wetland vegetation. HGM
Class (e.g., riverine or depressional) serves as an all
purpose descriptor that most wetland professionals
can use to identify broad processes that may be present
in a given wetland. Knowing that a wetland is asso
ciated with a river, rather than a perched depression,
provides substantial information regarding the poten
tial effects that a crossing may have on the wetland.
Topsoil Type and Subsoil Type are important in eval
uating the potential to affect landform stability, as
well as the potential to affect certain types of veg
etation planned for establishment after construction.
Hydraulic Class includes consideration of water flows,
subsurface flows, and potential for erosion or deposi
tion that may affect the wetland stability in the short or
long term.
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Climate
The key class in this group is the Temperature Regime,
which may affect construction conditions, growing
periods, and potentially the relative importance of
certain functions or processes in a wetland.
Biology
The major classes in this group are Vegetation Type
and Key Processes. Vegetation Type [e.g., Cowardin
et al. (1979) wetland class] serves a similar role as does
HGM Class in that the Vegetation Type can provide a
wetland professional wifh substantial insight into the
biological processes that may occur in a given wet
land. However, Vegetation Type is likely to be based
on a general classification system, and thus, will pro
vide only general information about the wetland. This
approach discourages the sole use of acre-by-acre (or
hectare-by-hectare) accounting methods for determin
ing mitigation requirements and wetland revegetation
goals. Key Processes are expected to provide the pri
mary information that should drive revegetation goals
in most cases. Consideration of the local, regional, and
possibly global relevance of a key biological process,
such as breeding in an area for special management
species, is the primary aspect of this approach that is
recommended for determining wetland revegetation
goals. This type of evaluation may result in many po
tential outcomes such as requirements to re-establish
predisturbance vegetation using rigid specifications,
or to allow substantial changes in vegetation types
within the construction ROW. The intent of this ap
proach is to determine the relevance of the poten
tial change in a key biological process resulting from
the pipeline crossing, and then to determine wetland
revegetation goals that minimize effects on processes
determined to be significant at a specific crossing. As
with all descriptor groups, effects on a certain biologi
cal process may not be significant, and may not result
in a decision to preserve that process in the wetland
following disturbance.
Land use
This descriptor group includes consideration of po
tential effects on wetland revegetation that may re
sult from future land use on, or adjacent to, the
construction ROW. Conflicts with revegetation goals
could arise from either human interference, such as
expansion of agriculture by landowners or increase
in off-road vehicle use, or non-human interference,
such as intense herbivore grazing of plants targeted
for establishment onsite. Land Use is an important
consideration that should be made when determining
revegetation goals to ensure that they can actually be
achieved. It may also be possible to determine that cer
tain vegetation types or habitats can be established to
help ensure that desired future land uses ultimately
develop.
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Identify process risks from pipeline construction

This approach recommends that actions be taken to
compensate for effects on wetland functions that are
at risk, and are determined to be of concern at a
specific crossing. Not all wetland functions exist at a
specific crossing, and no compensatory actions should
be required for functions that are not present, for
functions that are not significant at a crossing, or for
other functions that may be present, but are not at risk.
Specific requirements are often placed in project
permits for BMPs that apply to hydrological and geomorphological processes that may not be at risk at
a specific crossing. For example, impermeable trench
breakers or plugs are often required by the Corps and
FERC at the entry and exit points of wetland cross
ings with the stated purpose to prevent drainage of the
wetland. Most wetlands crossed by pipelines are at the
bottom of depressions relative to pipeline trench entry
and exit slopes; therefore, it is highly unlikely that wa
ter could drain through the trench out of the wetland
in these cases. A more important consideration for con
struction at this type of crossing may be stabilization of
the slopes on each side of the wetland to prevent landform destabilization, control of runoff down the trench
line towards the wetland, and slumping or sedimenta
tion into the wetland. The wetland may be at risk from
partial conversion to upland as a result of hydraulic
and geomorphological processes rather than hydrolog
ical processes; therefore, goals should focus on stabi
lizing the upslope landform, which would suggest the
need for land stabilization BMPs in appropriate ad
jacent areas. In this case, the general requirement for
trench breakers at wetland entry and exit points would
provide no substantial environmental benefit and the
excess cost for the trench breakers would be wasted.
Evaluate options to preserve or modify processes

Once wetland processes or functions of concern that
are at risk from pipeline construction are identified,
options that are available to either preserve or mod
ify each wetland process should be evaluated. In some
cases, there may be a strong desire by users of this
proposed approach to maintain the wetland process
in its predisturbance condition, while allowing change
in the process may be desirable in other cases. Some
changes may be neutral, without significant effect
on overall wetland function. This type of evaluation
strongly involves professional judgment and concep
tual methods of evaluation, or quantitative measures.
For example, a crossing of a forested wetland may
affect certain bird species that use the forest canopy for
nesting and foraging at that location. Construction of a
cut-and-trench crossing would require removal of trees
within the construction ROW. In this case, bird nest
ing and foraging in the ROW may be key biological
processes that would be at risk from construction. Op
tions to preserve or modify these key processes could

include establishment of predisturbance levels of nest
ing and foraging, random changes in these processes,
or some other alternative such as a specified reduced
level of nesting or foraging. It is important that miti
gation options identified in this substep be practicable
with regard to project requirements, cost, engineering
logistics, and likelihood of achieving potential desired
outcomes.
Select preferred outcomes and develop revegetation
goals

The final substep involves choosing a desired out
come, and setting revegetation goals that reflect the
desired outcome. In most cases, there should be sev
eral potential outcomes including preservation of the
predisturbance process, changes in the predisturbance
process, and potential loss of the process. Some com
mon outcomes and goals may be identified more often
than others. For instance, maintaining general predis
turbance landforms on slopes around wetlands that
are stable after construction and able to accommodate
patterns of natural fluvial processes at the crossing
location may be routinely determined to be desired
outcomes and goals. Even though these types of goals
may apply to most wetland crossings, they do not re
quire that the same techniques or BMPs be applied to
each wetland.
Some preferred outcomes may allow for changes to
a key process or function. Using the forested wetland
example described above, one potential outcome may
allow for some reduced level of function within the
wetland crossing relative to bird nesting as long as
bird foraging is maintained at a relatively high level.
In this case, there may be sufficient nesting habitat
adjacent to the ROW that is not otherwise at risk, and
that will maintain predisturbance bird populations
in the area. Simple provision of suitable habitat to
maintain foraging by key bird species to ensure that
nesting success offsite continues may be sufficient in
this case. A goal for this example could be to maintain
bird foraging at, or greater than, predisturbance levels
within the ROW. This goal could be refined depending
on the key bird species of concern and special foraging
requirements for these species. Again, this goal would
not dictate specific revegetation techniques, although
this goal should lead to selecting a range of techniques
that may be applied in Step 2 of this approach.
STEP 2: DETERMINATION OF PERFORMANCE
STANDARDS AND SELECTION OF REVEGETATION
PRACTICES

Once specific goals are identified, performance stan
dards need to be developed to provide a basis for
measuring the attainment of revegetation goals. Se
lection of performance standards helps to narrow the
range of suitable revegetation techniques and BMPs
that are available for a crossing because only some
techniques or BMPs are likely to meet the performance
standards.

Identifying wetland revegetation goals in pipeline construction rights-of-way

Determine performance standards to measure
attainment of revegetation goals

A performance standard should provide discrete mea
sures to evaluate the progress of revegetation efforts.
Streever (1999) evaluated performance standards de
veloped for wetland mitigation pursuant to Clean
Water Act, Section 404 permitting, and found that,
when present, performance standards in permits of
ten use some specific measure (e.g., density or cover),
comparison to reference wetlands, or include specific
requirements (e.g., control of exotic species). These
types of performance standards may be consistent
with the proposed approach; however, the proposed
approach emphasizes developing performance stan
dards that measure attainment of specific revegetation
goals. Therefore, performance standards that are de
veloped as part of the proposed approach should be
closely related to the functional goals for a wetland.
As such, performance standards selected for a given
project should be clearly associated with specific wet
land processes or functions.
A general revegetation goal to maintain predis
turbance landforms to avoid potential mounding or
subsidence over the trench and associated habitat
shifts would likely result in a performance standard
that measures post-construction grades in comparison
to predisturbance grades. Grading could be accom
plished immediately after construction to set proper
grades in consideration of edaphic factors, and mon
itored to ensure that the landform is stable. Potential
longer term mounding, subsidence, or other factors
could be determined through visual inspection. For in
stance, sedimentation caused by entrainment of flows
and associated movement of soils along the trench line
toward the wetland may result in observable deposi
tion in the wetland and subsidence over the trench line
at some point upslope from the wetland. Formal per
formance standards to address these issues could be
stated as:
- Post-construction grades shall closely approximate
predisturbance grades as demonstrated by post
construction inspection
- Erosion, subsidence, and deposition along the trench
line, except from natural migration of wetland
boundaries, shall be minimized. The trench line will
be determined to be stabilized if no significant landform changes along the trench line are observed
within five years.
The goal to maintain bird foraging in the wetland
could result in performance standards that measure
bird species observed foraging in the ROW after con
struction. Observed numbers of certain target bird
species foraging could be identified. Standards based
on indirect measures of foraging potential may also
be desirable. For instance, establishment of shrubs or
trees of a certain average height, specific density, or
percentage of aerial cover may indicate that sufficient
habitat is available to support foraging for key bird
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species. This latter type of performance standard may
allow earlier determination of success than would be
allowed by performance standards that rely on only a
few species, whose populations in the local area may
be affected by factors other than those associated with
recovery of vegetation within the ROW. Performance
standards should also provide for suitable periods of
time to allow for revegetation to occur. Examples of po
tential formal performance standards for this case are:
- Three pairs or six individuals of four of the bird
species observed in the wetland prior to construc
tion must be observed foraging in the post-construc
tion ROW during spring surveys within five years of
construction. Specific species and different numeric
values may be required depending upon the situa
tion.
- Revegetation shall result in the establishment of na
tive shrub and/or tree species in the post-construc
tion ROW that will allow foraging of target bird
species within five years. To meet this goal, native
shrubs and/or trees that are greater than 3 feet in
height shall be established at a minimum of 25%
cover in the second year, 75% cover in the fourth
year, and 90% cover within 5 years. Eoraging by
the target bird species shall be documented during
spring surveys within 5 years of construction. Spe
cific species of plants or birds could be specified
depending upon the specific goal for the crossing. In
other cases, the standard to only require establish
ment of desired vegetation cover may be sufficient.
The relationship between performance standards
and revegetation goals should be documented to avoid
confusion when determinations are made as to wheth
er or not revegetation goals have been attained. One
particular problem that can arise with performance
standards is the possibility that the overall goal has
actually been achieved even though a performance
standard has not yet been met. Eor example, target bird
species may not be observed during the prescribed
monitoring period. These bird species may be absent
for a variety of reasons that are unrelated to the ef
fects of the pipeline crossing. A determination that
the overall revegetation goals have been met based on
diversity, density, and/or percent cover of the estab
lished vegetation may be possible if the vegetation is
of sufficient quality to support the target bird species
and there is a reasonable expectation that these bird
species will ultimately use the habitat at some future
time. A clear statement of the overall intent of the goal
and how the performance standard relates to the goal
should be helpful in assisting monitors and agencies to
make appropriate determinations in this situation, es
pecially when several years have passed and new staff
may be involved in the project. The use of multiple per
formance standards with success determined by some
combination of a subset of these standards may also
help avoid this type of problem.

578

B. Mngdych

Select revegetation techniques and BMPs

There will be many approaches available to meet
revegetation goals in most cases. The primary goal in
this substep is to select practicable techniques that will
attain the wetland revegetation goals. This process in
volves evaluating the technique's cost, how well the
technique will work in the given situation, whether
or not the technique will make a difference in the fi
nal outcome, and how the technique stacks up to other
available techniques in an objective comparison. Tech
niques available for evaluation in a specific situation
should also be limited to those that are likely to allow
attainment of the wetland revegetation goals.
For example, the performance standard for shrubs
and trees associated with bird foraging allows substan
tial latitude with regard to the shrub and tree species
that should be established. This latitude, in turn, al
lows consideration of a wide range of approaches to
revegetation, and may also allow a wider range of ap
proaches to construction practices. This standard may
be met by allowing natural recolonization, by estab
lishing key species using cuttings, or through more
extensive plantings. Disturbance of soils and root sys
tems in the construction ROW may be allowable if
sufficient vegetation can be later established and over
all wetland hydrology is maintained.

STEP 3; WETLAND REVEGETATION IMPLEMENTATION,
MONITORING, AND MAINTENANCE

This step is important because this is the stage where
errors can directly affect the revegetation effort. Errors
often occur during implementation of revegetation;
however, they may also occur during maintenance.
Errors generally consist of two types: (1) errors that
affect attainment of revegetation goals, and (2) er
rors that may not be consistent with administrative
requirements, but that do not affect the attainment
of revegetation goals. The proposed approach focuses
on selection and attainment of appropriate goals for
revegetation, and emphasizes avoidance of errors that
adversely affect the attainment of selected goals. Al
though the proposed approach recommends compli
ance with administrative requirements, the inability to
meet certain administrative requirements should not
result in penalties if revegetation goals are met. For
example, administrative requirements may exist in a
permit that require some irrigation and seeding to es
tablish vegetation. With suitable rainfall and local seed
sources, desired vegetation may be established by nat
ural recolonization, thus making the requirements for
seeding and irrigation unnecessary. Similarly require
ments for trench breakers at a specific wetland's entry
and exit points to prevent drainage may not require
construction of trench breakers if the native soil is suf
ficiently impermeable and replaced in the trench to

provide the desired seal to prevent drainage of the wet
land. The ultimate revegetation goals could be met in
both cases even if the specific administrative require
ments were not implemented. Potential conflicts can be
avoided by careful application of Steps 1 and 2 to select
appropriate revegetation goals and techniques that do
not result in administrative requirements that are ex
cessive or difficult to comply with.
The intent of the proposed approach is to pro
duce wetland revegetation goals that are attainable,
and to select techniques that can be feasibly imple
mented in a cost-effective manner, which should make
implementation as simple as possible. Regardless of
how simple the requirements, proper implementation
of all techniques is still important. To achieve proper
implementation, revegetation plans should be devel
oped that are clear and concise. Inclusion of specific
requirements in the construction specifications, espe
cially on construction plans that are map-based such
as construction alignment sheets, will also be helpful.
Geographic Information System (GIS) mapping can be
a valuable tool for this type of documentation, as can
other means of displaying construction requirements
on maps, and they provide the basis for long-term
monitoring of revegetation requirements and mainte
nance activities.
Regardless of how many mapping and other plan
ning tools are available, revegetation is a hands-on
process that requires involvement by the revegetation
manager. Monitoring, with appropriate ongoing main
tenance, is important in the implementation phase be
ginning with ROW preparation and extending through
final ROW stabilization. Early monitoring is necessary
to ensure that site preparation and construction occurs
according to plans consistent with attainment of reveg
etation goals. Monitoring may play an important role
in evaluating changes in techniques used during con
struction with appropriate documentation, thus allow
ing flexibility in construction methods. Longer term
monitoring and maintenance will help ensure success
ful attainment of wetland revegetation goals within
desired time periods.

DISCUSSION

Table 2 provides a comparison of some common per
mit requirements for pipeline projects with goals and
recommendations that may be developed using the
proposed approach. In some cases, the common permit
requirements will be deemed appropriate and associ
ated with a goal. However, a variety of options are
expected to be available in most cases that will ei
ther avoid the use of unnecessary methods or provide
methods that are more practicable. Several issues from
Table 2 that are commonly encountered in pipeline
permitting projects include the use of trench break
ers, topsoil segregation, and establishment of key plant
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Table 2. Examples of common pipeline construction requirements for wetland crossings compared to potential goals and
recommendations using this approach
Common permit requirements

Potential alternative goals/outcomes

Potentially recommended techniques
and BMPs

Place trench breakers at wetland entry and
exit points

Prevent drainage from the wetland along
the trench

Use suitable trench breakers or impermeable
soil plugs at the edges of wetlands where
lateral drainage may occur
Re-establish wetland seals using compatible,
impermeable materials within the trench
for perched wetlands

Use water bars and trench breakers on slopes
(along wetlands)

Maintain stable landforms on slopes to
prevent damage to wetland

Options should be evaluated to provide
practicable stabilization of slopes
Potential BMPs include water bars and
trench breakers, as well as other,
state-of-the-art BMPs

Segregate and replace 12 inches of topsoil
over the trench

Maintain topsoil over the trench that is
suitable for estabUshing target vegetation

Topsoil segregation may or may not be
appropriate. Maintenance of seed and root
stock may not be appropriate in forested
wetlands if trees are prohibited over the
trench. Topsoil segregation should only be
used in situations where subsoils are
incompatible with the desired vegetation

Use mats when operating equipment in
wetlands to avoid disturbance of soils in
the construction ROW

Maintain grades and soil conditions in the
construction ROW to promote
establishment of desired vegetation

A variety of BMPs may be available
depending on local conditions including:
use of construction mats in unconsoli
dated soils; construction on frozen
ground; construction during the dry
season; and controlled disturbance of soils
with post-construction restoration

Avoid placement of soil augments or
materials in wetlands

Maintain grades and soil conditions in the
construction ROW to promote
estabUshment of desired vegetation

Restoration of the construction ROW may
include augmentation with compatible
soils or other materials

Provide active plantings of trees in forested
wetlands

Re-establish similar forest and shrub species
in the construction ROW within five years

A variety of BMPs may be available to meet
this goal depending on site-specific
considerations including: natural recolo
nization; use of unrooted or rooted
cuttings; or container stock

Establish specific plant species in the
construction ROW, and control exotic
species

Re-establish plant species similar to
predisturbance conditions

See prior example. Exotic control may or
may not be feasible. If the site or adjacent
land was already infested with exotics,
then exotic species control may not be
possible or desirable

species excluding exotic plants. Problems often arise
when these seemingly sound requirements are en
forced without flexibility.
The use of trench breakers at the entry and exit
points for every wetland crossed has already been
described above as an issue because the requirement
is usually intended to prevent drainage of wetlands,
and most wetlands crossed by pipelines are at topo
graphic depressions relative to surrounding lands such
that drainage down the entry and exit trench lines
is unlikely to occur. A more suitable approach focus
ing on the goal of preventing drainage of the wetland
would only require that trench breakers be used when
they would actually provide some value in prevent
ing drainage (i.e., they would only be required when
the threat of drainage exists, and when other methods

are less practicable) (Table 2). This could result in sub
stantial cost savings during construction. For instance,
a savings of $360,000-1,200,000 in construction costs
may occur if a new pipeline project that is 400 miles
(645 km) long crosses 700 wetlands and trench break
ers (assume two per wetland at a cost of $300-1000
each) are not required at 600 of the wetlands.
Topsoil segregation is another requirement that may
be inappropriate in consideration of specific goals for
wetland revegetation in pipeline ROW (Table 2). Top
soil segregation is often required for wetland crossings
with the intent of preserving seed and root material,
and in providing suitable topsoil for re-establishment
of vegetation. The need to preserve seed and root ma
terial over the trench line may be questionable in some
cases, especially when the project involves forested
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wetlands and natural gas pipelines. The need for aerial
safety inspections of nafural gas pipelines often results
in requirements that prohibit the growth of tree species
over the trench line and include maintenance to pre
vent such growth. Therefore, requiremenfs for topsoil
segregation that promote tree growth over the trench
line may not be desirable if suitable vegetation can be
established without topsoil segregation. Topsoil segre
gation may also be of very limited value in situations
where the topsoil and subsoil are not strongly differen
tiated, such as with deep sandy or deep organic soils.
In these cases, mixing of similar subsoil with the top
soil over the trench line may not substantially affect
revegetation within the wetland.
Control of exotic plants is a common requirement
that may also be inappropriate in some cases (Ta
ble 2). A goal to re-establish plants within the ROW
that are similar to predisturbance conditions or con
ditions off the ROW may result in identification of a
requiremenf for control of exofic planfs. This requiremenf would likely be necessary if exotic plants were
absent or at very low densities in the predisturbance
wetland and surrounding areas. However, this require
ment may also be determined to be impractical in areas
where exotic plants are more abundant, and control of
such exotics within the pipeline ROW would be nearly
impossible. In this case, the initial functional evalua
tion would include consideration of fhe presence of
exofic species on- and offsite, and should lead to iden
tification of wetland revegetation goals that include
consideration of these exotic species.
The propcrsed approach is intended to be rela
tively straightforward and easy to apply, even on large
projects that cross many wetlands. Many of the wet
lands crossed on large projects are likely to be very
similar in nature and can be placed in groups based
on similar features related to geographic area, geo
morphology, hydrology, soils, habitat types, and land
uses. Evaluation of wetlands within each group of
similar wetlands should lead to determination of com
mon wefland revegetafion goals thaf could be applied
on a group basis. Development of appropriate goals
and options for performance standards could accom
modate potential minor variations among individual
wetlands within such groups that could be addressed
on a case-by-case basis during construction, with ap
propriate documentation.
Most project planning and impact assessment pha
ses of pipeline projecfs involve fhe collecfion of de
tailed wetland information that can be used for evalu
ation and goal setting. GIS or other mapping databases
greatly facilitate management of fhis information and
required planning, construction, and post-construction
documentation. Special case wetlands with unique re
quirements are still likely to occur with large projects.
GIS can also help track and facilitate implementation
of requirements for individual wetlands. Therefore, the
proposed approach should be useful on both small and
large projects.

CONCLUSION

Identifying wefland revegetafion goals within pipeline
construction ROW provides a way to focus on wef
land issues thaf are of concern and actually affected
by the cut-and-trench method of pipeline construc
tion at wetland crossings. Most environmental reg
ulations support this type of approach, although it
is common practice for mifigation and revegetafion
permif requiremenfs for pipeline ROW fo be prescripfive, especially when dealing with local permits (GRI,
1999). The proposed approach should provide a useful
framework thaf can be applied in bofh general and spe
cific situafions to build consensus among regulators,
permit applicants, and other appropriate parties.
The proposed approach is important to the pipeline
industry because many mitigation requirements that
are developed in normal permit processes are often
viewed by industry as rigid, prescriptive, inappro
priate, costly, causing delays, and potentially in con
flict with other requirements (GRI, 1999). A common
request from industry is for flexibilify in providing
suitable environmental protection. The proposed ap
proach encourages flexibility because several options
will usually be available to meet performance sfandards, and the performance standards are intended to
measure overall goals, not prescriptive requirements.
The proposed approach should also improve overall
environmental protection because the approach fo
cuses on achieving goals, and has fhe pofential fo
idenfify goals thaf are appropriate but that may have
been missed using conventional processes.

ACKNOWLEDGEMENTS

This research was funded by GRI (formerly the Gas
Research Institute). Many people at URS, GRI, and
GRI's member companies provided input and support
in preparing this document. I would like to specifi
cally thank the following people for fheir help with this
project: Krista Bartsch, Richard Bausell, Scott Moorhouse, Ray Hinkle, and Sherri Albrecht of URS; James
Ev'ans, fhe GRI Projecf Manager; the GRI Technical
Assistance Group; and Bill Streever of fhe Corps'
Waterways Experiment Station. Additional input was
provided during the early stages of this work by nu
merous federal and state agency representatives, over
30 participants at a workshop held as part of fhis re
search af the Society of Wetland Scientists Conference
held in Norfolk, Virginia in June, 1999, and representafives from the FERC at a GRI meeting held in
Washington, DC in March, 2000. Although the recom
mendations in this paper may not reflect the opinions
of these people and agencies, all comments received
from them were evaluated and appreciated.

Identifying ivetland revegetation goals in pipeline construction rights-of-way

581

REFERENCES

BIOGRAPHICAL SKETCH
BLM. 1993. Process for Assessing Proper Functioning Condition.
Riparian Area Management, TR 1737-9,1993.
BLM. 1994. Process for Assessing Proper Functioning Condition for
Lentic Riparian — Wetland Areas. Riparian Area Management,
TR 1737-11,1994.
Brinson, Mark. 1995. The HGM Approach Explained. National
Wetlands Newsletter. November-December 1995.
Brinson, Mark. 1996. Assessing Wetland Functions Using HGM.
National Wetlands Newsletter. January-February 1996.
Cowardin, L.M., V. Carter, EC. Golet, and E.T. LaRoe. 1979. Classifi
cation of Wetlands and Deepwater Habitats of the United States.
US Department of the Interior, Fish and Wildlife Service, Wash
ington, DC FWS/OBS-79/31.
GRl. 1999. Summary and Evaluation of Literature Reviewed and
the Results of the Outreach Program for Wetland Revegetation
Practices on Pipeline Rights of Way. GRI-97/1704.
GRL 2000. An Approach for Determining and Meeting Wetland
Revegetation Goals in Pipeline Construction Rights of Way. GRI00/ 0112.
Streever, BUI. 1999. Performance standards for wetland creation and
restoration under Section 404. National Wetlands Newsletter,
21(3): 10.

B ill M agdych
URS, 1615 Murray Canyon Road, Suite 1,000, San
Diego, CA 92108, USA. Phone: 619-294-9400. Fax: 619293-7920. E-mail: bill_magdych@urscorp.com
Bill Magdych, PhD, is a senior manager, ecologist,
and permitting specialist at URS. His graduate work
was conducted at the University of Oklahoma, and
he performed Post Doctoral research on wetlands at
San Diego State University. He has over 20 years
experience working with wetlands and permitting
for pipeline and other projects in the United States,
Canada, Mexico, Caribbean, and Pacific Islands.

583

Effects of Soil Segregation Treatments on
Revegetation of Wetlands Affected by
Pipeline Construction
Stephen A. Compton, David J. Santillo, and Patrick G. Feiiion

Revegetation success was assessed in three wetlands six years after being affected by natural gas
pipeline construction. Two soil handling treatments (mixed and segregated) were used in two
of the wetlands to assess the effects of wetland construction technique on restoration success.
Revegetation success was also assessed in three areas within each right-of-way including the
working area, trench line, and control area (existing powerline right-of-way). Nine vegetation
characteristics were analyzed, including percent cover, height and richness of herbaceous and
woody species, percent wetland species, species quality rating index, and Shannon-Wiener index.
There are few differences in the nine vegetation characteristics between mixed and segregated soil
treatments. However, herbaceous height and percent cover were generally lower in the trench
line area than in either the working or control areas. Furthermore, woody height and percent
cover were higher in control areas than either the working or trench line areas in two of the three
wetlands. Although soil segregation methods apparently had little impact on plant restoration
success six years after construction, the trench line area of the natural gas pipeline right-of-way
generally had lower herbaceous and woody height and percent cover than either the working or
control areas.
Keyivords'. Soil segregation, wetlands, revegetation, natural gas pipeline

INTRODUCTION

Soil removed from trenches excavated during pipeline
construction in wetlands is commonly segregated.
Specifically, topsoil and subsoil are typically removed
separately, segregated, and then replaced, as practica
ble, in their original horizon following pipe installa
tion. Although segregation of soils in unsaturated wet
lands is an accepted procedure, it is unclear whether
this method offers clear advantages over other meth
ods of soil treatment (e.g., mixing of topsoil and sub
soil) in terms of the success of post-construction reveg
etation.
This report presents results from the 1999 growing
season, which is year 6 of a 10-year monitoring project
being conducted by ANR Pipeline on the Empire
State Pipeline, located in central New York State. Year

6 research was completed by Northern Ecological
Associates, Inc. (NEA), and follows year 4 research
performed in 1997 by NEA (1999), year 2 research
performed in 1995 by the State University of New
York, College of Environmental Science and Eorestry
(O'Reilly, 1996), and year 1 research performed in 1994
by Beak Consultants, Inc. (1995). Final sampling will
occur in 2003, which corresponds to year 10.
The specific objectives of the study were to:
1. Determine the effect of mixing topsoil and subsoil
on the regeneration of the post-construction vegeta
tion community; and
2. Conduct a multiple-year comparison of nine vege
tation indices to determine the degree of restoration
success in segregated and mixed soil treatments in
different areas of the right-of-way.
METHODS

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

Study locations

Three wetlands, each with a different underlying soil
texture class, hydrologic regime, and vegetation com-
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munity were selected for this study, as described be
low.
Wetland Wn-56a. Wetland Wn-56a is located in the
Town of Rose, Wayne County, New York. This wet
land is a semi saturated emergent marsh underlain
by silty to silty clay soils. At year 3, dominant post
construction vegetation in the right-of-way portion of
Wetland Wn-56a included reed canary grass {Plmlnris
anindinacea), boneset {Eupatorium perfoliatiim), and
goldenrods {Solidago altissima, E. graminifolia).
Wetland Ca-4b. Wetland Ca-4b is located in the Town
of Conquest, Cayuga County, New York. This wetland
is a semi-permanently flooded emergent marsh/shrub
swamp underlain by clay soils. At year 3, domi
nant post-construction vegetation in the right-of-way
portion of Wetland Ca-4b included purple loosestrife
(Lythrum salicaria), arrow arum {Peltandra virginica),
cattail {Typha latifolia), duckweed {Lemna spp), and bur
reed {Sparganium mrycarpurn).

Control Area

Trench Area
Working Area

Existing
NYPA
Powerline
ROW

Empire
Pipeline
ROW

i
*\

Sampling Points

------------------- 200 H

-------------

Fig. 1. Generalized sampling design.

Field measurements recorded from each 1-m^ quad
rat sample included mean herbaceous canopy height
(cm), mean woody canopy height (cm), percent herba
ceous cover by species; and percent woody cover by
species. From the above field measurements, percent
wetland species (Reed, 1988), Species Quality Rat
ing Index (USACE, 1993), herbaceous species richness,
woody species richness, and Shannon-Wiener Index
(Barbour et al., 1993) were calculated.
Data analyses

Wetland Ca-19. Wetland Ca-19 is located in the Town
of Cato, Cayuga County, New York. This wetland is a
semi-permanently flooded emergent marsh underlain
by organic soils. At year 3, dominant post-construction
vegetation in the right-of-way portion of Wetland Ca19 included purple loosestrife, cattail, bur reed, and
reed canary grass.
Control areas. Separate control areas were located
within each of the three wetland communities stud
ied. Control area exhibited the same pre-construction
\'egetation composition and structure as the treatment
sites located on the pipeline construction right-of-way.
Control areas were located adjacent to the pipeline
construction right-of-way and were not disturbed by
pipeline construction. Control areas also were located
adjacent to a New York Power Authority electric trans
mission line right-of-way.
Data collection

Two separate soil treatments were established in two of
the three wetlands (Wn-56a and Ca-4b), one for segre
gated soils and one for mixed soils. For each soil treat
ment, three 200-ft-long transects were established par
allel to the trench line, one in each of three right-of-way
areas (Fig. 1). The three right-of-way areas included
the trench area, where soil segregation or mixing took
place and where the pipeline was installed; the work
ing area, trafficked by heavy construction equipment;
and the control area, a pre-existing New York Power
Authority powerline right-of-way. Along each rightof-way transect, 12 1-m^ quadrat samples were taken
at equal intervals. The sampling design was identical
in Wetland Ca-19, except that soil mixing was the only
soil treatment.

1999field season
Due to the limited sample size and inherent differences
in the soils, hydrology, and plant communities of the
three wetlands used in this study, most comparisons
for both the soil treatments (e.g., segregated vs. mixed)
and the right-of-way areas (e.g., working, trench, and
control) were conducted within but not among the
three wetlands. For the soil treatments, t-tests were
used to determine whether there were significant dif
ferences between segregated and mixed soil within
the working, trench, and control areas for each of the
nine variables of interest. Soil treatment effects were
investigated in only two of the three wetlands (Wn56a and Ca-4b) because the third (Ca-19) had only the
mixed soil treatment. Differences between the work
ing trench, and control areas within each of the soil
treatments were examined using one-way Analysis
of Variance (ANOVA). Duncan's new multiple range
pairwise comparisons were used to determine differ
ences among the three right-of-way treatments. Mini
mum significance level for statistical tests was 0.05.
Multiple-year comparison
Multiple-year comparisons of the nine vegetation in
dices by soil treatment and right-of-way treatment
were performed to determine the degree of restora
tion success in the three different wetlands. Data were
compiled from this report and from the three previ
ous field season reports (Beak Consultants, Inc., 1995;
O'Reilly, 1995; and NEA, 1999) to establish a 6-year
post-construction sequence of wetland revegetation.
Mean control values were determined for each vari
able using data from all four sampling events, except
in Wetland Ca-4b, where 1994 control data were not
used because a different area was sampled as the con
trol treatment.

Effects o f soil segregation treatments on revegetation o f wetlands

RESULTS
1999 field season

Comparison o f segregated vs. mixed soil treatment
Wetland Wn-56a — Silty to silty clay soil. There
were few significant differences for the nine vegeta
tion indices between the segregated and mixed soil
treatments in the working, trench, or control areas in
Wn-56a (Table 1). In the working and trench areas, per
cent woody cover and woody species richness were
significantly higher in the mixed soil treatment than
in the segregated soil treatment. There were no signifi
cant differences in the nine vegetation indices between
control areas.
Wetland Ca-4b — Clay soil. There were few signif
icant differences between the segregated and mixed
soil treatments for the working and trench areas in
Wetland Ca-4b (Table 2). In the working area, percent
woody cover was significantly higher in the segre
gated soil treatment. In the trench area, both percent
woody cover and woody canopy height were signif
icantly higher in the segregated soil treatment. There
were no significant differences in the nine vegetation
indices between the segregated and mixed soil treat
ments for the control area.
Comparison o f right-of-way areas: Working, trench, and
control
Wetland Wn-56a — Silty to silty clay soil. Herba
ceous canopy height and percent wetland species were
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significantly lower in the trench area than in the work
ing area for the segregated soil treatment of Wn-56a
(Table 3). Herbaceous species richness and ShaimonWiener index were significantly lower in the control
area than in the trench area of the segregated soil treat
ment. Also, the control area had a taller woody canopy,
shorter herbaceous canopy height, and lower percent
wetland species and herbaceous species richness than
the working area.
In the mixed soil treatment of Wetland Wn-56a,
herbaceous canopy height, percent wetland species,
and herbaceous species richness were significantly
lower in the trench area than in the working area
(Table 3). The woody canopy was higher and percent
wetland species lower in the control as compared
to both the working and trench areas. The control
area also had significantly lower herbaceous canopy,
herbaceous species richness, woody species richness,
and Shannon-Wiener index than the working area of
the mixed soil treatment of Wetland Wn-56a.
Wetland Ca-4b — Clay soil. For the segregated soil
treatment in Wetland Ca-4b, the trench area had a sig
nificantly lower herbaceous canopy than the working
area (Table 4). There were no other differences between
the trench and working areas in the segregated soil
treatment. The control area had a lower herbaceous
canopy, percent herbaceous cover, and woody species
richness than the working area. The trench and control
areas differed only in percent herbaceous cover (lower
in control).

Table 1. Mean (± Standard Error) of nine vegetation characteristics in segregated and mixed soil treatments (for each right-of-way area)
in Wetland Wn-56a
Working

Trench

Control

Segregated

Mixed

Segregated

Mixed

Segregated

Mixed

Herbaceous Canopy
Height (cm)

76.67
(3.86)

68.18
(4.49)

61.25
(4.53)

43.63
(2.70)

62.92
(4.37)

50.45
(7.82)

Woody Canopy
Height (cm)

25.42
(5.85)

34.09
(6.35)

36.25
(6.86)

22.00
(6.88)

59.58
(14.78)

93.63
(8.84)

Herbaceous
Cover (%)

128.33
(4.28)

109.60
(7.09)

112.00
(5.58)

118.36
(10.11)

110.79
(9.70)

111.13
(6.98)

Woody Cover {%)

1.83‘
(0.85)

7.09*
(3.73)

2.33*
(0.69)

5.18*
(2.21)

3.50
(1.94)

3.55
(1.71)

Wetland Species (%)

54.86
(6.84)

59.09
(6.88)

20.42
(9.14)

22.58
(9.64)

20.83
(8.97)

87.88
(6.39)

Quality Index

5.88
(0.33)

6.59
(0.59)

6.59
(0.73)

5.07
(0.72)

6.95
(0.51)

5.82
(0.43)

Herbaceous Species
(#/m^)

9.75
(0.57)

12.00
(0.77)

9.58
(0.57)

9.27
(0.43)

7.58
(0.58)

7.73
(0.59)

Woody Species
(#/m^)

0.67*
(0.19)

1.36*
(0.45)

1.25*
(0.25)

2.27*
(0.54)

0.58
(0.23)

0.73
(0.30)

Shannon-Wiener Index

1.50
(0.09)

1.89
(0.10)

1.73
(0.08)

1.64
(0.06)

1.42
(0.11)

1.16
(0.16)

‘ Statistically different at the 0.05 level of significance using the t-test and/or

test.
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Table 2. Mean (± Standard Error) of nine vegetation characteristics in segregated and mixed soil treatments (for each right-of-way area)
in Wetland Ca-4b
Working

Trench

Control

Segregated

Mixed

Segregated

Mixed

Segregated

Mixed

Herbaceous Canopy
Height (cm)

154.58
(7.96)

155.42
(13.36)

125.83
(4.56)

141.67
(3.55)

135.42
(3.56)

148.75
(4.36)

Woody Canopy
Height (cm)

26.25
(15.72)

15.83
(15.83)

2.50*
(0.75)

0.25*
(0.25)

1.25
(0.65)

(0.00)

Herbaceous
Cover (%)

124.75
(7.84)

95.17
(7.01)

126.33
(10.26)

104.46
(10.78)

99.58
(3.91)

88.96
(6.23)

Woody Cover (%)

7.25*
(4.67)

1.33*
(1.33)

0.83*
(0.41)

0.13*
(0.09)

0.25
(0.13)

0.08
(0.08)

Wetland Species (%)

100.00

100.00

100.00

100.00

100.00

100.00

(0.00)
5.42

(0.00)
5.05

(0.00)
4.74

(0.00)
5.31

(0.00)
3.41

(0.00)
5.71

Quality Index

(0.96)

(1.11)

(1.25)

(1.31)

(1.06)

(0.88)

Herbaceous Species
(#/m^)

6.92
(0.29)

7.08
(0.42)

7.50
(0.50)

8.42
(0.31)

7.50
(0.50)

8.50
(0.53)

Woody Species
(#/m“)

0.75
(0.18)
1.32

0.17
(0.17)
1.45

0.50
(0.15)
1.45

0.17
(0.11)
1.56

0.25
(0.13)
1.28

0.08
(0.08)
1.61

Shannon-Wiener Index

(0.08)

(0.10)

(0.09)

(0.06)

(0.08)

(0.08)

* Statistically different at the 0.05 level of significance using the t-test and/or

0.00

test.

Table 3. Mean (± Standard Error) for nine vegetation characteristics in three right-of-way areas for both segregated and mixed soil
treatments in Wetland Wn-56a
Segregated

Mixed

Working

Trench

Control

Working

Trench

Control

Herbaceous Canopy
Height (cm)

76.67“'
(3.86)

61.25''
(4.53)

62.92'’
(4.37)

68.18“’
(4.49)

43.63'’
(2.70)

50.45'’
(7.82)

Woody Canopy
Height (cm)

25.42“'
(5.85)

36.25“’''
(6.86)

59.58''
(14.78)

34.09-’
(6.35)

22.00“'
(6.88)

93.63'’
(8.84)

Herbaceous
Cover (%)

128.33“'
(4.28)

112.00“'
(5.58)

110.79“’
(9.70)

109.60“’
(7.09)

118.36'
(10.11)

111.13“’
(6.98)

Woody Cover (%)

1.83“’
(0.85)

2.33“'
(0.69)

3.50“’
(1.94)

7.09“’
(3.73)

5.18'
(2.21)

3.55“'
(1.71)

Wetland Species (%)

54.86“'
(6.84)

20.42''
(9.14)

20.83'’
(8.97)

59.09“’
(6.88)

22.58''
(9.64)

87.88"
(6.39)

Quality Index

5.88“’
(0.33)

6.59'
(0.73)

6.95“'
(0.51)

6.59“’
(0.59)

5.07'
(0.72)

5.82“'
(0.43)

Herbaceous Species
(#/m-)

9.75“’
(0.57)

9.58“'
(0.57)

7.58'’
(0.58)

12.00“’
(0.77)

9.27'’
(0.43)

7.73'’
(0.59)

Woody Species
(#/m2)

0.67“’
(0.19)

1.25'
(0.25)

0.58“’
(0.23)

1.36“’
(0.45)

2.27“''’
(0.54)

0.73'’
(0.30)

Shannon-Wiener Index

1.50“’''
(0.09)

1.73“’
(0.08)

1.42''
(0.11)

1.89“’
(0.10)

1.64'
(0.06)

1.16''
(0.16)

ah

For comparisons among the three right-of-way areas, within each soil treatment (i.e., segregated or mixed), mean values with the same
superscript letter are not significantly different at the 0.05 level.
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Table 4. Mean (± Standard Error) for nine vegetation characteristics in three right-of-way areas for both segregated and mixed soil
treatments in Wetland Ca-4b
Mixed

Segregated
Working

Trench

Control

Working

Trench

Control

Herbaceous Canopy
Height (cm)

154.58'''
(7.96)

125.83'"
(4.56)

135.42*"
(3.56)

155.42"
(13.36)

141.67"
(3.55)

148.75"
(4.36)

Woody Canopy
Height (cm)

26.25"
(15.72)

2.50"
(0.75)

1.25"
(0.65)

15.83"
(15.83)

0.25"
(0.25)

0.00"
(0.00)

Herbaceous
Cover (%)

124.75"
(7.84)

126.33"
(10.26)

99.58*"
(3.91)

95.17"
(7.01)

104.46"
(10.78)

88.96"
(6.23)

7.25"
(4.67)

0.83"
(0.41)

0.25"
(0.13)

1.33"
(1.33)

0.13"
(0.09)

0.08"
(0.08)

100.00"

100.00"

100.00"

100.00"

100.00"

100.00"

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

Quality Index

5.42"
(0.96)

4.74"
(1.25)

3.41"
(1.06)

5.05"
(1.11)

5.31"
(1.31)

5.71"
(0.88)

Herbaceous Species
(#/m2)

6.92"
(0.29)

7.50"
(0.50)

7.50"
(0.50)

7.08"
(0.42)

8.42*"
(0.31)

8.50*"
(0.53)

Woody Species
(#/m^)

0.75"
(0.18)

0.50"'"
(0.15)

0.25*"
(0.13)

0.17"
(0.17)

0.17"
(0.11)

0.08"
(0.08)

Shannon-Wiener Index

1.32"
(0.08)

1.45"
(0.09)

1.28"
(0.08)

1.45"
(0.10)

1.56"
(0.06)

1.61"
(0.08)

Woody Cover (%)

Wetland Species (%)

^'^For comparisons among the three right-of-way areas, within each soil treatment (i.e., segregated or mixed), mean values with the same
superscript letter are not significantly different at the 0.05 level.

In the mixed soil treatment, the only significant dif
ference was the working area had a lower herbaceous
species richness than either the trench or control areas
(Table 4).
Wetland Ca-19 — Organic soil. In Wetland Ca-19,
where there was only a mixed topsoil/subsoil treat
ment, the control area is distinguished from both
the working and trench soil areas due to a signifi
cantly higher herbaceous canopy, higher species qual
ity index, and higher herbaceous species richness
(Table 5). The trench had a significantly lower herba
ceous canopy than both the working and control treat
ments. The trench treatment was further distinguished
from the working treatment by its lower herbaceous
canopy.
Multiple-year comparison
Wetland Wn-56a — Silty to silty clay soil. In both
the working and trench areas, six of the nine vegetation
indices (percent herbaceous cover, percent wetland
species, species quality index, herbaceous species rich
ness, woody species richness, and Sharmon-Wiener
index) equaled or exceeded the mean control value
(used as a measure of restoration success) by the
first growing season (1994). Furthermore, herbaceous
canopy height in the working and trench areas reached
the mean control value by the second growing sea
son (1995). Only woody height and percent woody

Table 5. Mean (± Standard Error) for nine vegetation
characteristics in three right-of-way areas in Wetland Ca-19
Working area

Trench area

Control area

167.08"
(5.13)

135.83*"
(3.07)

188.75'"
(3.90)

5.42"
(5.42)

12.92"
(8.71)

51.25"
(25.32)

121.00"
(4.50)

89.42*"
(4.34)

107.25"
(7.86)

0.08"
(0.08)

1.25"
(0.90)

10.67"
(8.10)

100.00"

100.00"

100.00"

(0.00)

(0.00)

(0.00)

Quality Index

4.64"
(0.29)

3.37"
(0.59)

8.41*"
(0.84)

Herbaceous Species
(#/m^)

3.50"
(0.23)

3.42"
(0.26)

4.75*"
(0.28)

Woody Species
(#/m2)

0.08"
(0.08)

0.17"
(0.11)

0.33"
(0.14)

Sharmon-Wiener Index

0.78"
(0.05)

0.80"
(0.04)

0.89"
(0.06)

Herbaceous Canopy
Height (cm)
Woody Canopy
Height (cm)
Herbaceous
Cover {%)
Woody Cover (%)

Wetland Species (%)

®'^For comparisons among the three right-of-way areas, mean values
with the same superscript letter are not significantly different at the
0.05 level.
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cover did not reach the mean control value by the
sixth growing season (1999). Also, there was a gen
eral decline in percent wetland species, species quality
index, herbaceous and woody species richness, and
Shannon-Wiener index after the first growing season
in both working and trench areas.
Wetland Ca-4b — Clay soil. In both the working
and trench areas of Wetland Ca-4b, three of the nine
vegetation indices (percent wetland species, species
quality index, herbaceous species richness, and woody
species richness) equaled or exceeded the mean con
trol value by the first growing season (1994). Herba
ceous canopy height, percent herbaceous cover, and
Shannon-Wiener index all reached the mean control
value by the sixth growing season. In the working
area/mixed soil treatment, only one vegetation index
(percent woody cover) did not reach the mean con
trol value by the sixth growing season. Indices that
did not reach the mean control value in the trench line
area included woody height, percent woody cover, and
woody species richness (except in the mixed soil treat
ment/ first growing season).
Wetland Ca-19 — Organic soil. In the first growing
season, three of the nine vegetation indices (species
quality index, herbaceous species richness, and woody
species richness) in Wetland Ca-19 had reached or
exceeded that of the mean control value. Between the
second and sixth growing seasons herbaceous canopy
height, herbaceous cover, percent wetland species, and
Shannon-Wiener index also reached the mean control
value in both the segregated and mixed soil treatments.
Two vegetation indices, woody height and percent
woody cover, did not reach the mean control value by
the sixth growing season (1999).

DISCUSSION
1999 field season

Comparison of segregated vs. mixed soil treatment
Wetland Wn-56a — Silty to silty clay soil. Data from
the 1997 growing season suggested that the control
areas for the segregated and mixed soil treatments dif
fered in their woody vegetation characteristics and,
therefore, possibly in their underlying hydrology and
soil characteristics (NEA, 1999). In contrast to the 1997
growing season, data from the 1999 growing season
suggests that there were no significant differences in
the nine vegetation characteristics between the con
trol areas for the segregated and mixed soil treatments.
Variability in the vegetation characteristics of the con
trol areas is likely to have been introduced by NYPA
powerline right-of-way maintenance activities.
The segregated and mixed soil treatments of Wet
land Wn-56a differed most significantly in their woody

vegetation characteristics in the working and trench ar
eas. Specifically, the mixed soil treatment had a higher
percentage woody cov'er and woody species richness.
Although it is possible that topsoil/subsoil mixing
enhances woody species revegetation, 1999 growing
season data from Wetland Ca-4b exhibit the oppo
site trend, suggesting that soil treatment differences in
woody vegetation growth may be the result of other,
unknown factors.
Wetland Ca-4b — Clay soil. As with Wetland Wn56a, there were no differences between the control ar
eas for the two soil treatments in Wetland Ca-4b in the
1999 growing season, although there were significant
differences between the two control areas in the 1997
growing season. Right-of-way management activities
would not have been a factor in this wetland; how
ever, observed differences in herbaceous vegetation
between the control areas for the two soil treatments in
1997 may be the result of inherent seasonal variability.
The segregated soil treatment for both the working
and trench areas of Wetland Ca-4b had a more signif
icant woody vegetation component. As with Wetland
Wn-56a, these differences are most likely attributed to
factors other than soil treatment because, as mentioned
in previous section, the woody vegetation component
of Wetland Wn-56a is greater in the mixed soil treat
ment, which is opposite to the trend observed in Ca-4b.
Right-of-way areas: Working, trench, and control
Wetland Wn-56a — Silty to silty clay soil. In the
segregated soil treatment area of Wetland Wn-56a, the
control and trench areas were similar to each other,
differing only in their herbaceous species richness
and Shannon-Wiener index (both were higher in the
trench area). Higher herbaceous species richness and
Shannon-Wiener index may be attributed to the use of
the trench area as an all-terrain-vehicle (ATV) travel
corridor. This disturbance has introduced typical in
vasive herbaceous species such as path rush (Juncus
tenuis) and bull thistle (Cirsium vulgare) to the trench
treatment area. In comparison, the working area differs
considerably from both the trench and control areas. In
general, the working area, which was adjacent to the
undisturbed forested wetland had a higher percentage
of wetland species and a more significant herbaceous
component than either the trench or control treatment
area, suggesting that these two areas are in a drier part
of the wetland.
Wetland Ca-4b — Clay soil. The most important
difference among the three right-of-way areas in the
segregated soil area of Wetland Ca-4b is the more vig
orous herbaceous community in the working area as
compared to both the trench and control areas. The
difference in herbaceous canopy height between the
working and trench areas may reflect a shift in plant
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community composition as a result of wetter condi
tions in the trench area resulting from construction.
Although the plant communities of the two areas were
similar in their dominant species (i.e., purple looses
trife and cattail), the trench area had a greater occur
rence of shorter vegetation common to permanently
flooded areas such as duckweed and bur reed. The less
vigorous herbaceous community of the control area, as
compared to both the working and trench areas, likely
reflects shading effects from the adjacent forested wet
land community.
Although the only significant difference among the
three right-of-way areas of the mixed soil treatment
area was the lower herbaceous species richness in the
working area, closer inspection of the data shows a
similar pattern to that of the segregated area of Wet
land Ca-4b. The herbaceous canopy was consistently
low in the trench area; however, differences between
the herbaceous canopy height in the trench and work
ing areas were masked by high variability in heights
among plots in the working area.
Wetland Ca-19 — Organic soil. As in both Wetlands
Wn-56a and Ca-4b, the trench treatment of Wetland
Ca-19 had the lowest herbaceous canopy. Furthermore,
the control area of this wetland had the highest herba
ceous canopy, species quality index and herbaceous
species richness of all three treatments. Although the
causal relationship is unclear, this decreasing gradient
in herbaceous canopy height from control to working
to trench area may reflect the degree of disturbance
due to construction. Nonetheless, changes in hydrol
ogy are likely to have occurred during construction
restoration (regrading) activities, resulting in a shift in
plant community composition in the working and, es
pecially, the trench areas.
Multiple-year comparison
Wetland Wn-56a — Silty to silty clay soil. Multipleyear comparison of the nine vegetation indices in Wet
land Wn-56a demonstrates that the overall herbaceous
community structure (i.e., species richness, canopy
height, and percent cover) had become reestablished
by the end of the second growing season (1995) in
both mixed and segregated soil treatments. Not sur
prisingly, however, woody canopy height and percent
woody cover is returning more slowly and, by the end
of the sixth growing season (1999), had not yet reached
the levels of the control area.
Wetland Ca-4b — Clay soil. Similar to Wetland Wn56a, the overall herbaceous community of both the
mixed and segregated soil treatments had become
reestablished within the first six growing seasons. Di
versity indices, species quality, and wetland species
composition had also recovered. Also, similar to Wet
land Wn-56a, the woody community structure was not
fully reestablished in either the working or trench ar
eas by the sixth growing season.
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Wetland Ca-19 — Organic soil. Again, similar to
both Wetlands Wn-56a and Ca-4b, the overall herba
ceous community structure had become reestablished
by the end of the sixth growing season in both the
mixed and segregated soil treatments. Diversity in
dices, species quality, and wetland species composition
had also recovered. Woody height and percent cover
had not yet reached control levels by the end of the
growing season, probably due to the inherent slower
recovery of woody vegetation.

CONCLUSIONS

The vegetation communities in three wetlands, which
varied in their underlying soil texture, were studied
to determine the effects of two different soil treat
ments (segregated and mixed) in three right-of-way
areas (trench, working, and control). The vegetation
communities of wetlands under both silty to silty clay
(Wetland Wn-56a) and clay soils (Wetland Ca-4b) did
not differ significantly as a result of soil treatment after
six years of post-construction recovery. Results from
the 1999 growing season suggest that, in all three wet
lands, herbaceous canopy height, and to a lesser de
gree percent herbaceous cover, are lower in the trench
areas than in the working or control areas, probably
due to a shift in plant community composition result
ing from a drier hydrology caused by construction.
Multiple-year comparisons demonstrated that the
herbaceous community structure of all three wet
lands had become reestablished by the sixth post
construction growing season and, in some cases, as
early as the second growing season. Multiple-year
comparisons also revealed that, in all three wetlands,
woody vegetation structure in the working and trench
treatments was not fully restored when compared to
that of the control treatment.
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R apid A pproach to R equired
P o st-C o n stru ctio n W etland V egetation
M o n ito rin g a fter P ip eline C o n stru ctio n

Brett M. Battaglia, J. Roger Trettel

F e d e ra l a n d s ta te a u th o riz a tio n s fo r c o n stru c tio n o f p ip elin e p ro je cts th ro u g h w e tla n d s ty p ic a lly
re q u ire 2 - 5 y e a r s o f p o s t-co n s tru ctio n m o n ito rin g to a s se s s th e lo n g -te rm c o n d itio n o f w e tla n d s .
T h e s ta n d a rd w e tla n d m o n ito rin g co n d itio n im p o s e d b y th e F e d e ra l E n e r g y R e g u la to ry C o m m is 
sio n (F E R C ) ty p ic a lly re q u ire s q u a lita tiv e c o v e r a s se s sm e n ts a lo n g w ith q u a n tita tiv e s a m p lin g to
ca lcu la te p re -c o n s tru c tio n a n d p o s t-c o n s tru c tio n c o m m u n ity d iv ersity . D u e to th e la rg e n u m b e r
o f w e tla n d s c ro s s e d b y la rg e p ip elin e p ro je cts, a ra p id , y e t scien tifically v a lid s a m p lin g m e th o d o l
o g y is d e sirab le. N o r th e r n E co lo g ic a l A ss o c ia te s , Inc. (N E A ) h a s im p le m e n te d a m o d ifie d v e r s io n
o f a n e sta b lish e d q u a lita tiv e /q u a n tita tiv e a s se s sm e n t te ch n iq u e th a t p ro v id e s a m e a n s o f ra p id ly
d o c u m e n tin g w e tla n d c h a ra cte ris tics . In o r d e r to o b tain b o th q u a lita tiv e an d q u a n tita tiv e d a ta ,
th e e sta b lish e d p la n t s a m p lin g te ch n iq u e , th e B r a u n -B la n q u e t R e le v e ' M e th o d (B o n h a m , 1 989)
w a s u se d . T h e q u a lita tiv e c o m p o n e n t in v o lv e s a w a lk o v e r o f th e w e tla n d to v is u a lly a s se s s th e
o v e ra ll co n d itio n o f th e site an d d o c u m e n ta tio n o f a v a r ie ty o f p a ra m e te r s o n a ch e ck list-ty p e
d a ta fo rm . T h e q u a n tita tiv e c o m p o n e n t of th e p r o g r a m in v o lv e s d e te rm in a tio n o f p e rc e n t c o v e r
in a c c o rd a n c e w ith a v a ria b le -s iz e d q u a d ra t s a m p le d a t a re p re s e n ta tiv e lo c a tio n w ith in th e w e t
la n d a s p e r th e R e le v e ' M e th o d . D ata c o lle cte d w ith th e R e le v e ' M e th o d m a y b e u se d to ca lcu la te
d iv e rs ity b y m e a n s o f th e S h a n n o n -W e a v e r d iv e rs ity in d ex.

K eyw ords: W etlan d m o n ito rin g , R e le v e ', q u a d ra t, d iv e rs ity , c o v e r

INTRODUCTION

This paper presents a methodology for performing re
quired post-construction qualitative and quantitative
monitoring of wetlands following pipeline construc
tion. Because of the large numbers of wetlands typi
cally crossed by large-scale pipeline projects, required
monitoring can be time consuming and costly. Fur
thermore, completing surveys and summarizing data
in report form for submittal to regulatory agencies
is typically required by early fall, thus necessitating
rapid data collection, processing, and reporting. The
methodology developed by Northern Ecological As
sociates, Inc. (NEA) addresses these issues of timing

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

and cost, while generating valid, comprehensive qual
itative and quantitative data to fulfill permit condition
requirements.
This methodology has been utilized on several re
cent natural gas pipeline projects in the northeastern
US including, most recently, the Portland Natural Gas
Transmission System (PNGTS) and PNGTS/Maritimes
& Northeast, L.L.C. (Maritimes) Joint Eacilities projects.
The combined PNGTS and PNGTS/Maritimes Joint
Eacilities projects (Projects) involved pipe installation
and heavy equipment operation through a total of
over 1500 wetlands through portions of Massachusetts,
New Hampshire, Maine, and Vermont. These Projects
will be used as a case study in describing the wetland
monitoring methodology.
Authorization for the Projects included permits
to allow pipeline construction through wetlands is
sued by the Pederal Energy Regulatory Commission
(EERC), US Army Corps of Engineers (COE), the
Maine Department of Environmental Protection
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(MDEP), the New Hampshire Department of Envi
ronmental Services (NHDES), the Massachusetts De
partment of Environmental Protection (MADEP), and
the Vermont Agency of Natural Resources (VTANR).
In issuing these permits, the various regulatory agen
cies required that wetlands be restored to approximate
original condition and the wetlands be monitored over
time to ensure satisfactory revegetation. In general,
conditions of each of these permits are summarized as
follows:
- restore the grade, hydrology, and vegetation of im
pacted wetland communities;
- provide for no net loss of wetland acreage;
- adequately assess the condition and vegetation di
versity of the restored wetlands; and
- link monitoring to management or maintenance
actions that will be taken when performance criteria
are not attained.
In compliance with its permit conditions, PNGTS im
plemented the procedures specified in the Program
and described in this paper. During July and August,
1999, NEA field ecologists implemented the first year
of the Program and performed qualitative and quanti
tative assessments of all 1400 wetlands crossed by the
Projects.
Specific wetland monitoring permit conditions and
success criteria

Each of the state and federal permits issued for the
project included conditions relating to post-construc
tion wetland monitoring and reporting. Specific post
construction monitoring and reporting permit condi
tions were as follows.
Federal Energy Regulatory Commission
"Monitor the success of wetland revegetation annually
for the first 3-5 years after construction. Revegetation
should be considered successful if the cover of native
herbaceous and/or woody species is at least 80% of
the total area, and the diversity of native species is at
least 50% of the diversity originally found in the wet
lands. If revegetation is not successful at the end of
3 years, develop and implement (in consultation with
a professional wetland ecologist) a remedial revegeta
tion plan to actively revegetate the wetland with native
wetland herbaceous and woody plant species. Con
tinue revegetation efforts until wetland revegetation is
successful."
US Army Corps o f Engineers
"A restoration monitoring report shall be submitted to
the Corps of Engineers and the US EPA at the end of
the growing season for at least five consecutive years
or until the restoration is successful. The restoration
monitoring reports for the PERC may be used to satisfy
this condition if they contain at least: the estimated
percentage of foliage cover at each restored site by non
invasive hydrophytes; a summary of inspections and

corrective actions to control erosion, sedimentation
and invasive species of hydrophytes; and, any relevant
recommendations or suggestions."
New Hampshire Department o f Environmental Services
"Company shall monitor wetland revegetation efforts
annually until successful as per NHDES success stan
dards described as follows. Revegetation shall be con
sidered successful if (1) at least 80% of the total cover
is native species and (2) the level of diversity of the na
tive species present after construction is at least 50%
of the level originally found in the wetland. If the area
is not showing signs of re-establishing native wetland
vegetation during the first growing season following
construction. Company shall develop and implement
(in consultation with a professional wetland ecologist)
a plan to revegetate the wetland with native wetland
species. If the NHDES-specified level of percent cover
and diversity is not achieved after the third growing
season. Company shall consult with the NHDES to de
velop a strategy for achieving successful revegetation."
"Monitoring reports related to wetland vegetative
restoration shall be submitted annually no later than
September 1st each year, for a period of three growing
seasons following the completion of construction."
Due to on-going construction/restoration work during
the 1999 growing season, the NHDES granted an
extension for the submittal of the Eirst Year Report to
October 15,1999.
Maine Department of Environmental Protection
"Company will monitor the success of wetland reveg
etation annually for the first three to five years after
construction. Revegetation should be considered suc
cessful if (1) at least 80% of the total cover is native
species and (2) the level of diversity of the native
species present after construction is at least 50% of
the level originally found in the wetland. If the area
is not showing signs of re-establishing native wetland
vegetation during the first growing season following
construction. Company will develop and implement
(in consultation with a professional wetland ecologist)
a plan to revegetate the wetland with native wetland
species."
Massachusetts Department of Environmental Protection
"Company will monitor the success of wetland reveg
etation annually for the first three to five years after
construction. Revegetation should be considered suc
cessful if (1) at least 80% of the total cover is native
species and (2) the level of diversity of the native
species present after construction is at least 50% of
the level originally found in the wetland. If the area
is not showing signs of re-establishing native wetland
vegetation during the first growing season following
construction. Company will develop and implement
(in consultation with a professional wetland ecologist)
a plan to revegetate the wetland with native wetland
species."

Required post-construction wetland vegetation monitoring

Vermont Agency o f Natural Resources
"The applicant shall monitor both wetland and ri
parian buffer revegetation efforts (see Condition #29
below) annually until successful. Re-vegetation shall
be considered successful if (1 ) at least 80% of the to
tal cover is native species and (2 ) the level of diversity
of the native species present after construction is at
least 50% of the level originally found in the wetland
or riparian buffer. If the area is not showing signs of
re-establishing native vegetation during the first grow
ing season following construction, the applicant shall
develop and implement (in consultation with a pro
fessional ecologist) a plan to revegetate the wetland or
riparian buffer with native species."
"Immediately following construction across stream
channel AST003, temporary erosion controls and bank
restoration and stabilization techniques described in
the Applicant's Environmental Construction Plan shall
be implemented. As soon as practicable following con
struction across stream channel ST003, the full 25-foot
riparian buffer zones shall be re-planted with native
willows (Salix spp.) and speckled alder (Alnus rugosa).
Restoration efforts shall be monitored annually until
'successful' as outlined in Condition #19 above."
Success criteria

Based on the various permit conditions for the Projects,
the following criteria were used to evaluate wetland
restoration success:
- the affected wetland must be the same size as the
pre-disturbance wetland as documented in permit
applications;
- the restored wetland must meet the US Army Corps
of Engineers 1987 soils, vegetation, and hydrology
criteria for wetland designation; and
- initial revegetation of wetlands shall consist of an
nual rye grass. With time, the cover of native herba
ceous and/or woody wetland species shall be at
least 80% of the total area, and the diversity of na
tive species shall be 50% of the diversity originally
found in the wetlands.

MONITORING METHODS

Eield ecologists performed the required wetland veg
etation monitoring. Wetlands were monitored during
the peak-growing season, which coincides with the
mid-summer months (July-August). In order to ob
tain both qualitative and quantitative data to achieve
permit condition compliance, NEA utilized the estab
lished plant sampling technique, the Braun-Blanquet
Releve' method (Bonham, 1989). The Releve' method
involves the qualitative description and quantitative
documentation of plant community characteristics,
including species richness and vegetation structure,
within plots that are representative of particular plant
communities or cover types, which are identified
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through preliminary reconnaissance of a site. This
approach provides a formal characterization of the
wetland community, while avoiding excessively laborintensive field sampling commonly associated with
randomized sampling designs. The following provides
the procedures of the Releve' method that were im
plemented to perform qualitative and quantitative
wetland vegetation monitoring. At each site, a Qualitative/Quantitative Wetland Assessment Eorm and a
Species Inventory Report Form are completed. In ad
dition, representative photographs are taken at each
wetland and documented in a photographic record.
Qualitative assessment

The qualitative component of the monitoring program
involves a detailed site reconnaissance of the entire
wetland and a visual assessment of the overall condi
tion of the site. Parameters evaluated include grade,
hydrology, soils, percent vegetative cover, vegetation
vigor, dominant species community composition, and
evidence of nuisance weed invasion. The wetland
community on the disturbed ROW is compared with
undisturbed portions of the same wetland located ad
jacent to the disturbed ROW. Care is taken to compare
appropriate similar communities on- and off-ROW.
The field teams are also instructed to use best profes
sional judgement to assess whether the wetland ap
pears to be successfully revegetating to a hydrophytic
vegetation community, or whether corrective actions
may be warranted.
Where a wetland complex is defined by several
separate segments, similar community types are com
bined and represented by a single data plot. Where
separate segments of the same wetland are dissimilar
from each other in vegetation community type (e.g.,
scrub-shrub wetland in one section of the wetland and
wet meadow in another), a separate data plot was es
tablished within each representative wetland area.
At each site, a Qualitative/Quantitative Wetland
Assessment Form and a Species Inventory Report
Form were completed. In addition, representative pho
tographs were taken at each wetland and documented
in a photographic record.
Quantitative assessment

Permit conditions addressing long-term monitoring all
contain a component calling for quantitative assess
ment. Specifically, the FERC, COE, MDEP, NHDES,
VTANR, and MADEP permit conditions all require
assessing the total "percent cover" of wetland vege
tation and the "diversity" of the plant community in
comparison to pre-construction conditions. In order to
determine these quantitative values, the following pro
cedures were implemented at each wetland.
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Table 1. Cover classes of Braun-Blanquet
Class

Range of % Co\'er

Median

75-100
50-75
25-50
2-25
1-5
<1
«1

87.5
62.5
37.5
15.0
2.5
0.1
*

5
4
3
2
1
F
F

‘^Individuals occurring seldom or only once; cover ignored and
assumed to be insignificant.
Source: Mueller-Dombois and Ellenburg, 1974.

Table 2. Sociability scale of Braun-Blanquet
Value
5
4
3
2
1
Plot number

Size (m^)

Plot number

1

0.25

6

Meaning
Growing in large, almost pure stands
Growing in small colonies or carpets
Forming small patches or cushions
Forming small but dense clumps
Growing singly

Size (m-)
8.0

2

0.5

7

16.0

3

1.0

8

32.0

4

2.0

9

64.0

5

4.0
Fig. 1. Nested quadrat diagram.

Percent cover
In accordance with the Releve' Method, a variable
sized quadrat was sampled at a representative location
within the wetland in the approximate center of the
construction ROW. The quadrat is a minimum of one
square meter and sized to contain at least 90-95%
of the dominant plant species identified within the
community during the general site reconnaissance.
The actual size of the Releve' plot is determined
by sampling a series of nested quadrats (Fig. 1).
Successively larger quadrats, each of which contains
the smaller, previously sampled quadrat, are to be
sampled until the required 90-95% of the dominant
species are encountered.
Within each quadrat, two parameters are measured:
percent cover of each species present, and the so
ciability of each plant species. Percent cover esti
mates are visually estimated within cover classes de
fined by the Braun-Blanquet cover scale (Table 1)
(Mueller-Dombois and Ellenburg, 1974). The sociabil
ity of each plant species is estimated according to the
Braun-Blanquet sociability scale (Table 2). The data
are recorded on a Wetland Qualitative/Quantitative
Wetland Assessment Form (Fig. 2). Each quadrat is
photographed from above to visually document veg
etative cover conditions.
For each quadrat that is measured on the ROW,
a control quadrat is measured in an adjacent represen-

Source: Barbour et a t, 1987.

tative area off-ROW. This off-ROW quadrat is used to
estimate pre-construction cover and vegetative diver
sity conditions. Note that this off-ROW control quadrat
is not necessary if this method is utilized within the
wetland during the pre-construction phase.
Following field data collection, the data are an
alyzed to determine overall percent cover between
the on-ROW and off-ROW samples. Measured percent
cover for individual species are summed and extrap
olated as appropriate across the site. Quantitative re
sults measured from quadrats are combined with the
qualitative visual assessment to determine an overall
assessment of the condition and percent cover of the
wetland plant community.
Vegetation connnunity diversity
Diversity, in its simplest form, is a measure of the
number of species within a unit area. Simple diversity
based on species counts can be undesirable because it
fails to consider the relative abundance of the species
present. A more meaningful estimate of the overall di
versity of a plant population incorporates the number
of species ("species richness") and the relative abun
dance or distribution ("evenness") of the species into a
diversity model.
Due to the magnitude of large pipeline projects and
the numerous wetlands encountered, it is not possible
to identify and count every individual plant in each
wetland vegetation community. In such cases, it is
necessary to take a random sample of individuals
from the population of all species present as described
above for the percent cover quadrat sampling. Under
these circumstances, the Shannon-Weaver Index is
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PNGTS North-Section Facilities
Wetland Monitoring Form
Field Team:

Date:

Wetland No.:

T own/State/Countv:

MP/Station:

Alignment Sheet #:

Photo Roll/Frame:

Q L A LITA TIVE ASSESSM EN T
General Condition of Wetland On ROW:
Grade:

Percent Vcg. Cover:

Hydrology:

Veg. Vigor:

Soils:

Nuisance Weed Invasion:

Off-ROW Species

On-ROW Spedes
Species Code

% Cover

Species Code

% Cover

Species Code

% Cover

Sociability

Plot#

% Cover

Species Code

% Cover

% Cover

Sociability

QUANTITATIVE ASSESSM EN T
Off-ROW Species

On-ROW Species
Plot#

Species Code

Species Code

COMMENTS/RECOMMENDATIONS

Success Criteria Met?
Y es

No

Fig. 2. Qualitative/Quantitative Wetland Assessment Form.

an appropriate model for measuring diversity. The
Shannon-Weaver Index is one of the simplest and most
extensively used diversity indices in plant ecology,
and incorporates the concepts of species richness and
evenness into the model.
The formula for the Shannon-Weaver function is:

^

N(NlogioN-^fi,logion,y

where H' is the diversity index, C is the constant for
conversion of logarithms, N is the total number of
species, and n, is the number individuals of the fth
species.
Using data collected from the Releve' plots, the
Shannon Weaver diversity index is calculated for the
wetland vegetation community on the restored ROW

and for the off-ROW control. The on-ROW wetland
diversity is then compared with the off-ROW or pre
construction control. The wetland is considered suc
cessful for diversity if the restored wetland diversity
is at least 50% of the control wetland diversity.

CASE STUDY RESULTS

Using the methodologies described above, the moni
toring crews were able to successfully monitor all 1500
wetlands crossed by the Project within a three-month
time period during the summers of 1999, 2000, and
2001. Use of the Releve' sampling technique enabled
each 2 -person sampling team to survey and collect
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qualitative and quantitative data on approximately 1 0 15 wetlands per day.
Weather conditions during the field surveys con
sisted of above average femperafures and near drought
precipitation conditions. Due to the unusually low
precipitation, many wetlands showed little evidence
of wetland hydrology. Evidence of dry cracked soil
and concentrafed mineral deposits in wetland depres
sion areas were visible throughout the right-of-way.
Despite the dry conditions, the vegetation along the
right-of-way was readily identifiable with a number of
wetlands reaching nearly 1 0 0 % cover with a diverse
hydrophytic plant community.
The field surveys revealed the right-of-way fo be
generally stable and well vegetated. The grade and hy
drology of the wetlands exhibited mostly pre-construc
tion contours, with little variation in wetland vegeta
tion diversity compared to off right-of-way data points
located in similar vegetatative community types. The
vigor of the wetland vegetation was good despite
the near drought conditions. Some wetlands indicated
signs of plant stress due to the lack of normal seasonal
precipitation, however, overall the wetlands appeared
to be properly restored and progressing toward reveg
etation success.
Overall, the results after three years of field surveys
determined that 1275 (85%) wetlands contained at least
80% cover by hydrophytes with 50% or greater species
diversity compared with the off righf-of-way control
plot. An additional 225 wetlands (15%) had greater
than 50% diversity, but were just under the 80% cover
threshold.

SUMMARY

Implementation of the Wetland Vegetation Monitoring
Program was successful in evaluating the revegetation
success of wetlands along the PNGTS-Maritimes Joint
Facilities Project with regard to specific state and fed
eral permit requirements that require both qualitative
and quantitative assessment. The sampling technique
was effective in that it provided an efficient means
for sampling a large number of wetlands in relatively
little time. This was achieved through comparison of
similar vegetation community types that exist on and
off the right-of-way. Through comparison of similar
community types, the sampling technique provides an
accurate measure of species diversity, percent cover,
sociability, and plant vigor.
The general right-of-way conditions were reported
as stable and no significant erosion problems were evi
dent based on the monitoring surveys described in this
report. Approximately 85% of the wetlands were ob
served to be successfully revegetated to a hydrophytic
vegetation community. The majority of the remaining
15% of the wetlands contained hydrophytic vegeta
tion, however, the calculated species diversity and/or

percent vegetative cover was not yet high enough to
meet the success criterion. It is estimated from review
of the results and from general visual observations
conducted along the ROW, that the majority of the wet
lands will achieve the success criteria by the end of the
next growing season.
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Evaluating the Effects of Muds on Wetlands from
Horizontal Directional Drilling (HDD) Within Natural
Gas Transmission Line Rights-of-Way
David Cameron, Carl Tammi, Emily Steel, Jon Schmidt, and James Evans

Horizontal Directional Drilling (HDD) has emerged as an innovative technology for providing
alternative solutions for installing natural gas transmission lines under wetlands, waterways,
and ecologically-sensitive areas. Bentonite drilling muds are utilized in HDD applications to
keep cutting tools cool, as a lubricant, to remove cuttings, and to confine liquids by creating an
impervious coating on the inside wall of a drill hole. However, drill muds can seep up through
fractures in the upper soil profile (inadvertent returns), and, in the case of wetlands, potentially
into the saturated or inundated root zone. This may present significant implications from a
wetlands impact perspective, both physically and functionally, which may ultimately trigger
increased scrutiny under wetlands regulatory programs as the seeping bentonite may be mildly
toxic or constitute a deposit of dredged orfill material. The purpose of this research was to evaluate
the potential effects that bentonite-based drilling muds may have on wetlands, and to assess
whether these muds can be naturally attenuated within the wetland ecosystem. The research
included a literature review, as well as a survey of industry, contractors, and the regulatory
community to assess permit conditions and perceived environmental impacts and to identify
mitigation measures for effectively managing inadvertent returns. Screening criteria for permit
relevancy included scientific and technical validity, implementation, and cost factors. Five study
sites in Michigan, Ohio, and Alabama were evaluated to further assess the scope of environmental
concerns and the efficacy of mitigation measures. Field parameters assessed included monitoring
wetlands vegetation, observation of hydrologic condition, soils, and select functional parameters
through periods of seasonal succession to evaluate recuperative processes. None of the five field
sites displayed significant long-term impacts as a result of the bentonite discharges. However, in
some instances, minor structural changes were observed. The level of impact was in part due to
the nature and extent of the clean-up procedures. Discrepancies exist between perceived impacts
from the inadvertent return of HDD drill muds and field data recorded at study locations.
Keywords-. Drill fluid, inadvertent returns, bentonite, impacts, pipeline

INTRODUCTION

This research project was developed to investigate
existing knowledge and provide technical informa
tion relative to the rapidly growing implementation
of Horizontal Directional Drilling (HDD) technology
for natural gas transmission line crossings of vege
tated wetlands. Use of HDD crossing methods for

Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

ecologically sensitive areas including vegetated wet
lands is increasingly common, however, prior to this
research project little data had been gathered to deter
mine potential environmental impacts associated with
inadvertent returns of bentonite muds into vegetated
wetlands when these muds are used as fluids in HDD
applications.
Bentonite is a term used to describe any natural
material composed primarily of the clay minerals of
the smectite group. Bentonite has a wide variety of
physical properties making it a suitable substance for
several commercial uses and applications. Sodium or
Wyoming bentonite is a high-swelling variety used in
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Fig. 1. HDD Drilling Fluid Flow schematic.

drilling muds to cool cutting tools, remove cuttings,
lubricate the drill bit, and to confine liquids to the
borehole, helping to prevent releases or "frac-outs" by
creating an impervious coating on the wall of the drill
hole (Hosterman and Patterson, 1992). A schematic
cross-section depicting the set-up of a direcfional bore
procedure is shown in Fig. 1 (GRI Topical Reporf
99/0132).
The research program was designed to assess ex
isting information on HDD and drill mud returns as
they relate to vegetated wetlands and to investigate
actual sites where bentonite returns have occurred in
wetlands, with a goal of supplementing available liter
ature with actual project-specific data. Several discrete
tasks were conducted to achieve the research target,
including a literature search, a survey of indusfry pro
fessionals and regulatory personnel who use or permit
HDD technology, evaluation of typical permit con
ditions stipulated for HDD crossings and mitigafion
measures implemented in the event of an inadvertent
release, and comprehensive field invesfigations.

METHODS

At the inception of this research program, it was an
ticipated that there was little published data directly
addressing the potential impacts of bentonite on wet
lands. Therefore, a comprehensive research program
was adopted to evaluate available information and
data and design the field investigation component to
address informational gaps or discrepancies.

muds. Inifially, over 1000 potenfially relevant article
titles from the database and Internet searches were
identified. Initial screening of these titles resulted in
the incorporation of approximately 2 0 0 of fhe mosf
relevanf fitles info a database, and the subsequent
formal review of 1 1 0 abstract or full text items.
Survey

Following the literature search, a matrix of profes
sionals from Nafural Gas Transmission Line (NGTL)
companies, HDD confractors, and regulatory agen
cies was developed. A questionnaire was forwarded
to the contacts to collect information relative to their
experience with HDD and wetlands and to obtain
data about potential effects of bentonite releases in
wetlands. Individuals whose responses to the survey
questionnaires indicated they had significant experi
ence with HDD were contacted for detailed follow-up
interviews. Information obtained from fhese individ
uals included geographic locafion, type of crossing,
geotechnical data, wetlands classification, size of bore
hole, and esfimated volume of drill mud release.
The follow-up interviews requested examples of
typical permit conditions or mitigation measures for
inadverfenf benfonife returns to a wetland and an
assessment of the efficacy of the permit condition or
mitigation measure. This information was evaluated
pursuant to the federal guidelines for Section 404(b)(1)
of the Clean Water Act (Guidelines for Specification of
Disposal Sites for Dredged or Fill Material — 40 CFR
230; 45 FR 85344, fuh/ 1, 1991), the most applicable
federal regulations available for use in the context of
an inadvertent release.

Literature search

The literature search was conducted using the Internet
and a database search system to locate articles and
papers addressing the impacts on wetlands from HDD

Field investigations

Following the gathering of background data described
above, field investigations were conducted in 1998
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and 1999 at five sites that experienced inadvertent
returns of bentonite in wetlands from HDD. NGTL
companies in the US provided access to sites in both
coastal and freshwater vegetated wetlands located in
coastal and central Alabama, southeastern Michigan,
and north-central Ohio. Field study sites were selected
based on several factors, including surface area of
returns, wetland type, available property access, ge
ographical location, cleanup operations, and date of
inadvertent return. Sites were selected that had experi
enced relatively sizable returns (greater than or equal
to 1 0 , 0 0 0 ft^) to a depth of six or more inches in most
cases. In addition, sites were selected based on relative
dates of bentonite return events, allowing for compar
ison of site recovery based on time elapsed since the
inadvertent return. Deposition of drill muds occurred
at the sites in 1994,1996, and 1998 (3 sites).
Vegetation and soils monitoring plots were estab
lished within linear belt transects where practicable,
however, the presence of surface water at two of the
five sites precluded the establishment of linear tran
sects. Random plots were established to avoid inac
cessible open water areas. Multiple 1 m x 1 m (m^)
monitoring plots were established at each site en
compassing the extent of visible impact for the semiquantitative documentation of total and relative per
cent areal cover of vegetation, species richness, and soil
profile analyses. Plot locations were selected to reflect
severe impact, moderate impact, and the periphery of
visible impact from drill muds. In addition, control
plots were established at each site in areas reflective
of conditions undisturbed by the drill mud release, but
within close enough proximity to the impact area to en
compass vegetative communities and hydrology. The
overall vegetative community at each site was evalu
ated for signs of stress (e.g., dieback, stunted growth,
leaf wilt, etc.), and a qualitative wetlands functional as
sessment was conducted. Wetland functions evaluated
included wildlife and aquatic species habitat; flood
storage and attenuation; nutrient removal and trans
formation; sediment stabilization and entrapment; and
water quality.
Vegetation assessment

Vegetational assessment included determining the per
cent areal cover of all defined strata (tree, liana, sapling,
shrub, and seedlings and herbs) using the Ocular Es
timation o f Cover Technique (Hays, et al., 1981). During
vegetation monitoring, special attention was given to
documenting areas of the study sites that appeared
structurally impaired (evidence of vegetation smoth
ering, compaction, removal, or other alteration) based
on inadvertent drill mud returns. Impacts were con
sidered apparent when live wetlands vegetation was
smothered by returns, displaced by upland or invasive
species, or where growth was impaired relative to con
trol plots due to surficial bentonite deposits.
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Soil profile evaluation

Where possible, soils at each plot were examined to a
depth of 18-20 in. (45 cm), using a hand auger. Soil
colors were recorded using Munsell Soil Color Charts
(Kollmorgen Corp., 1975) and the USDA/SCS soil
textures were also determined for each soil boring.
Hydric soils were considered to be present when the
mandatory technical criteria of the 1987 US Army
Corps of Engineers (Corps) Manual were satisfied,
such as evidence of an aquic or peraquic moisture
regime, sulfidic material, or gleyed, mottled, and/or
low chroma soils. Each soil sample was examined
for the presence of bentonite clay, disturbance, or
inconsistencies within the soil profile that may have
been related to displacement of subsoils to the surface
from HDD mud intrusion in the subsurface.
Functional impact assessment

A qualitative wetlands functional assessment was con
ducted at each site during each inspection. Potential
impacts were based on direct evidence that certain
wetland functions may be affected as a result of in
advertent returns. A brief description of the functions
considered during this evaluation are described below
and have been adapted from the US Army Corps of
Engineers Wetlands Functions & Values: A Descriptive
Approach (WES) (US ACOE, 1987) and A Rapid Pro
cedure for Assessing Wetland Functional Capacity Based
on Hydrogeomorphic Classification (Magee and Hollands,
1998):
Wildlife and aquatic species habitat
This function considers the ability and resultant effec
tiveness of a wetland to provide habitat for various
types of populations of animals typically associated
with both the aquatic and wetland edge habitats. This
function was considered to be affected by HDD returns
if large expanses of hardened clays were observed over
formerly organic wetland soils, if features such as a
bank were altered by mud deposits, if significant areas
appeared unvegetated due to returns, or if expected
(common) wildlife species were not present or evi
dent.
Flood storage and attenuation
Wetlands function to reduce flood damage to areas of
social importance by attenuating floodwaters for pro
longed periods following precipitation events. Each
site was inspected for large expanses of hardened
spoils and returns to determine whether a change in
infiltration of floodwaters resulted from deposition of
inadvertent returns. Documentation also included ar
eas where returns occupied potential flood storage
space, or potentially acted to obstruct or divert high
flows.
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Nutrient removal and transformation
Excess nutrients may be prevented from entering aqui
fers or surface waters such as ponds, lakes, streams,
rivers, or estuaries by first being transported through
wetlands. Nutrient removal and transformation in
wetlands is largely a function of fhe abundance of
emergent vegetation which acts as a medium for
nutrient uptake. During each monitoring event, areas
were documented within the study sites which had
experienced significant dieback of vegetation due to
smothering from bentonite.
Sediment stabilization and entrapment
This function relates to the ability of a wetland to sta
bilize stream bank shorelines against erosion, and to
protect downstream receiving waters from fhe effects
of turbidity and suspended particles. As such, obser
vations were made at each site relative to vegetation
adjacent to streambanks that may have been impaired
due to inadvertent HDD returns. In addition, areas
were documented where of the vegetative community
had been damaged thereby reducing the wetland's
ability to trap sedimentary particles within emergent
or aquatic vegetation.
Water quality
This function is inclusive of a wetland's potential to
serve as a groundwater recharge and/or discharge
area as well as the effectiveness of a wetland to re
duce or prevent the degradation of water quality by
trapping toxicants and pathogens (Ehrlich and Roughgarden, 1987). Organic wetland soils significantly con
tribute to a watershed's ability to trap and/or uptake
toxicants. Consequently, areas were noted at each site
where unmitigated returns of bentonite had displaced
(buried) such soils. In addition, turbidity of surface
waters present at each site was assessed to determine
whether the turbidity was associated with bentonite
returns.

RESULTS

Results of the Literature Survey indicated a scarcity
of published information regarding potential effects
of bentonite HDD fluid deposition on palustrine wet
lands. Of the 110 abstracts or full-text items reviewed,
a total of 30 were determined to be directly related to
the project. Relevant articles concluded that bentonite
drilling fluids are biologically and chemically inert and
non-toxic, and that deposition of bentonite in veg
etated wetlands generally does not create structural
impacts (vegetative structure or condition changes) for
the long-term if proper cleanup operations are im
plemented. However, some literature suggested that
the deposition of bentonite in standing or flowing
water may affect the egg and larval development of
amphibians, smother fish spawning beds (or other

habitats sensitive to sedimentation), or negatively im
pact benthic macroinvertebrate populations (Land and
Bernard, 1974). Although temporary impacts to wet
lands will occur during typical HDD project mobiliza
tion activities, as well as during removal of inadvertent
returns, the use of HDD technology can be gener
ally less environmentally intrusive than using conven
tional trenching methods to install pipelines across a
wetland (Luginbuhl and Gartman, 1995).
The results of the questionnaire and interview com
ponent of the project indicated that among contacts
with demonstrated relevant experience and who have
developed an informed opinion, bentonite mud as
used in HDD applications is not considered to be
especially hazardous to wetlands. The majority of
responses indicated that HDD is perceived as the
least damaging crossing technology, although there are
some associated environmental concerns. Contacts pri
marily believed that bentonite is non-toxic, but may
present other types of impacfs (i.e. physical and func
tional) such as alteration of wetland microtopography,
sedimentation and physical smothering of wetland
vegetation. Concerns expressed by several individu
als included chemical and biological impacts such as
clogging of fish gills, facilitafing the toxicity of cer
tain metals, or the impairment to certain amphibian life
stages. Contacts in regulatory agencies generally were
under the impression that inadvertent returns are rel
atively uncommon (less than 25% of the time) in HDD
operations while NGTL contacts estimated frequencies
of 50% or greater. Only one contractor of four believed
that inadvertent returns occurred greater than 50% of
fhe time. The distribution of perceived frequency of
inadvertent returns from HDD at a regulatory level
has direct implications relative to its required imple
mentation as a crossing method. However, the overall
consensus of interviewed contacts was that the pri
mary environmental concern relative to inadvertent
bentonite returns in wetlands is from siltation, sedi
mentation, smothering, and turbidity concerns.
Examples of commonly encountered or issued per
mit conditions included installation of silt fence and
hay bales around the bore entry and exit pits, mon
itoring for loss of mud during drilling operations,
indication of minimum drilling depfh, wafer quality
monitoring during bore advancement, prohibition of
discharge of drill fluids to wetlands or waterbodies,
and removal of released muds through vacuuming
or shoveling. Many of the suggested or commonly
issued permit conditions are justified relative to ap
plicable regulatory guidelines, while some appear to
be excessive and not technically based. Permit con
ditions determined to be relevant correspond closely
to the general requirements placed on any type of
project associated with the potential disturbance of
jurisdictional wetlands. No standard Federal Energy
Regulatory Commission (FERC) or Corps permit con
ditions were identified with respect to HDD and wet
lands. A list of mitigation measures that were generally
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Fig. 2. Representative inadvertent returns mitigation measures: Plan view.

deemed appropriate was synthesized and formulated
into a generalized pre-construction Contingency Plan.
If a pre-approved Contingency Plan is in place, ambi
guities associated with mitigation and cleanup mea
sures will theoretically be eliminated, saving NGTLs
time and resources, and reducing impacts to wetlands
and aquatic resources. Relevant mitigation measures
consist of reasonable regulatory requests that would
typically be associated with any project proposed in
or in the immediate proximity of wetlands, such as re
moval of released muds by shoveling or vacuuming,
dilution of bentonite returns by washing with water,
and construction of containment areas by using hay
bales, booms or sandbags. Fig. 2 (GRI Topical Report
99/0132) depicts commonly used mitigation measures
in the event of an inadvertent return to a vegetated
wetland as would be typically implemented during in
stallation of a natural gas pipeline.
Results of the field investigations at the five sites se
lected for this study provide a technical basis which
supports and supplements the information gathered
in the preliminary background tasks. All of the sites
experienced surface deposits of bentonite which were
subsequently removed, and one site additionally ex
perienced significant volumes of subsurface deposits
which resulted in the upheaval of the wetland sur
face soils. Based on the investigations of the five sites
studied, the following observations were made regard
ing potential impacts to wetlands vegetation, soils, and
functions.

Vegetation

Table 1 summarizes the results of vegetation monitor
ing at each of the five study sites. Following removal of
drill muds from the surface of vegetated wetlands, the
floral community generally rebounds fully within one
to several growing seasons. Vegetative recovery occurs
in terms of general diversity, total percent areal cover,
and density of the overall plant community. Impact ar
eas within all wetland sites displayed a dominance of
hydrophytic vegetation. Upland and/or invasive pi
oneer species did not displace pre-existing wetlands
vegetation at any of the sites as a result of HDD
returns, and pre-existing species generally remained
present.
Vegetative colonization and success of hydrophytic
vegetation does not appear to be impaired by ben
tonite drill muds. These parameters were especially
evidenced at an upland drill mud disposal/dispersal
area at one of the field sites. At the subject site, total
areal cover and percentage of hydrophytes was sig
nificantly greater within the deposit area compared to
similar data collected within the control transect. It is
interesting to note that the bentonite in this disposal
area appeared to be contributing to a proliferation of
hydrophytes within an upland field. This phenom
enon is likely due to cleanup measures resulting in the
collection of hydrophytic plant material, and the soil
moisture retaining capabilities of the deposited ben
tonite clays.
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Table 1. Summarized results of vegetation monitoring

Site ID

Year of bentonite
deposit and
removal

#1 — Dauphin Island,
Alabama

1998

#2 — Portersville
Bay, Alabama

1998

#3

— Perry County,
Alabama

Prevalent
species

Average percent
areal cover of m^
study quadrats during
final monitoring event

Average percent
areal cover of m^
control quadrats during
final monitoring event

66

104

42

88

94

120

105

88

116

N/A*

P a n ic u m r e p e n s
H y d r o c o t y le b o n a r ie n s is
j u n c u s r m n e ria n u s
S p a r tin a a lt e r n iflo r a

1998

J u n c u s e ffu s u s
L e e r s ia o r y z o id e s
P o ly g o n u m p e n s y l v a n k u m
C arex

#4 — Macomb
County, Michigan

1996

spp.

Im p a tie n s c a p e n s is
V erb en a h a s t a t a
C a r e x la c u s tr is
C a r e x s tr ic ta

#5 — Lorain County,
Ohio

1994

L y s im a c h ia n u m m u la r ia
V ib u r n u m r e c o g n it u m
C orn u s racem osa
J u n c u s e ffu s u s

*Data used from historic study conducted by others; no control plots established.

Table 2. Soils monitoring results from select monitoring plots
Site ID

Soils data from representative m^ monitoring quadrats
Sample depth
(cm)

Munsell
color

USDA
texture

Residual bentonite
present in soil profile?

#1 — Dauphin Island, Alabama

0-1
1-16
16-40

10YR2/1
lOYR 3/2
10YR3/1

Sapric
Sandy, clay loam
Sandy loam

No
No
No

#2 — Portersville Bay, Alabama

0-2
2-16
16-40

10YR2/1
10YR3/2
10YR3/1

Sapric
Sandy, clav loam
Sandy loam

No
No
No

#3 — Perry County, Alabama

0-10
10-30
30+

Gleyed
10YR2/1
lOYR 5/3

Clay (bentonite)
Sapric
Sandy, clay loam

Yes
No
No

#4 — Macomb County, Michigan

0-30
30-45

lOYR 2/2
10 YR2/1

Hemic
Sapric

No
No

#5 — Lorain County, Ohio

0-25
25-30

lOYR 5/1
lOYR 4/1

Silt loam
Silt loam

Yes
Yes

Soils

Table 2 provides the soils data for selected profiles
at each of the five study sites. With the exception of
site #3, residual bentonite was virtually undetectable
at the wetland surfaces, as well as within the soil pro
files. One site experienced displacement of the soil
profile due to a significant change in the wetland sur
face elevation. The topographical rise was the result
of subsurface pressure created by drill mud releases,
and changed the hydrology of the shallow root zone.
Although the relative landscape position and soil pro
file was altered at this site, the jurisdictional wetland
boundary did not change (the soil remained hydric).

At another site, small isolated pockets of bentonite
mud up to 1 0 cm remained at the site even after one
full growing season of the initial release. These ar
eas became naturally and densely vegetated rapidly.
Wetland areas at each site subject to disturbance from
cleanup machinery showed no discernable long-term
impacts to soils and vegetation.
Wetland functions

In general, wetland functions did not appear compro
mised at the study sites as a result of HDD returns.
However, the site at which the ground elevation was
changed due to upheaval from drill mud intrusion
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Table 3. Summarized results of wetland functional assessments
Site ID

Function/potential impairment from HDD muds
Wildlife and
aquatic species
habitat

Flood
storage and
attenuation

Nutrient
removal and
transformation

Sediment
stabilization and
entrapment

#1 — Dauphin
Island,
Alabama

Water
quality

Possible
downstream
sedimentation
due to
hurricane
influence
X

#2 — Portersville
Bay,
Alabama

X

No long-term impacts.
Small site with rapid
cleanup. Washing away
of muds by Hurricane
Georges.

Large area of marsh
vegetation gradually
rebounding from impacts
of mud deposition, but
cover stiU sparse.
No visible impairment as
a result of HDD
activities.

#3 — Perry
County,
Alabama
#4 — Macomb
County,
Michigan

Comments/
rationale

X

Only neghgible
influences on flood flow.
Small section of creek
diverted as a result of
HDD impact.

#5 — Lorain
County,
Ohio

No visible impairment as
a result of HDD
activities.

X — indicative of p o t e n t ia l functional impairment.

displayed minor impacts relative to flood storage and
attenuation, as a "mound" was heaved up within the
wetland and a section of a pre-existing stream channel
was effectively dammed and diverted. Table 3 summa
rizes the results of the wetland functional assessments
conducted at the five study sites.

CONCLUSIONS

A lack of widespread quantitative data or case study
literature exists documenting potential short or long
term effects of bentonite on vegetated wetlands. Lit
erature reviewed generally indicated that bentonite is
chemically and biologically inert, but may have phys
ical impacts to sensitive wetlands biota. Site-specific
review of individual wetlands crossings is recom
mended prior to selection of crossing technology.
Concerns expressed by the professionals contacted
for the survey are supported by information from the
literature search which indicated that bentonite appar
ently does not stay in suspension for long periods of
time, and the settling of bentonite and other drilling
fluids solids has been determined to be a concern
for benthic fauna. There is an overall perception that
short-term impacts to vegetated wetland communi
ties can occur from inadvertent returns of bentonite
drilling muds. However, there is an acknowledgement

that there is a lack of reliable, quantitative monitoring
data to support this assertion. Many contacts knowl
edgeable and experienced with HDD inadvertent re
turns had different opinions and perceptions about the
potential for short and long-term impacts to wetlands.
Despite varied opinions, there is little available quanti
tative data to provide technical backup to the opinions
expressed. Certain mitigation measures identified as
commonly used or required are relevant to the federal
guidelines, while others are not.
Based on the data collected during the field compo
nent of this study it does not appear that significant
long-term impacts are incurred on the vegetative com
munity or soils from inadvertent bentonite releases
to vegetated wetlands, provided that the bentonite is
removed. Pre-existing vegetative species are not nec
essarily displaced as a result of drill mud releases.
Vegetative colonization and success of hydrophytic
vegetation does not appear to be impaired by bentonite
drill muds. In general, wetland functions did not ap
pear compromised at the study sites as a result of HDD
returns.

RECOMMENDATIONS

From a research standpoint, a data gap still exists as all
removable bentonite deposits were dealt with at sites
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investigated under this research program, and no data
were acquired from sites that had not been cleaned.
In addition, under this study little differentiation can
be made relative to the recovery of herbaceous ver
sus woody vegetation, as each study site was largely
composed of herbaceous vegetation. Another relevant
parameter not investigated under this research, but
worthy of study is benthic infauna. As inadvertent re
turns are deposited and in many cases displace, bury,
or otherwise disturb surface sediments in wetlands,
the macroinvertebrate community may be affected, at
least in the short term. Sampling and analysis of sur
face soils with the intent to document gradual changes
in the benthic infaunal community would augment the
data collected thus far under this research.
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A C o m p a ra tive A ss e s s m e n t of H orizon tal
D irectional D rilling and Traditional C o n stru ctio n
T ech n iq u es for W etland and R iparian A rea
C ro ssin g s in N atural G as P ip elin e R igh ts-of-W ay

John Hair, David Cameron, Cari Tammi, Emiiy Steei,
Jon Schmidt, and James Evans

Horizontal Directional Drilling (HDD) is increasingly advocated as the preferred, and often re
quired, construction method (as opposed to traditional trenching) for natural gas transmission
line crossings of ecologically-sensitive areas including wetlands and riparian areas. As a result,
a closer look at the technical rationale, environmental and cost implications, and construction
procedures in these areas is required to determine the benefits and drawbacks of these cross
ing techniques. The focus of this evaluahon was to examine crossing techniques such as the
traditional open-cut trenching and HDD in the context of the above-mentioned criteria. Vari
ables common to both crossing technologies which were evaluated included assessing physical
elements such as landform and subsurface conditions and limitations; operational components
such as workspace requirements, staging area locations, and equipment mobilization; engineer
ing design; manpower requirements; and ecological restoration. Representative cost comparisons
were developed and correlated with matrices of potential environmental concerns. This compar
ative analysis can be used as a template to assist plarmers, designers and permitting specialists in
decision-making relative to application and implementation of these construction techniques.
Keywords'. Drill method, inadvertent returns, bentonite, engineering limitations, cost

INTRODUCTION

This research project was initiated to compare Hori
zontal Directional Drilling (HDD) with conventional
trenching methods for pipeline crossings of vegetated
wetlands in terms of potential environmental impact,
technical rationale, and cost implications. Crossing
methods investigated included Trench and Lay, Trench
and Push, and HDD. Use of HDD as a crossing method
is increasingly common and is frequently required by
regulatory agencies. As HDD technology evolves and
is increasingly required by agencies, it is necessary
to evaluate this technology relative to existing cross
ing methods to determine the optimal construction

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

method to use at a given wetland crossing. The pri
mary differences in the aforementioned technologies
are presented, demonstrating that a certain construc
tion method may be appropriate for each project.

BACKGROUND OF PIPELINE INSTALLATION METHODS
AND RESEARCH METHODOLOGY

The pertinent aspects of HDD, conventional trench and
lay, and conventional trench and push construction
methods for wetland crossings are briefly described
herein, to provide a basis for the crossing method
comparison.
Horizontal directional drilling
Installation of a pipeline by HDD is generally achieved
in three stages: pilot hole drilling, reaming, and pulling
back (Fig. 1). Pilot hole drilling involves directionally
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Fig. 1. HDD drilling fluid flow schematic.

drilling (from an upland location) a small diameter
pilot hole along a designated directional path. The
drill path can be changed after the drill is advanced,
if necessary. In soft soils, drilling progress is often
achieved by hydraulic cutting with a jet nozzle. For
harder soils, downhole hydraulic motors (mud mo
tors) provide mechanical cutting action by converting
hydraulic energy from drilling mud pumped from the
surface to mechanical energy at the bit. The actual path
of the pilot hole is monitored during drilling by pe
riodic readings of a probe inserted in a drill collar as
close as possible to the drill bit. Readings of the in
clination and azimuth of the leading edge of the drill
are taken in conjunction with measurements of the dis
tance drilled since the last survey. These are used to
calculate the horizontal and vertical coordinates along
the pilot hole relative to the initial entry point on the
surface. The pilot hole path may also be tracked using
a surface monitoring system which determines the lo
cation of the probe downhole by taking measurements
from a grid or point on the surface.
The second stage of HDD involves enlarging the
pilot hole to a diameter which will accommodate the
pipe (reaming). The pilot hole is enlarged using one
or more reaming passes prior to pipe installation. In a
typical reaming pass, reamers are attached to the drill
string at the exit point of the directional drill and are
rotated and drawn back through the pilot hole to the
drilling rig, enlarging the pilot hole. The exit point is
located in uplands on the opposite side of the wetland
from the entrance point. A string of pipe is always
maintained in the drilled hole. It is also possible to
ream away from the drill rig, in which case, reamers
fitted into the drill string at the rig are rotated and
pulled away from it by a piece of equipment at the exit
point of the pilot hole.

The third stage of HDD consists of pulling the
pipe back into the reamed hole. After reaming is
completed, a prefabricated pipeline pull section is
attached behind a reaming assembly at the exit point
of the pilot hole, and the reaming assembly and
pipeline section are pulled back to the drilling rig. For
smaller diameter lines in soft soils, the pipeline can
be pulled back directly after completion of the pilot
hole, skipping the reaming step. The pull section is
supported using a combination of roller stands, pipe
handling equipment, or a flotation ditch to minimize
tension and prevent damage to the pipe.
Trench and lay
Trench and lay is the most common form of pipeline
construction. It is utilized to install pipelines in all
types of terrain where dry or otherwise "drivable"
land access is available. This pipeline installation meth
od consists of excavating a trench, welding a pipeline
along and above the trench, lowering the pipeline into
the trench, and backfilling the trench (Fig. 2). Trench
and lay installation across a wetland is generally ac
complished with six distinct construction operations:
clearing and grading, ditching, hauling and stringing,
welding, lowering-in, and backfilling.
Clearing and grading involves preparing the rightof-way for equipment access. A substantial amount of
grading is usually not required in wetlands as they
are typically physiographically low and have negligi
ble relief. The amount of vegetation clearing required
in wetlands is largely dependent on the wetland type.
Required clearing is greater in wetlands characterized
by forested and/or scrub-shrub vegetative communi
ties compared to wetlands colonized with emergent or
otherwise herbaceous species.
Trench excavation is accomplished with either a
ditching machine or a track-mounted backhoe. Trench
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Fig. 2. Typical trench layout and right-of-way cross section.

spoil is placed to the side of the ditch for use as backfill.
Blasting may be required if rock is encountered which
cannot be mechanically removed, although near-surface rock is not generally found beneath vegetated
wetlands.
In the trench and lay method, the pipeline is welded
together above the ditch. Joints of pipe, typically 40
feet in length, are set in place above the ditch by
stringing trucks in preparation for welding. The trucks
drive, or are towed, down the right-of-way. As they
progress, a side boom lifts the individual joints of pipe
off of the trailers and places them in line above the
ditch. Pipe welding is completed in place, and the pipe
is subsequently lowered into the ditch by two or more
side boom tractors. The side booms travel down the
right-of-way lifting the pipeline from the ditch bank
and setting it in place on the ditch bottom.
Backfilling involves placing excavated spoil on and
around the pipe. If the spoil cannot be recovered or is
not suitable for backfill, appropriate material must be
imported. Backfilling can be accomplished by bulldoz
ers or specialized machines designed specifically for
that purpose.
Trench and push
Trench and push is a specialized form of pipeline con
struction developed to install pipelines across emer
gent wetlands and shallow open water areas. The pres
ence of surface water allows the pipeline to be floated
into the ditch, which in turn reduces space require
ments for operations along the right-of-way (ROW). In
contrast to the trench and lay method, welding takes
place at a stationary location at one end of trench and
the welded pipeline is pushed into the ditch. Three
operations are required for trench and push: ditching,
welding and pushing, and backfilling. Clearing and
grading is generally not required due to the flat and
open nature of emergent wetlands.

Excavation is accomplished by equipment, com
monly specialized "marsh" backhoes, capable of work
ing in standing water or high water table conditions.
Marsh backhoes are hydraulically operated backhoes
mounted on very low ground-pressure tracked vehi
cles capable of operating in very soft ground con
ditions, and will float if moved into standing water.
Excavation in standing water is typically carried out
by backhoes or draglines supported on small barges.
The size of the ditch must be increased to allow move
ment of the barge, therefore barge size is kept to the
minimum possible to keep workspace requirements as
small as possible. Ditching machines cannot be used in
high water table conditions.
All welding operations take place at one push site.
The basic operations are the same as those involved
with trench and lay with the exception that the assem
bly line is stationary with single joints of pipe moving
in one end and a continuously welded pipeline being
pushed out the other. Pushing typically takes place via
rollers from a suitable upland location at one end of the
crossing (Fig. 3).
Backfilling is accomplished by the same specialized
marsh backhoes used to excavate the ditch, due to
standing water or high water table conditions. Achiev
ing good backfill in standing water conditions can be
complicated because of the difficulty involved with re
covering wet excavated spoil.
Representative costs

Installation cost estimates for the three construction
methods and cost estimates of inadvertent return
clean-up operations were examined as part of this
research. Installation cost estimates were produced
for typical wetland crossings in three diameters (1 2 -,
24-, and 36-in) and four lengths (1000, 2000, 3000,
and 4000 feet). Variance of diameter and length allows
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Fig. 3. Typical trench and push right-of-way plan view.

comparison of each method's cost over the majority
of foreseeable applications. Inadvertent return clean
up operations have been estimated for three differ
ing scenarios, including typical contractor's cost. Typ
ical owner's costs, such as line pipe, engineering,
right-of-way, permits, etc. are not included. HDD and
trench and push wetland crossings on a cross-country
pipeline are separate operations from the pipeline in
stallation. Therefore, the cost estimate for these meth
ods includes establishment tasks such as mobilization
and site preparation. A trench and lay wetland cross
ing on a cross-country pipeline does not need to be
mobilized separately from other pipe installation op
erations. Therefore, the comparative cost estimate de
veloped for this crossing method does not account
for establishment tasks such as mobilization and site
preparation. Costs are generally estimated as an exten
sion of the adjacent cross-country pipe laying opera
tions.
Inativertent fluui release clean-up
For the purposes of estimating cost of drill fluid clean
up operations, three options for mud removal related
to access limitations and clean-up urgency were eval
uated. Certain assumptions were made relative to the
inadvertent release in order to compare the different
removal methods:
- The inadvertent fluid release occurs during pilot
hole drilling;
- Sixty percent of fhe fluid used during drilling is losf
to the ground surface during a 1 0 -hour shift;
- The inadvertent fluid release location is 500 feet
away from the working location;
- The inadvertent release initially goes unnoticed and
spreads to an area of 50 feef by 50 feet prior to
containment;
- The general wetland characteristics are fixed;

The drill fluid release is moved from the area of
concern to an excavated sump or holding tank at the
work site; and
The sump is accessible to heavy equipment for
final disposal using land farming or mix and bury
methods.

RESULTS
Potential environmental impacts

Environmental impacts were evaluated relative to each
of the three wetland crossing construction methods.
Horizontal directional drilling
In many cases, crossing a wetland using HDD has sig
nificantly less environmental impact than that associ
ated with construction by trench and lay or trench and
push. Nevertheless, impact due to HDD occurs and is
related to workspace and drilling fluids. Workspace re
quirements for HDD require clearing and grading to
allow movement along the ROW and equipment stag
ing areas. Approximately seven tractor-trailer loads
and a workspace of 150 feet by 250 feet is adequate for
most typical large horizontal drilling rig operations. It
is possible to decrease the workspace for the rig as
sembly to 60 feet by 150 feet if necessary. However,
minimal workspace restricts the size and capacity of
the drilling rig. HDD equipment is typically supported
on the ground surface in uplands adjacent to the area
to be drilled. Timber mats may be used where soft
ground is encountered, but if fhe sensifive area to be
crossed is a wetland, staging of the drill rig will be lim
ited to uplands.
Pipe pull section fabrication is accomplished using
the same construction methods used to lay a pipeline.
Therefore, similar workspace is required with the

Wetland and riparian area crossings in natural gas pipeline

exception that no space is required for the ditch
and spoil. The location of pull section fabrication
workspace is determined by the drilled segment exit
point, as space must be available to allow the pipe
to be fed into the drilled hole. It is preferable to
have workspace in line with the drilled segment and
extending back from the exit point two hundred feet
further than the length of the pull section, allowing
the pull section to be prefabricated in one continuous
length prior to installation. If space is not available,
the pull section may be fabricated in two or more
sections that are welded together during installation.
The pull section fabrication workspace must be cleared
but need not be graded level. Equipment is typically
supported on the ground surface and timber mats may
be used where soft ground is encountered.
The primary impact of HDD on the environment
is due to the uncontrolled subsurface discharge of
drilling fluids. Drilling fluids flow in the path of
least resistance, which can mean dispersal into the
surrounding soils or discharge to the surface at a
random location. Drilling parameters may be adjusted
to maximize circulation and minimize the risk of
inadvertent returns, however, the possibility of lost
circulation and inadvertent returns cannot be totally
eliminated. Inadvertent returns are more likely to
occur in soils with low-permeability or pre-existing
flow paths, such as fractured rock. Coarse-grained,
permeable soils tend to absorb circulation losses, while
manmade features such as exploratory boreholes or
piles may serve as conduits to the surface for drilling
fluids.
Drilling fluids utilized in HDD applications are
largely composed of bentonite clay and fresh water
(AGA, 1994). Based on the research available to date,
the primary impacts to wetlands associated with HDD
drilling fluids appear to be from sedimentation and
turbidity increases incurred on surface water bodies.
Although bentonite is chemically non-toxic to aquatic
life, large volumes of drilling mud returns to sensitive
ecological areas can smother vegetation and macroin
vertebrate habitat, affect the filter-feeding processes
utilized by certain aquatic organisms, and interfere
with reproduction and larval development of fish and
amphibians (Falk and Lawrence, 1973).
In comparison to the other two construction tech
nologies evaluated under this task, the relative envi
ronmental impact from HDD is largely a factor of the
frequency of which sizable returns occur, and whether
or not they are removed from the affected area. No
available data exist relative to the frequency of in
advertent returns, as their chance of occurrence is
determined by multiple factors. However, anectodal
evidence from NGTLs and HDD contractors suggests
that sizable mud returns may occur in more than 50%
of all drills. In terms of clean-up operations, evidence
suggests that the long-term impacts of mud returns
in wetlands are reduced by prompt and complete
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removal of muds. This contention is based on consid
eration of the wetland functions of water quality, flood
storage and attenuation, wildlife and aquatic species
habitat, floodflow alteration, and nutrient removal and
transformation. Cleanup of HDD muds in wetlands
typically involves the use of heavy equipment, which
may result in surface soil disturbance and compaction,
vegetation clearing, or other physical damage to the
vegetative community. In addition, introducing heavy
machinery into wetlands for cleanup operations may
pose the potential for fuel oil releases.
Trench and lay
The trench and lay method produces the greatest im
pact to the wetland being crossed in that all construc
tion activities occur within the wetland. The equip
ment typically operates on the ground surface, and the
right-of-way must be cleared. Topsoil may be stripped
and stockpiled for post-construction restoration. The
widths of the ditch and spoil pile depend on soil condi
tions. In a vegetated wetland setting, timber or swamp
mats must be used to support construction equipment
used to excavate the trench and lay the pipe. Soils
generated from the excavation are typically sidecast
next to the trench and then used again as backfill
material. Impacts resulting from a wetland crossing
using the trench and lay construction method include
potential sedimentation of surface waters from the dis
persal of sidecast materials, soil compaction due to the
placement of swamp mats and movement of heavy
equipment in the wetland, and soil profile disturbance
from excavation and backfill activities. Sedimentation
of surface waters may not be problematic in seasonally
saturated wetlands, but could pose substantial impacts
to a wetland that is periodically flooded, or if the
wetland is subject to sudden storm events. Vegetation
clearing in wetlands for this construction method is de
pendent on the wetland type; wetlands characterized
by forested and/or scrub-shrub vegetative communi
ties are subject to greater impacts from clearing than
are wetlands dominated by emergent species. In ad
dition, aquatic impacts may result in the event of an
inadvertent fuel/lubricating oil release from construc
tion vehicles. Impacts to uplands as a result of staging
equipment and workspace requirements are similar to
those of HDD.
Trench and push
Environmental impact is comparatively less in the
trench and push method than in trench and lay in that
only ditching and backfilling activities occur within
the wetland. Equipment is employed that can operate
in standing water or on the ground surface. Grading
and topsoil stripping along the ditch line is typically
not performed in wetlands, and in some cases ditch
ing can be performed from a barge. Trees and other
large woody vegetation are typically not present in
permanently inundated wetlands, therefore, impacts
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to the vegetative community may be less severe dur
ing a trench and push operation as compared to trench
and lay. In general, the impacts to wetlands resulting
from this construction method are similar to that of the
trench and lay method. Impacts resulting from a wet
land crossing using the trench and push construction
method include sedimentation of surface waters from
fhe dispersal of excavated and sidecast materials, po
tential soil compaction due to the movement of heavy
equipment in the wetland, and soil profile disturbance
from excavation and backfill activities. Sedimentation
of surface waters can be minimized through the use
of floating protective booms or silt curtains, but is
unavoidable due to the nature of this construction
method. In addition, the same potential impacts exist
relative to the presence of heavy machinery (e.g., fuel
oil release).
Typically, an upland workspace of 70 feet by 250 feet
is required for pipeline welding and the push stag
ing area (Hair, 1999). The workspace must be cleared
and graded level. Equipment is typically supported
on the ground surface and timber mats or sand fill
may be used where soft ground is encountered. As
soil conditions in wetlands can be less stable than in
upland or drier conditions, the ditch and spoil pile
associated with trench and push operations require
more room than the typical trench and lay require
ments. Ditch slopes in moist soils can exceed a 1:2 ratio,
and maximum spoil pile stability will equal that of
the ditch. The construction ROW configuration should
be sufficient to accommodate a larger ditch and spoil
pile.
Engineering and geophysical limitations

While the three wetland crossing methods examined
in this report are widely applicable, each has its own
limitations. Specific geophysical and engineering con
siderations associated with each construction method
are described below.
Horizontal directional drilling
Drilled length, pipe diameter, and subsurface soil con
dition limit the feasibility of HDD. These three factors
work in combination to restrict what can be accom
plished at a given location. The longest drilled cross
ings to date have been recorded at approximately 6000
feet, and typically consist of smaller diameter cross
ings installed through alluvial deposits. The largest
diameter drill successfully completed on record is 48
inches outer diameter (OD). Crossings for this diame
ter pipeline are fairly rare, however, and rarely extend
over lengths of approximately 2500 feet through allu
vial deposits.
Limitations with respect to borehole length and di
ameter are primarily due to limits on the capacity of
existing tools and drill pipe. The flexibility of relatively
slender drill pipe does not allow an unlimited amount
of pressure to be applied. In addition, control of the

leading edge diminishes over long lengths. Present
technology also involves rotating pipe at the surface to
rotate reamers downhole, however the capacity of drill
pipe for the transmission of torsion is limited. Installa
tion of a 48-inch OD pipe typically requires completion
of a 60-inch reaming pass. While development of new
tools and techniques to increase load bearing and en
ergy transmission capacities of drill pipe is possible,
economic factors must be considered. The market for
HDD installation of pipe over longer lengths or larger
diameters than those cited above has not yet devel
oped.
The primary technical limitation of HDD is the sub
surface soil material at the proposed crossing. The two
main soil characteristics potentially impairing the use
of HDD are a high percentage of coarse-grained mate
rials (i.e., gravel, cobbles) and excessive rock strength
and hardness. Soils consisting principally of coarse
grained material present a serious restriction to the
feasibility of HDD, as coarse material cannot be read
ily fluidized by the drilling muds. It also cannot be
cut and removed in a drilling fluid stream through an
open hole as would be the case in a crossing drilled
through competent rock. A boulder or cluster of cob
bles will remain in the drilled path and present an
obstruction to a bit, reamer, or pipeline. Exceptionally
strong and hard rock will hamper all phases of an HDD
project. Experience has shown that competent rock
with unconfined compressive strengths in the neigh
borhood of 15,000 psi and Moh's Scale of Hardness
factors ranging somewhat above 7 can be negotiated
with today's technology. However, encountering such
materials at depth usually presents difficulty as the
directional drilling string tends to deflect rather than
penetrate. Conversely, extensively fractured or jointed
rock can present the same problems as coarse granular
deposits (Hair, 1999).
Trench and lay
There are no physical limitations on the application
of the trench and lay method to wetland crossings
as long as standard tracked construction equipment
can operate within the wetland. If standing water is
present, or the natural ground is so soft that it cannot
support standard tracked equipment, than an alternate
crossing method must be employed.
Trench and push
Trench and push can only be applied where a flotation
ditch can be constructed. The terrain must be flat and
the ditch must hold water. The pipeline alignment can
contain bends, but they must be of a long enough
radius to allow the pipe to conform with a free elastic
bend (Hair, 1999). Push sections several miles in length
are not uncommon.
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COST
Figs. 4-6 compare crossing construction costs for three
pipeline diameters: 12, 24, and 36 in. Both lump sum
and unit prices are listed for each construction method
over the four crossing lengths estimated. No estimates
were prepared for a 1000 foot 36-inch crossing as stan
dard HDD industry design criteria generally requires
the drilled length for a 36-inch installation to exceed
1000 feet. The unit cost of all of the crossings gener
ally increases as the length and diameter increase for
the range of lengths under consideration. However, the
rate of increase is much greater for an HDD crossing.
Overall, trench & lay is the least expensive method for
installing a pipeline across a wetland.
In general, HDD is two to three times as costly as
trench and lay construction for pipes 12-36 inches ID.
HDD is 25-80% more expensive than trench and push
construction, depending on the pipe diameter. Trench
and push construction is approximately 30-50% more
expensive than trench and lay construction, and too,
increases in cost as the diameter of the pipe being
installed increases.
1
-DIRECTIONAL DRILL
- TRENCH AND PUSH
- TRENCH AND LAY

2000

2500

3000

3500

4000

CROSSING LENGTH (FEET)
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Inadvertent fluid release cleanup costs
Scenario 1. The location of this inadvertent fluid
release is such that no vehicular or equipment access is
possible. Access is by foot only and narrow plywood
pathways may be used if soil conditions require. The
drill fluid does not need to be removed immediately, so
it eventually gels to a moist clay material. In this case
drill fluid is shoveled manually into wheelbarrows and
transported to a sump at the drill site. The estimated
cost for a clean-up similar to this is $23,725.
Scenario 2. This case involves a situation in which
access to the inadvertent fluid release is permitted only
to pick-up trucks and small rubber-tired backhoes.
Regulations force the contractor to remove the material
before it dries. Here, a contractor utilizes pumps to
transport the fluid to the sump at the rig site. The
estimated cost for a clean-up similar to this is $14,328.
Scenario 3. This scenario allows equipment access
to the inadvertent fluid release via board road only.
Standing water exists at this location such that fill dirt
must be hauled in to elevate the board road. The drill
fluid must be removed immediately, so vacuum trucks
are used to suck the mud from the surface. In this case,
it is assumed that a large enough sump pit could not be
excavated at the drill site so holding tanks are utilized
for storage. The estimated cost for a clean-up similar to
this is $28,097.
The estimates for these three scenarios do not in
clude cost for actual mud disposal operations such as
land farming or mix and bury, which occur on almost
all directionally drilled crossings since there is usually
excess drill fluid to dispose of after drilling is complete.

Fig. 4. Wetland crossing comparative assessment 12 inch pipe.
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Fig. 5. Wetland crossing comparative assessment 24 inch pipeline.
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Fig. 6. Wetland crossing comparative assessment 36 inch pipeline.

HDD is theoretically the least intrusive method for
constructing pipelines across sensitive areas such as
wetlands, waterways, cultural, historic, and archaeo
logical sites. If executed without incident in a wetland
setting, a horizontal drill will install the pipeline with
out the need for heavy machinery to access the wet
land, essentially creating no environmental impacts
and therefore environmental cleanup costs will not be
incurred. However, if sizable volumes of drill muds
are deposited in a wetland, water quality, aquatic
species/habitat and the vegetative community can be
impaired, at least in the short-term. Impacts will likely
be less if returns are removed from the wetland area,
although potential additional damage to the wetland
vegetation and soils as a result of cleanup operations
must be considered. Engineering limitations to HDD
exist, and in certain substrates HDD is not the optimal
construction method. In addition, HDD crossings are
limited to linear distances of less than 6000 ft. and the
success of the drill and integrity of the pipe are related
to the length and diameter of the bore.
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Trench and lay construction involves the clear
ing of vegetation and grading of surface features of
the right-of-way. In wetlands, water quality, aquatic
species/habitat, and vegetation will all be compro
mised, at least locally and for the short-term. Trench
and lay technology is essentially free of engineering
limitations relative to the other two technologies re
viewed, and has fewer variables involved in terms of
overall cost, as construction and restoration operations
are easier to forecast than in the other two technolo
gies.
Trench and push construction is a feasible pipeline
installation alternative for wefland crossings where
sufficient standing water is present to create a flota
tion ditch. The trench and push method will incur
comparable impacts to uplands as HDD and trench
and lay construction. In terms of environmental im
pacts in a wetland setting, this method will result in
at least short-term, localized impacts to water quality,
aquatic species/habitat, and vegetation. Water qual
ity will likely be affected more through this method
than in trench and lay, as a wetter hydrologic regime
is required to facilitate the trench and push method.
However, as the vegetative community at a trench and
push wetland site will likely be absent or limited to
floating or submerged aquatic plants, impacts to site
vegetation will be less than with trench and lay. How
ever, soil disturbance and compaction will occur from
marsh excavator movement. In terms of cost, trench
and push technology is significantly less costly than
HDD and approximately twice the cost of trench and
lay construction.
In order to determine the appropriate wetland cross
ing method, multiple factors need consideration, in
cluding the geology of underlying soils, sife topog
raphy, hydrology, and length of pipe fo be installed.
HDD may not be the optimal crossing method where
underlying soils consist of cobbles, boulders, or bed
rock, or if the pipe to be installed is greater than one
mile in length.
All three of the crossing techniques reviewed under
this study have advantages under certain situations,
and it should be noted that the increased requirement
and use of HDD for wetlands and waterway crossings
has prompted this research. HDD can be effective at
minimizing certain environmental impacts but it is not
without limitation. In addition, HDD can be extremely
costly and even cost-prohibitive. The probability of
inadvertent return occurrence to vegetated wetlands
must be a serious consideration prior to HDD being se
lected as the crossing method for a given project. One
aspect not included in this study was the timeframe
for implementation of HDD relative to conventional
methods, based on the permitting process, and actual
time requirements for project set-up. As this research
suggests, the initial costs, potential impacts, and ad
ditional damage that can be incurred from cleanup
activities may not coincide with the overall goals of the
project or the goals of the associated jurisdictional en
vironmental agency.
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Influences of Soil Acidity Levels on Vegetative
Reclamation and Wildlife Habitat on Rights-of-Way
Transecting Drastically-disturbed Lands
Jeanne C. Jones

Utility rights-of-way may transect drastically disturbed lands, such as public works projects,
water resources projects, and reclaimed mine sites. Many of these lands have acid overburden,
such as pyrite (iron sulfide), incorporated in their upper soil layers due to disturbance of
parent material and soil horizon mixing. Acidifying overburden, such as iron pyrite, oxidizes to
produce sulfuric acid and highly acid soil conditions upon exposure to atmospheric oxygen and
water. Occurrence of these compounds near the soil's surface can limit success with vegetative
reclamation of rights-of-way, and subsequently, limit wildlife habitat quality. Research conducted
over an eleven-year period on upland disposal areas of the Tennessee-Tombigbee Waterway in
Mississippi revealed active soil pH levels of 3.9 and less on sites where pyrite occurred 3-35 cm
from the soil's surface. These pH levels, in conjunction with exchangeable acidity and metal cation
concentrations, caused phytotoxic soil conditions and loss of vegetation. Seeded and native plant
biomass was less than 1.3 kg/ha during the summers of 1991 and 1992. Phytotoxic soil conditions
were minimal on sites where acid overburden was buried beneath at least 40 cm of topsoil soils
brought from undisturbed areas that exhibited near neutral pH levels. On these sites (N = 30),
biomass of native and seeded agronomic plants generally exceeded 3000 kg/ha. With proper
management, rights-of-way on disturbed lands can support vegetation and wildlife. However,
planners and resource managers should be aware of problems produced by exposure of acid
overburden during powerline or pipeline construction and maintenance.
Keywords: Soil acidity, pyrite, reclamation, ecological restoration, rights-of-way

INTRODUCTION

Drastically disturbed lands can be defined as lands
on which vegetation has been removed or destroyed,
soil horizon structure has been destroyed or inter
mixed, and in some cases, where parent material is
exposed or intermixed with upper horizon layers (Pettry et al., 1980). Land uses that create this type of
disturbance include, but are not limited to, surface
mining, public works projects, military training areas
used for artillery and tracked vehicle maneuvers, and
subterranean pipeline construction (Pettry et al., 1980).
Depending on the underlying parent material and the
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degree of disturbance, reclamation challenges that may
be encountered on these areas are loss of plant cover
and species diversity, destruction of wildlife habitat,
creation of phytoxic substrate conditions, exposure of
substrates with high compaction or high rock con
tent, and soil erosion. Aquatic and terrestrial habitats
near disturbed lands can also be negatively affected
by sedimentation and toxic chemical leachates arising
from the disturbed sites. Without proper treatment,
disturbed sites and adjacent habitats can exhibit loss
of productivity over the long term due to degradation
of soil, water, floral, and faunal resources.
Timely reclamation of disturbed lands is necessary
to restore habitats over the short term, prevent habitat
degradation on adjacent lands, and to initiate eco
logical restoration of native biological communities.
Although most of the available data on drastically
disturbed lands is derived from research conducted
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on mine sites, the concepts are directly applicable to
soils crossed by utility rights-of-way. Many disturbed
lands can be reclaimed over time with proper substrate
amelioration, revegetation, management, and monitor
ing (Wade and Tritton, 1997). With proper liming and
fertilization, reclaimed mine sites can support high
vegetative productivity of seeded herbaceous plants
(Barnhisel and Krupe, 1985; Pettry and Wood, 1986).
Although seeded plant biomass can be high, many
studies of reclaimed surface mine and upland dis
posal sites have reported delayed reforestation, low
native plant species diversity, limited A-horizon de
velopment, and delayed recolonization by macroin
vertebrate detritivores in the first 2 0 years following
reclamation (Jones, 1995; Curry and Cotton, 1983; Pettry et al., 1980). There is evidence that site age is related
to the degree of soil formation, detritivore coloniza
tion, and native plant succession. Pettry et al. (1980)
reported that mine sites may require up to 50 years
for development of topsoil layers. Studies from >50
year-old surface mine sites in Kentucky reported high
diversity of native and planted species (Wade and Trit
ton, 1997). Most studies of reclaimed mine and upland
disposal sites of less than 50 years of age have re
ported low reforestation rates and limited native plant
diversity due to edaphic conditions and seeded plant
cover (Skousen et al., 1994; Byrnes and Miller, 1973).
On many surface mine and disposal sites, high soil
acidity and the associated metal salt contents were pri
mary factors limiting vegetation establishment during
the first 10 years following reclamation (Jones et al.,
1996; Skousen et al., 1994).
Despite the restoration challenges, many public
agencies in the United States manage reclaimed dis
turbed lands for fish, wildlife, and outdoor recreation
(Department of Energy, 1984). Because of the prepon
derance of herbaceous and shrub-type plant communi
ties during the first 1 0 - 2 0 years following reclamation,
these areas can provide habitat for many grassland
and old-field wildlife species, such as northern bobwhite (Coliniis virginianus), rabbits {Sylvilagus spp.),
and white-tailed deer {Odocoileus virginianus) (Jones
et al., 1994). To maintain the productivity of these
habitats, land managers must understand the exist
ing edaphic conditions and how these conditions can
influence flora, fauna, and habitat quality. Because util
ity and gas line rights-of-way often transect disturbed
land bases, access may be required for line construc
tion, vegetation management, monitoring, and line
maintenance. Since some activities may result in soil
disturbance and v'egetative manipulation, utility com
pany personnel should be aware of soil conditions that
influence degradation, amelioration, and restoration of
these sites. Proactive measures that prevent vegetation
loss, acid substrate exposure, and erosion can prevent
on-site and adjacent-site damage.
The objectives of this paper are as follows: (1) to pro
vide a summary of literature on soil conditions that

cause vegetation loss and planting failures on dras
tically disturbed lands, (2 ) to report the findings of
a case study on a drastically disturbed land base in
Mississippi, and (3) to present proactive reclamation
approaches for utility rights-of-way transecting dis
turbed land bases.

SOIL CONDITIONS AND RESTORATION

The degradation of soil horizon structure, exposure of
parent material, and incorporation of phytotoxic over
burden in spoil substrates on severely disturbed areas
can produce harsh edaphic conditions that limit plant
establishment and survival. On sites where vegetation
has been lost, soil stabilization and plant community
establishment are essential for short-term reclamation
and long-term ecological restoration.
Physical soil factors

Physical soil characteristics that may impact soil sta
bilization and revegetation success include soil tex
ture, coarse fragment content, and bulk density (Hons
et al., 1978). Percent coarse fragment can influence
root development and water availability to plants.
Low water-holding capabilities and droughty nature
of substrates with high rock content can limit plant
survival, especially during years of low rainfall (Jones,
1995). Research performed on reclaimed lignite mines
in Texas reported that soil textural classes of loam, silt
loam, and sandy loam were suitable growing media for
reclamation plantings. In this study materials contain
ing high coarse fragment content (60-99% >2 mm in
size) were found in core samples. According to Feagley (1985), cores containing >95% coarse fragment
content were unsuitable growing media for plants un
less mixed with finer textured material. Data recorded
on upland disposal sites in Mississippi indicated that
coarse fragment content of <45% had little effect on
plant cover during years of normal rainfall (Jones,
1995).
Bulk density, which represents the combination of
soil particle size and pore space, can be utilized as
an indicator for soil compaction. High bulk density
can impede plant survival and growth by limiting the
amount of water available to the plant and limiting
root growth and zone. The bulk density of granu
lated clay surface soils will generally be 1 .0 - 1 .3 g/cc
with coarse textured sandy soils ranging from 1.31.8 g/cc. (Foth, 1984). Organic soils (Histosols) have
low bulk densities that commonly range from 0 .1 0.6 g/cc. when compared to mineral soils (Foth, 1984).
In general, parent materials exhibit greater bulk densi
ties due to substrate density, limited weathering, and
subsequent low pore space structure (Foth, 1984). Bulk
densities on disturbed lands may exceed undisturbed
natural areas due to compaction from heavy equip
ment, sandy content of substrate, and exposure of par
ent material. Bulk densities reported for a reclaimed
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surface mine in Alabama ranged from 1.45-1.86 g/cc
and were higher on spoil substrates than undisturbed
natural areas (Pettry et al., 1980). Bulk density val
ues increased with depth due to less weathering and
higher coarse fragment content. Highest bulk densi
ties were reported on ridges and were attributed, in
part, to compaction by heavy equipment and rainfall
impact. Lowest bulk density values were found at the
bottom of slopes in drainages where alluvium and col
luvium accumulated (Pettry et al., 1980). Bulk density
can be expected to decrease over time with progressive
weathering and deposition of organic matter from veg
etation (Pettry et al., 1980). Amelioration of high bulk
density and compaction may be necessary for success
ful revegetation. Application of topsoil and manures
can increase organic matter and lower bulk density on
compacted areas of high sand and parent material con
tent, creating better growing conditions for vegetation
(Both, 1984).
Soil chemistry factors

Nutrient and organic matter content on disturbed sub
strates may be influenced by parent material, sub
strate origin, reclamation treatment, vegetative cover,
and colonization by detritivores. Phosphorous and ni
trogen deficiencies have been reported on reclaimed
overburden in the southeastern United States; how
ever, these nutrient problems were corrected for forage
and row crop production with proper fertilization and
liming maintenance (Feagley, 1985). Research indicates
that newly reclaimed disturbed lands lack easily oxidizable organic matter and the microflora and fauna
associated with oxidized organic matter (Jones, 1995;
Skousen et al., 1994; Feagley, 1985).
Surface mine spoil in Alabama exhibited low or
ganic matter content compared to undisturbed areas
with lowest contents of 0.4% being recorded in sub
soil horizons and higher contents of 3.4% being found
in upper horizons. Undisturbed sites averaged 5% or
ganic matter content (Pettry and Wood, 1986). Upland
disposal sites in Mississippi exhibited organic matter
contents ranging from 0.3% in soil depths of >10 cm
on pyrite oxidation sites to 4.6% in the upper 10 cm
of substrate beneath planted shrubs eleven years fol
lowing construction and reclamation (Jones, 1995). For
mation of A horizons, melanin substrate coloration,
and incorporation of organic matter to level of 5% and
greater may require up to 50 years (Pettry and Wood,
1986). These processes can be expedited by topsoil and
manure application; Introduction of earthworms (an
nelids); and selection of reclamation plantings, such as
annual legumes, that create favorable microhabitats for
detritivores (Jones, 1995; Lee and Skogerboe, 1984).
Many researchers have reported problems with
high soil acidities and high concentrations of metal
salts on mine and upland disposal sites underlain by
acid overburden materials (Jones et al., 1996). Baux
ite, coal, and lignite deposits are generally associated
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with acid overburden originating from unweathered
parent material layers. Common overburden materi
als found on these areas are iron-sulfur compounds,
such as pyrite (PeS2 ). Pyrite, when exposed to oxygen
and water near the soil's surface, oxidizes to produce
sulfuric acid (H 2 SO 4 ) and metal ions, and metal salt
complexes (Hons et al., 1978). Factors that may accel
erate pyrite oxidation rates include exposure of pyrite
near the soil's surface, pooling of water, presence of
autotrophic Fe- and S-oxidizing bacteria, and morpho
logical form of pyrite (Singer and Strumm, 1969; Pugh
et al., 1984).
Acidity levels and metal salt solutions produced
by pyrite oxidation processes can deter establishment
and growth of vegetative cover, create bare soil areas
which expand over time, increase erosion potential,
and limit site productivity for forage crops, wildlife
habitat, and reforestation (Jones et al., 1996; Jones
et al., 1994; Hons et al., 1978). Exposed complexes
of iron sulfide have been reported as major sources
of acid mine drainage from and as the primary cause
of unsuccessful revegetation on surface mines and civil
works projects in the eastern United States (Jones et al.,
1996; Ammons et al., 1983). Soil pH levels associated
the oxidation of iron sulfide are generally <4.5 and
are associated with high levels of soluble salts of
aluminum, iron, and manganese (Pugh et al., 1984).

CASE STUDY — UPLAND DISPOSAL SITES OF THE
TENNESSEE-TOMBIGBEE WATERWAY

Approximately 7,981 ha of upland disposal sites were
created during the construction of the TennesseeTombigbee Waterway in Mississippi and Alabama
(USAGE, 1983). In the northerly most section, up
to 156,000,000 m^ of spoil were excavated from a
64-km canal to construct a waterway that connects
the Tombigbee and Tennessee Rivers (Jones et al.,
1996). Due to edaphic and vegetative characteristics,
disposal sites in this region were similar to reclaimed
coal surface mines and were classified as drastically
disturbed land bases (Ammons and Shelton, 1991).
Our study area was located on upland disposal sites
of the 4424-ha Divide Section Wildlife Management
Area that occurrs along the northern canal section of
the Tennessee-Tombigbee Waterway in Tishomingo,
Mississippi. This land base is managed cooperatively
by the US Army Corps of Engineers and the Missis
sippi Department of Wildlife, Fisheries, and Parks for
game and nongame wildlife with emphasis on north
ern bobwhite quail {Colinus virginianus) (Jones et al.,
1994). Upland disposal sites in this section were cre
ated by the deposition of excavated spoil material from
the canal cut into woodland ravines adjacent to the wa
terway canal. Excavation depths were as deep as 54 m
and reached into Cretaceous Age Formation layers and
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the Tombigbee sands of the Eutaw Formation, the lat
ter of which is comprised of massive, glauconitic sands
that contain acidic overburden.
Geologic cores and soil samples collected from the
canal channel during pre-project studies verified the
presence of the soil acidifying pyrite, within proposed
excavation depths (Ammons et al., 1983). Incorporated
into the disposal area soils during construction, this
acid material was expected to cause problems with sur
face soil quality, vegetative reclamation, and wildlife
habitat restoration (Jones et al., 1996; Ammons et al.,
1991). To ameliorate these conditions, soil amendments
were applied to disposal area substrates at prescrip
tion levels to neutralize soil acidities. Soil pH levels
ranged from 2.5 to 7.5 prior to soil amendment treat
ments. Following treatment, pH levels on most sites
ranged from 5.5 to 7.5 (Krans, 1981). Most soil textures
were classified as sandy and sandy loam with sand
contents ranging from 47 to 90% (Krans, 1981). Con
struction and vegetative reclamation of disposal areas
were completed in 1981 by the US Army Corps of En
gineers, (Nashville District) (Krans, 1981).
Short-term restoration objectives on disposal areas
were similar to those of disturbed surface mines (Jones
et al., 1996). Initial reclamation included resurfacing
for soil stabilization, application of soil amendments,
and seeding of reclamation plantings (Krans, 1981).
Proper coverage and application of soil amendments
were required on substrates containing acid overbur
den to prevent overburden oxidation, increased soil
acidification, and vegetation failures (Pugh et al., 1884;
Hons et al., 1978).

METHODS

Data presented in this paper are part of an eleven-year
study on plant successional trends on upland disposal
sites from 1982 through 1992 (Jones, 1995). Thirtyfive disposal areas were selected in 1990 by stratified,
random sampling within five dominant cover types:
seeded legumes [sericea lespedeza {Lespedeza cuneata)],
seeded grasses [fescue (Festuca elatior anmdinacac),
weeping lovegrass {Eragrostic curvula), Bermuda grass
(Cpnodon dactylon)], planted shrubs (Eleagnus umbellata), native herbaceous plants, and bare soil areas.
A cover type was considered dominant if it comprised
at least 60% of the surface ground coverage. Only
disposal areas that had been completed and received
reclamation plantings by June, 1981 were included in
this study.
Four permanently located 15.0-m line transects ra
diating from one center point were established on each
site. This design resulted in a total of 60.0 m of sampled
transects on each site. A total of 3 0 ,1-m^ quadrats were
clipped along line transects on each study site during
July-August, 1991 and 1992. (Plots were not clipped
on the planted shrub cover type.) Plants were clipped

to within 2.5 cm above ground level, bagged, and re
turned to the university where samples were dried in
an plant drier at 54-60°C for 72 h (Hayes et al., 1981).
Samples were weighed using a digital Metier Scale.
Soil samples were collected by core sampling at each
transect center point on each disposal area during Feb
ruary, 1991 and 1992. Each 20-cm core sample was
divided in 2 subsamples of 0 - 1 0 cm and > 1 0 - 2 0 cm
for analysis. Soil samples were sieved and air-dried
prior to physical and chemical analysis. Samples were
air-dried and coarse fragment ( > 2 mm) was sepa
rated using a 2 mm sieve (Foth, 1984). Active soil
pH was measured in water using a 1:1 soil/liquid
ratio (Foth, 1984). The vertical depth to overburden
was determined with auger sampling ( 1 0 cm diam
eter) and visual identification based coloration and
texture (Foth, 1984). Statistical analyses used included
correlation and regression analyses and Signed-rank
Wilcoxon tests (Daniel, 1990; Myers, 1990).

RESULTS AND DISCUSSION

Covering of acidic spoil material with 2 m of sandy
loam was a specified amelioration requirement during
disposal area construction for successful of the project
area (USAGE, 1983). Depth of the acidic pyrite material
on disposal areas was considered important due to up
ward vertical leaching, subsequent acidification, and
vegetation failures. Despite coverage requirements in
1981, vertical depths to acidic pyrite measured in 1991
varied among disposal sites, ranging from 2.5 cm to
152 cm in depth. Proximity of overburden to the soil
surface influenced soil pH levels and vegetative bio
mass production (P < 0.001,
— 0.53). In general,
disposal areas supporting vegetation exhibited pyrite
that was buried at depths of 40 cm or greater. These
sites also lacked pockets of pyrite-containing substrate
in the upper 40 cm of substrate (Table 1). Highest ac
tive soil acidities were detected on bare pyritic sites
where pH levels ranged from 2.9 to 3.9 over the two
year period. Layers and pockets of pyrite were found
intermixed in the upper 36 cm of substrate on these
sites. Plant cover and herbaceous biomass were limited
during both study years ranging from 0 to 6.4 kg/ha
on the four sites in 1991 and 1992 (Table 1). PH levels
of the > 1 0 - 2 0 cm samples were significantly lowered
than pH levels of the <10 cm soil samples (P < 0.01).
Proximity of overburden to the surface influenced soil
pH levels in the >10-20 cm soil depths (P < 0.0001;
r = 0.81;
= 0.66; P < 0.0001; df = 32). However,
soil pH levels in sample depths of 5 IO cm were not
related to depth of overburden (r^ = 0.21; P = 0.10)
(Jones et al., 1996). Covering pyritic layers with sub
strates having pH levels of 5.0 or greater at depths of
at least 40 cm appeared to be sufficient for long term
survival of vegetation. However, deeper coverages and
prescription liming are recommended for optimizing
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Table 1. Ranges, means and standard errors of depth (cm) to acid pyrite substrate and active soil pH, and herbaceous plant biomass on five
cover types of upland disposal areas of the Tennessee-Tombigbee Waterway in Tishomingo, M ississippi in July of 1991 and 1992
Cover type

Depth to pyritic substrate (cm)
Range

Seeded Legume
(N = 10)

Seeded Grasses

48.3-152.4

86.0-152.0

Mean (SE)
103.5 (11.3)

100.8 (13.8)

(N = 6)

Planted Shrubs
(N = 5)

46.0-152.4

Nath'e Herbaceous
(N = 10)

15.2-147.3

Pyritic Sites (Bare)
(N = 4)

2.5-35.6

121.9(19.5)

104.7 (16.3)

23.4 (6.6)

reclamation and ecological restoration success. These
actions are recommended due to potential soil acidity
released over time, the upward movement of acid
forming complexes and metal salts facilitated by capil
lary water movement in the soil, and the potential for
erosion and soil disturbance to expose overburden ma
terials over time.
Overburden and soil acidity properties of disposal
area substrates were similar to conditions found on
lignite, coal, and bauxite mines of the Midwestern
and Southeastern United States (Johnson and Skousen,
1995; Hons et al., 1978; Hossner et al., 1965; Feagley, 1985). High soil acidities that exhibit active soil
pH level of 4.5 or less can cause loss of vegetation,
degradation of fish and wildlife habitat, and damage
to soil resources productivity. Although these con
ditions would generally be the responsibility of the
land manager or owner, utility companies often re
quire easements on and access to disturbed lands for
construction and maintenance of utility powerlines
and pipelines. Construction and maintenance activities
that require digging substrate, pipe burial, or general
soil disturbance may expose acid overburden if these
complexes are near the soil's surface. Erosion con
trol plantings on disturbed soils with oxidizing acid
overburden will generally fail reducing cost effective
ness of revegetation treatment. Additionally, acid soil
conditions and sedimentation arising from bare soil
sites created by high acidities may damage natural
resources featured on the land base, such as timber,
agronomic plantings, wetlands, aesthetic quality, fish
and wildlife habitat, and outdoor recreation features.

Active soil acidity (pH)
Range
<10 cm
5.0-7.8
>10-20 cm
4.1-8.1
<10 cm
6.4-7.9
>10-20 cm
4.1-8.0
<10 cm
5.0-7.8
>10-20 cm
4.1-7.0
<10 cm
5.3-7.8
>10-20 cm
3.2-7.S
<10 cm
3.0-3.9
>10-20 cm
2.7-3.7

Plant biomass dry weight (kg/ha)
Mean (SE)

Mean (SE)

6.7 (0.3)
5.8 (0.4)

7.3 (0.2)
5.8 (0.6)
7.0 (0.4)
5.8 (0.5)
6.4 (0.5)
5.0 (0.5)
3.6 (0.1)
3.2(0.1)

1991
3256.8 (556.0)
1992
1927.0 (624.5)
1991
3170.0 (1854.4)
1992
3372 (1131.1)
1991
no chp plots sampled
1992
no clip plots sampled
1991
3460.0 (493.8)
1992
3906.5 (560.3)
1991
1.3 (1.3)
1992
0

MANAGEMENT IMPLICATIONS

Utility rights-of-way managers should be aware of
the soil characteristics on disturbed lands that may
cause loss of vegetation and degradation of natural
resource quality. In some cases, pipeline construction
may cause exposure of soil acidifying substrates on
undisturbed lands depending on the nature of the par
ent material, the proximity of this parent material to
the soil's surface, and the excavation depths required
for pipeline construction. Pre-emptive knowledge and
proactive treatment of phytotoxic soil conditions can
enable managers to develop cost-effective approaches
to revegetation and vegetation management on utility
line construction and maintenance sites. General rec
ommendations are as follows:
1. Acquire information on past land use practices,
soil, and geological resources. If proposed pipelines
or utility lines transect drastically disturbed lands
managed by public agencies, industries, or organi
zations, consultation with these personnel is recom
mended to acquire information on past and current
land use and reclamation history. In the United
States, environmental assessments of proposed ac
tions may be necessary on public lands, especially if
wetlands and endangered species are in close prox
imity to the proposed project area. Restoration and
mitigation of project effects may also be required.
2. Collection of geologic core samples should be ac
complished through the assistance of certified ge
ologists and soil scientists if acidifying substrate or
parent materials are expected to occur on the site.
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3. Soil samples should be collected at sites that remain
devoid of vegetation. Soil samples should be col
lected at a minimum of two depths — 0-10 cm and
>10-20 cm. Upper and lower soil samples should
be kept separate for analysis to detect upper and
lower soil acidity levels. Deeper soil samples may
provide insight into the proximity of unweathered
acidic substrate to the soil's surface. If pH levels are
less than 4.5 in the upper or lower sample depths,
precautions and special ameliorations may be nec
essary.
4. Measuring the vertical depth to acidic substrate
layers is recommended on drastically disturbed
sites so that managers will know the likelihood
of reaching these layers during construction and
maintenance activities.
5. Soil sample analysis should include measurement
for lime requirements and active soil acidity (soil
pH) (Jones et al., 1996; Skousen, 1987). In substrates
containing unweathered parent material or acidic
substrates, more extensive tests may be needed to
measure exchangeable and nonexchangeable acid
ity. These measurements determine the presence of
unweathered acid-forming complexes and the acidproduction potential of a substrate over time (Jones
et al., 1996; Skousen, 1987). Techniques for measur
ing these parameters include acid-base accounting,
potassium chloride extraction, and barium chloride
triethanolamine method (Skousen, 1987).
6. Reclamation treatment for pyritic sites may include
burial of acidic substrates by covering with topsoil
or nontoxic soil, prescription liming based on soil
tests, and minimization of sites that might pool wa
ter. Prescription liming required to stabilize pyritic
disposal sites in Mississippi were 27 mg/ha over the
short term with a rate of 44 mg/ha being recom
mended to neutralize acid potential over the long
term (Ammons and Shelton, 1991). However, Sk
ousen (1987) recommended rates of 11.2 mg/ha of
lime or less for surface application of lime where
no incorporation is planned. Skousen (1987) rec
ommended that lime be incorporated into the top
15.2 cm of soil on sites where pH is low and large
amounts of lime are needed.
7. Following soil amelioration, acid-tolerant, erosion
control plantings should be considered to limit ero
sion. Selection of plants that are acid tolerant and
withstand high levels of salts in the soil solution are
recommended. Recommended plants will vary with
locales. On upland disposal sites in Mississippi,
native grasses {Androgon virginiciis), native shrubs
{RJius copallina and R. glabra), and kobe lespedeza
(Lespedeza striata), exhibited high ground coverages
on ameliorated acid soil sites (Jones, 1995). Feagley
(1985) reported that Dallas grass (Paspalum dilitatiim) and common Bermudagrass {Cynodon dactylon)
exhibit moderate to high salt tolerance to acid soil
conditions.

Management of drastically disturbed lands offers
unique challenges due to edaphic and vegetative char
acteristics. Cooperative management and proactive
approaches to treatment and maintenance on these
lands can provide fish and wildlife habitat, recreational
benefits to many human users, and unique areas for
ecological research and education. Utility companies
may own these lands or easements and operations
may transect these lands, therefore, professionals from
these companies are an important part of the cooper
ative effort to restore and maintain ecological produc
tivity on drastically disturbed land bases.
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The Union Gas Crop Yield Monitoring Program:
An Evaluation of Pipeline Construction
Practices on Agricultural Lands
E.E. Mackintosh, E.J. Mozuraitis, and R.C. Rowland

Union Gas has developed an extensive crop yield monitoring database for assessing the impact
of pipeline construction activities on agricultural lands in southern Ontario. The 227 km DawnTrafalgar pipeline easement contains up to four pipelines and crop yield data has been collected
since 1976 for the NFS 42 pipeline constructed between 1975-1989 and the NFS 48 which started
construction loops in 1990. Upwards of a thousand crop yield samples have been collected
during this period. Numerous changes have been made to pipeline construction and clean up
practices over this period, and in particular, the implementation of policies dealing with wet soil
shutdown, trench line management, soil construction inspection and post-construction clean-up
has had a significant positive impact on restoration of agricultural lands. Average on easement
crop yields have improved over 23% during the period from 1980 to 2000. In particular, there
have been significant improvements in average crop yields from construction of the NFS 48 over
to the NFS 42 with average crop yields being 91 and 80% of controls, respectively. The major
changes implemented during construction of the NFS 48 during the 1990s has been more stringent
environmental pipeline inspection and more extensive post construction clean-up. With present
construction practices in southern Ontario, it is reasonable to expect average on easement crop
yields greater than 90% for year after construction.
Keywords: Fipeline impacts, historical, crop yield

BACKGROUND

The Union Gas Trafalgar System extends from the
Dawn Compressor Station in Lambton County to the
Trafalgar Compressor Station in the Regional Munic
ipality of Peel, a distance of about 227 km (Fig. 1).
The system contains a minimum of two and up to
four pipelines within the easement: a 26 inch diam
eter pipeline constructed in 1957; a 34 inch diameter
pipeline constructed from 1964 to 1970; a 42 inch di
ameter pipeline constructed from 1974 to 1989; and a
48 inch diameter pipeline which began construction in
1990.
The pipeline primarily crosses prime agricultural
lands and, consequently, many of the environmen-

Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

tal issues that have surfaced during construction are
focused on mitigation and restoration of agricultural
lands. A crop monitoring program was initiated by
Union Gas in 1976 on the Dawn/Kerwood pipeline
loop to assess the level of crop damage for pay
ment of compensafion packages to farmers over time.
The program has been expanded to include: research
into techniques for improving restoration of agricul
tural lands; refinement of crop sampling design for
improved measurements; and the inclusion of soil
monitoring. Significant changes have also been made
to pipeline construction techniques on agricultural
lands, since the initial construction of the NFS 42
Dawn/Kerwood pipeline in 1975.
Union Gas has developed a substantial soil/crop
monitoring database since 1976 and it is the purpose
of this paper to highlight some of the conclusions
arising from the program with respect to the impacts
of pipeline construction on agricultural lands.
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Fig. 1. Trafalgar pipt'Une system corridor.

Table 1. Pipeline loops constructed since 1975
Pipeline loop

Da wn /Enniski lien
Enniskillen /Brooke
Brooke /Kerwood
Kerwood /Strathroy
Strathroy /Lobo
Lobo/London
London/St. Mary's
St. Mary's Beachville
Beachville/Bright
Bright/Owen Sound
Owen Sound/Brantford
Brantford /Kirkwall
Kirkwall/Hamilton
Milton/Parkway

Length of
loop
(km)
15.8
19.4
10.0
8.1
18.1
.30.7
17.5
19.9
18.4
15.9
13.9
10.2
11.0

NPS 42

NPS 48

Year
constructed

Year(s)
sampled

1975
1975
1976
1982
1989
1979
1981
1984
1989
1982
1985
1988

1976-1985
1976-1985
1977-1985
1983-1987
1991, 1993, 1995
1981-1985
1982-1986

Year
constructed

_
1994

HISTORICAL PERSPECTIVE

-

-

-

-

1996

-

-

-

-

-

ron

-

1998

1990
1991

-

P IP E L A Y IN G
O P E R A T IO M S

1993,1995
1993, 1995
1993,1995
1995,1997

-

1991, 1993, 1995
1983-1987

W O R K IN G R OOM

1996

-

1991
1991
1993

-

-

Year(s)
sampled

PIPE
MAKE -UP
AREA

TRENCH

1993,1995
1993, 1995,1997

SUBSOIL STOCKPILE

T O P S O IL S T R IP P IN G

Dawn — Trafalgar pipeline system

15 m

Construction of the NFS 42 and 48 pipelines was un
dertaken by construction loop (Table 1). The choice and
length of the construction loop is determined by gas
demand and related engineering design parameters.
A typical cross-section of an easement used in con
struction of the pipelines is shown in Fig. 2.
Each successive construction easement is overlapp
ed with the previous easement so that the spoil area of
the NFS 48 is usually located over the workspace and
trench area of the NFS 42.

Fig. 2. Typical cross section of an easement for construction of
NPS48 pipelines.

The union gas crop yield monitoring program

Pipeline construction practices

Environmental construction practices and post-con
struction compliance monitoring used on all the con
struction since 1976 follow the Ontario Energy Board
guidelines. Union Gas specifications, and recommen
dations arising from the environmental assessments.
Numerous changes have been made to pipeline
construction and cleanup practices over the years and
some of the more important changes have been as
follows:
- Wet Soil Shutdown — Formerly called wet weather
shutdown. Union Gas implemented a policy on wet
soil shutdown on the NFS 42 Lobo/London pipeline
loop in 1979. It involves suspending most construc
tion activities on the pipeline easement as a result of
wet soil conditions that may lead to excessive rut
ting, soil compaction or mixing of topsoil/subsoil.
- Trench Line Management — Crowning the trench
to offset subsidence of soil backfilled around the
pipe was initiated in 1979. Further amendments
to this practice were made in 1993 and involved
hauling away excess trench materials as opposed to
feathering the material over the spoil pile side of
the trench. Rerouting the stringing trucks over the
trench line was implemented as a standard practice
in 1989. Up to that time, stringing trucks used the
workspace or the trench area for travel.
- Soil Construction Inspection — A topsoil conservation
inspector is responsible for agronomic aspects of
topsoil conservation, such as topsoil removal based
on soil horizon depth rather than uniform depth,
and appropriate stockpiling and topsoil replacement
to its original location. In addition, the soil inspector
addresses issues of easement compaction.
- Construction Clean Up — Clean up includes construc
tion activities related to soil tillage for ameliorating
soil compaction on easement, stone picking and
repair of tile drainage, among others. During the
1980s, most tillage operations were completed using
a chisel plough to a depth of 15-20 cm. The use of
subsoilers on easement was limited. In 1993, subsoil
ing was introduced as a standard construction clean
up practice. As well, the environmental inspectors
also inspected the clean up operations in greater de
tail using soil penetrometers or related equipment to
assess soil compaction.
Crop monitoring program

The Union Gas crop monitoring program began in
1976 following construction of the NFS 42 Dawn/Kerwood pipeline. Construction of the Dawn-Kerwood
section actually began in 1974; however, due to techni
cal problems with the pipe and field welding, construc
tion on the Dawn/Enniskillen loop was postponed
until 1975. Wet weather resulted in adverse condi
tions during construction, post-construction cleanup
and soil restoration which resulted in significant loss
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of topsoil, severe soil compaction and degradation of
soil structure across the easement.
Due to the significant crop yield losses along the
Dawn/Kerwood loop. Union Gas undertook a three
year soil restoration research program in fall, 1981.
The study resulted in a recommendation to subsoil
the entire easement and implement a green manure
program. A majority of the farmers along the easement
accepted the subsoiling program which was completed
in the fall of 1984. Although a crop compensation
program was included as part of the green manure
program, there was limited implementation by farmers
due to the crop rotation system in use at the time (i.e.,
corn/soybean/winter wheat).
Crop monitoring data was collected on a five year
program for loops constructed from 1976-1982 (Ta
ble 1). The Dawn to Kerwood loop contains 10 years of
data (i.e., 2 five year programs). Crop monitoring data
was changed to a 1, 3, and 5 year program following
construction in 1989. As well, the sampling design for
crop monitoring was also modified as a result of de
tailed field studies (Ecological Services for Flanning,
1990). The main modifications made to the sampling
procedures consisted of increasing the minimum num
ber of field replications from 3 to 6 and subsampling
the easement as work space, trench area and spoil area.
The width of the area in workspace, trench and spoil
pile is then used to calculate the average yield for the
entire easement.
Throughout the crop monitoring program, yield
information on easement has always been expressed
as a percentage of the off easement control sample.
A control site, paired with each on easement sample,
was located 10 m off easement in the farm field.

CROP YIELD TRENDS

General
The overall improvement in on-easement crop yields
for corn, soybeans and winter wheat during the period
1976 to 1997 is shown in Fig. 3. The data show a clear
trend toward higher crop yields on easement and a
reduction in impacts related to pipeline construction
over time. Fit of a straight line through the data
indicates an increase of 0.83% per year over the period
1976-1997 and is significant a tp < 0.05.
Due to the number of variables that impact on
crop yield, it is difficult to ascribe an actual per
cent to anyone factor. For example, one would expect
that the impact of climate would average out over
time. Although farm management and crop rotation
practices have changed in response to new irmovations
and research, one would expect the relative impact of
these practices on the control and easement yields to be
similar. Field sampling design was modified in 1991 to
increase the minimum number of sample replications
per field from 3 to 6. A sample size of 6 was chosen
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by less than 10 percent which would not significantly
change the slope of the line in Fig. 3. This primarily
leaves the changes to pipeline construction and clean
up practices as the major factors influencing overall
yield trends.
A more detailed breakdown of average yields and
the related range in crop yield is shown for each
construction loop in Table 2. There is a significant im
provement in on-easement crop yields for construction
loops built in the 1990s as compared to those con
structed from 1976 to 1989.
Variations in crop yield across the easement
Prior to 1989, on-easement yields were measured by
sampling across the easement; hence, an average crop
yield for the entire easement was obtained. Crop
sampling design was modified in 1991 to correspond
with the construction activity on easement (i.e. work
space, trench area and spoil area (Fig. 2). Average crop
yield for the workspace, trench and spoil areas are
91, 81 and 84% of the control, respectively (Table 3).

Fig. 3. General crop yield trends for NFS 42/48 pipelines
(1976-1997).

following field studies that varied sample size from 4
to 12 per field (ESP, 1990). These results suggest that
a sample size of 4 per field tended to over estimate
average crop yield losses relative to larger sample sizes

Table 2. Average crop yield for whole easement* (expressed as percent of control) for all crops by pipeline loop
Pipeline
loop

Year
constructed/
diameter

Year
program
started

Year 1
to

r3 _

0^

O

cr i

>
<

Dawn /
Enniskillen
Dawn/
Kerwood
Lobo/
London
London/
St. Mary's
Kerwood /
Strathroy
Bright/
Owen
Sound
Beachville/
Bright
Strathroy/
Lobo
Kirkwall/
Hamilton
Lobo/
St. Mary's
Milton/
Parkway
St. Mary's/
Beachville
EnnLskillen/
Brooke
Bright/
Owen
Sound

Year 2

O'

aj

tiC

Year 3

QJ
tc
rz

^ ?

tiC

tx

c

c2

Year 4

(Z

>- -0

O'
bO
C
(Z

<

Year 5

01

%

1975/NPS 42

1976

32

**

41

**

48

1975/NPS 42

1981

72

12-97

69

23-100

74

1979/NPS 42

1981

83

32-136

76

.37-100

1981/NPS42

1982

78

38-100

80

1981/NPS 42

1983

77

52-99

1982/NPS 42

1983

80

51-103

1989/NPS 42

1991

82

1989/NPS 42

1991

1990/NPS 48

tx
fZ
u

O;

^

-0
•-

bc
c
(Z

c<

01
bc
(Z
^ "0
01 -s
i;

Average
01

bC
C

-Si

54

**

65

**

48

24-116

75

41-96

72

26-116

72

74

27-122

81

47-95

81

60-102

79

60-102

85

60-99

82

54-92

86

65-100

83

83

.3.3-118

78

46-97

86

56-108

80

49-92

81

78

42-105

80

57-92

81

60-103

78

45-100

80

48-99

78

68-94

83

78-88

81

78

49-104

81

.59-99

85

70-100

81

1991

**

**

94

77-121

79

79

91

1991/NPS48

1993

90

63-136

86

.32-116

86

62-102

88

1991/NPS48

1993

105

63-129

77

58-106

92

82-108

93

1993/NPS 48

1995

87

76-100

83

44-107

1994/NPS 48

1996

98

84-115

1996/NPS 48

1998

75

65-87

*Changes made to field data design in 1991 do not impact average crop yield figures for whole easement.
**Data not available.
' Program changed to 1, 3, 5 year after crop monitoring.

85
'

98
75
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Table 3. Average crop yield on easement by construction activity (expressed as % control for all crop/properties)
Construction loop

Strathroy-Lobo

Beachville-Bright

Year
constructed /diameter

Year
sampled

Spoil
area

1989/NPS42

1991
1993
1995

76
82

1991
1993
1995

1989/NPS42

Trench
area

Workspace

Whole
easement*

73
77
80

80
90
92

78
81
85

77
84

79
75
63

83
81
90

82
78
83

-

-

Kirkwall-Hamilton

1990/NPS 48

1993
1995

98
80

92
59

90
82

94
79

Lobo-St. Mary's

1991/NPS48

1993
1995
1997

90
83
85

89
86
85

91
91
86

90
86
86

Milton-Parkway

1991/NPS 48

1993
1995
1997

93
72
82

111
60
92

115
85
101

105
77
92

St. Mary's-Beachville

1993/NPS 48

1995
1997

81
78

74
71

96
90

87
83

Enniskillen-Brooke
Average

1994/NPS 48

1996

94
84

103
81

102
91

98
86

*Calculated using width of respective easement areas.

Clearly, the trench and spoil pile areas are the most
affected by construction activities. The trench area
is the most affected since soil structure is destroyed
during trenching operations and subsoils are mixed to
the bottom of the topsoil layer. As well, soils over the
pipe are compacted to minimize subsidence and are
often not subsoiled during construction clean up.
Along most of the NFS 48 pipeline easement, the
spoil area is the work space and trench line area of the
previously constructed NFS 42 pipeline. The reduced
crop yields on the spoil area are, therefore, related
to residual impacts associated with the construction
activities and clean up practices used on the work
space of the previous construction easement.
Variations in crop yield over time
Further reference to Table 2 suggests that the average
crop yield for any particular construction easement
does not change markedly over the duration of the
sampling program. Consequently, modifying the crop
sampling program from a continuous 5 year program
to a 3 year one consisting of 1, 3 ,5 year after sampling
provides one with a reliable set of data with cost
savings.
Farm management practices
Crop yield response varies markedly from farm to
farm (Table 4). Although farm management practices
were not specifically evaluated for each farm, the
detailed crop yield data indicates that the highest crop
yield losses are usually associated with controls that
have the lowest crop yields. Such variations are typical
for all the easements and are further illustrated in

Table 4. Variation in average soybean yield (% of control) by
property NPS 42 Strathroy/Lobo
Property
1
2
3
4

Workspace

Trench line

Spoil side

Total easement

103
75
96
80

76
50
98
57

79
51
80
73

87
59
88
73

Table 2 which shows the range in crop yield losses by
year and pipeline loop for the duration of the study.
Within a pipeline loop, the same farms are usually
sampled over the duration of the monitoring program.
On occasion, it may be necessary to drop a farm
or select a new one for a variety of reasons. Since
there are no indications that variability in crop yield
losses among farms is decreasing over time, it is
unlikely that changes in farm management practices
are contributing significantly to the improved trends
shown in Fig. 3.
Construction practices
Continuous changes to and improvements in construc
tion and cleanup practices have occurred throughout
the duration of the crop monitoring program. Due
to the large number of variables involved in deter
mining annual crop yield, it is impossible to attribute
or allocate percentage improvements in crop yield to
anyone specific construction practice. However, it is
clearly evident that average crop yields on easement
have gradually improved over the past twenty years
(Fig. 3). A considerable amount of this improvement
must rest with the changes in construction practice
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Table 5. Average on easement crop yield by construction activity
for the NFS 42 and 48 pipelines (% of control for all crops)

NFS 42
NFS 48

Spoil area

Trench area

Workspace

Whole easement

79
86

75
86

85
93

81
89

(e.g., implementation of wet soil shutdown policy and,
in particular, in construction cleanup). As an example,
average on easement crop yields (Table 5) for NFS 48
spreads constructed in the 1990s is about 89% as com
pared to the NFS 42 constructed in the 1970/80s which
is about 81%. These differences are statistically signifi
cant at P < 0.001.
The benefit accrued from changes in policies and
practices is also evident from direct comparisons of
crop yield data obtained from construction of the NFS
42 and 48 pipelines. Table 5 uses the same data as
Table 3, but is recalculated to compare the results for
the NFS 42 and 48 pipelines. Average crop yields for
the NFS 48 pipeline show significant improvements on
all areas of the easement compared to the NFS 42. As
well, the NFS 48 Lobo/St. Mary's Loop (constructed
in 1991) has an average on-easement yield of 88%
based on the 1 and 3 year after crop monitoring
program (Table 2). The comparable NFS 42 loops,
i.e., Lobo/London and London/St. Mary's constructed
in 1979 and 1981, respectively, averaged 81%. The
averages are statistically significant at P < 0.05. More
dramatic improvements are noted for the Enniskillen
Brooke loop. Average easement yield (from the second
5 year crop monitoring program) for the NFS42 built in
1975 is 72% whereas comparable figures for the NFS48
constructed in 1994 is 98%.
Impact of siibsoiling practices
Research undertaken during the soil restoration pro
gram 1981-1984 demonstrated that significant benefits
could be accrued from subsoiling the NFS 42 pipeline
easement. The practice of subsoiling was evaluated
on twelve farms. Crop yield for cereal, corn and soy
bean improved considerably in the year following the
subsoiling operation from —64-101%. Subsequent in
terviews with farmers suggested that the beneficial
impacts of subsoiling lasted up to 3 years.
Subsoiling was also included as a standard practice
in construction clean up during the 1990s. The notice
able improvements in average on-easement crop yields
for construction loops completed after 1990 (Table 2)
also suggest that changes to post construction clean up
practices have had a significant benefit.

CONCLUSIONS

The Dawn to Trafalgar pipeline easement is approxi
mately 220 km long and contains up to four pipelines

in some sections ranging from NFS 26 to 48. The
pipeline largely passes through prime agricultural
lands, with the exception of lands in the eastern sec
tion of the system where shallow depth to bedrock is
encountered.
Since construction began on the NFS 42 in 1974/75,
Union Gas has developed one of the most compre
hensive databases available to assess the impacts of
pipeline construction on agricultural lands. This paper
presents the results of the crop monitoring program,
and to the extent possible, assesses the impact that
changes in pipeline construction practices have had on
the restoration of agricultural lands.
Due to the large number of variables inherent in
field studies of this nature, it is impossible to assign
actual quantitative values in terms of improved crop
yield performance to specific changes in pipeline con
struction and clean up practices during the period.
However, the data clearly show a set of trends that are
helpful in reaching some conclusions with respect to
the past and establishing future direction.
1. Average on easement crop yields show a 23% im
provement over the 25 year period. These im
provements reflect major changes made to pipeline
construction practices over this period including
implementation of wet soil shutdown policies and
improved construction clean up practices, among
others.
2. Average crop yield levels expressed as a percent
of control for the NFS 48 and NFS 42 construction
loops are 89 and 81%, respectively. Clearly, con
struction and clean up practices used on the NFS
48 pipeline have led to significant improvements in
crop yield performance as compared to NFS 42 con
struction. The major changes implemented during
construction of the NFS 48 have been more stringent
environmental pipeline inspection and more exten
sive post-construction clean-up.
3. The impact of pipeline construction varies on ease
ment depending on the construction activity. Crop
yields indicate that the greatest residual impact of
construction on agricultural land occurs immedi
ately over the trench area, followed by the spoil
pile area and is least for the workspace. Average
crop yield levels for all crops and properties sam
pled over the trench area, spoil pile and workspace
areas are 81, 84, and 91%, respectively. The low val
ues for the spoil pile area represents a cumulative
(or residual) impact as the spoil pile areas are usu
ally located on the workspace of the NFS42. The
depth of clean-up over the trench is often reduced
for safety reasons due to proximity of the pipe.
4. Analysis of the data supports changing the crop
yield sampling frequency from the 5 year program
to a 3 year consisting of 1,3, and 5 year.
5. Although the data are limited, inclusion of subsoil
ing as an ongoing component of construction clean
up appears to be improvdng overall crop yield per
formance on easement.
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R ep airing Eroded G as Lines

Scott D. Shupe

Erosion has exposed dozens of New York State's high-pressure gas transmission lines, presenting
operational hazards. Multiple agency permits were negotiated before individual repairs could
be effected. Several repair techniques were used to rebed and rebackfill the pipeline trenches.
Summarized herein are lessons learned; contemporary repair methods; vintage planning and
design considerations that contributed to the exposures; and GlS-based solutions to expedite
permitting agency requirements.
Keywords: Stream dynamics, sediment control, right-of-way maintenance, stream restoration,
pipeline protection

OBJECTIVE

This paper reviews basic hydrologic principles that il
lustrate the relationship of sediment transport, peak
erosive discharges, and pipeline armor repair meth
ods. Preventive maintenance questions can be raised
at the onset of new installations, and situation-appro
priate strategies and permits can be developed.

INTRODUCTION

Most northeast operations managers are maintaining
gas line rights-of-way (ROW's) that were expediently
constructed — straight as an arrow — in an era when
agriculture was big and rural was still sharply dis
tinct from urban. Today that distinction is gone in
upstate New York. Today we continue to safely main
tain 60-year-old assets that retain economic value, as
well as new facilities that cross the suburban land
scape as crooked as a dog's hind leg. This maintenance,
however, is performed with an environmental ethic
and regulatory climate that did not exist when most
lines were constructed. The net result is that, to con
form, spot repairs are more costly and are undertaken

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

with techniques and measures laughable when oldtimers bulldozed arrow-straight trenches across the
open landscape and through stream channels.
One increasingly common problem exemplifies the
current issue of "urban sprawl" — washouts (Fig. 1).
As infrastructure extends from the cities, development
follows. Drainage basin impervious surface area in
creases, and hydrographs evolve shorter durations but
taller peaks. Channels are 'managed' and natural veg
etation removed. Snowmelt and storm runoff has more
energy. Undersized highway devices concentrate flow

-sap
Fig. 1. Washout of 8" gas line in Willow Creek following a July 4,
1999 thunderstorm. Although bedded and buried well, the disturbed
trench in bed of the stream was unconsolidated in relation to the
naturally packed hardpan of the streambed, and cover was scoured.
A concrete cap was installed to make the repair.

638

S.D. Slnijv

^ startI

^ ^ V

^N obleN efs

| ^yVahooiMes. | jjtNiagareMo

| ^WlXTNews. ||g lh ttp //ww__

730AM

Fig. 2. Online services, such as Doppler Radar, provides Niagara Mohawk with real-time prognostication capability to estimate catastrophic
events that influence right-of-way maintenance, such as erosion and repair of exposed gas lines, all across upstate New York.

at pipelines that were installed inside the highway
easements, a location typically favored by regulators.
Streambeds and banks erode. Code requires 36" of
cover over pipelines that may now have as much air
space beneath.
Service area location description

Niagara Mohawk's (NM) namesakes are the two rivers
spanning the width of New York State. To the south,
strata derived from erosion of northerly older rocks in
cline into Appalachia. The Adirondacks to the north in
clude Pre-Cambrian outcrops, shaved by at least three
glaciations. Water, flowing and frozen, has sculpted
nearly every imaginable geomorphic form within the
area we serve. These areas present engineering, en
vironmental, cultural and stewardship opportunities
and challenges to our rights-of-way management pro
grams. Repairs have been concentrated in three geo
logic areas of the state.
Tug Hill is a cuesta — a sloped mudstone plateau
rising eastward to the Black River valley 90 miles to
the lee of Lake Ontario. Tug Hill gets more snow — 300
inches — than any place east of the Mississippi River.
"Lake effect" storms arise from moisture picked up
over the warm Great Lakes that orographically cools
as it rises over Tug Hill (Fig. 2). This precipitation
runs off west via a dozen tributaries to Lake Ontario.
Eight pipeline exposures have been repaired in these
tributaries.
South of Syracuse, in the glacial U-shaped Ononda
ga valley, eight pipeline exposures were repaired.

These resulted from hydrologic events that may have
been exacerbated by glacial rebound and land sub
sidence following decades of salt water extraction.
Crevasses now ring the valley, and nickpoints in the
streams have moved upstream. A nickpoint is a sharp
inflection in stream profile of the where hydraulics are
typically concentrated and erosive; that is, a waterfall.
Additionally, urban sprawl has moved into the hills,
causing dramatic increases in impervious surface area
thus increasing the severity of runoff events.
Changing land use and steep hillside developments
in mid-Hudson Valley removed vegetation, altered
wetlands, compressed hydrographs, and resulted in
pipeline several exposures in both intermittent and
permanent streams.
Basic hydrology

Fluvial processes, the classic study of dynamic equilib
rium, shape a stream's cross sectional and longitudinal
profiles. Resistance, from a rocky bed, vegetated banks,
and depth of flow define stream shape, giving a range
of velocities imparted by a streambed gradient. Over
time, if the amounts of water and sediment that leave
a particular reach of stream equal the volumes that
entered it, the stream is said to be in dynamic equilib
rium — the "natural" goal of a stream. If not, erosion
or deposition will occur.
As Hunter (1991) puts it, "if something in the water
shed puts the stream out of whack, such as a dramatic
increase in sediment from soil and debris washed off
a hillside from either natural or man-caused events.
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other crossings, is to use all available resources to an
ticipate the potential of floods (Fig. 2), catastrophic ero
sive forces, potential failures, and anticipate schedul
ing repairs. Resources available to you not only include
computing power and design aids, but also those old
geology, engineering, and physics texts.
Variables in the realm of fluid mechanics are all
relative to Newton's second law:
force = mass x acceleration.

■ ■ lO T -■#??■>

Fig. 3. Nickpoint is a box culvert. Highway culverts are nominally
sized for the 25-year discharge event. Sediment is trapped upstream
and the outfall erodes as the undernourished stream seeks a new
sediment load. Banks then collapse as the bed incises and headcuts.
Pipe cover below culvert failed from turbulence, cattle traffic, and
inadequate armor to match storm events.

the stream's velocity, depth, and/or slope will begin
to naturally adjust to maintain dynamic equilibrium."
Excavate a trench to bury a gasline and you (1) dis
turb sediment, (2) concentrate or redistribute bypassed
flow, (3) alter the depth, and (4) generally change the
flow dynamics in that reach of stream, resulting in
movement of the nickpoint or meander.
A stream "wants" to flatten its slope, increase its
length, and meander downstream. Fig. 3 shows the
nickpoint in Budlong Creek, in this case it is artificial
in the form of a highway box culvert, and the plunge
pool that eroded the gas distribution line between
Utica and Herkimer, NY. The highway altered the
longitudinal profile of the creek, causing the upstream
side to accrete level with the floor of the culvert,
but the streambed eroded six feet lower. A July 4,
1999 thunderstorm carried away sufficient material to
fully expose and undermine the 8-inch steel pipe the
full width of the stream. The dynamic equilibrium in
this reach was further perturbed by cattle traffic that
trampled grasses. Plant roots in the soil serve two
functions: (a) they increase the rate of decomposition
of surficial rock and decrease the size of the sediment
produced, (b) they bind this sediment and retard its
erosion, decreasing the denudation rate (Blatt, 1972).
Dominance of large cobbles in this streambed and
the undermined concrete slab indicate regular, peri
odic high-energy discharges. The lesson here, and in

Fluid viscosity, variable drag coefficients, shear stress,
unit discharge, specific weight, (Blatt, 1972; Heisler,
1984; Tinsley, 1958) and some 175 equations describing
stream regimes can be more simply interpreted for
construction foremen. The larger the stone in the creek,
the greater the discharge; a good storm will wash away
anything finer. The extreme case is exposed bedrock.
A shingled bed of tightly packed stones tilting up at
the downstream face indicates a steady, but significant
stream flow. A bed of sand or mud indicates the
lower end of the energy spectrum. By reading the
geomorphology of the reach of stream to be crossed,
the experienced turnkey can reasonably approximate
appropriate levels of pipeline protection.
Meandering streams tend to be slow moving, flat
water. Streams with a sinuousity (centerline length
divided by straight line distance) of over 1.5 are
meandering, while a lower number indicates a stream
with a greater slope. In a hillside drainage, the concern
becomes more of gradient-induced vertical erosion,
rather than lateral erosion (meandering) as a cause
of pipeline exposure. In the former case, we tend to
recommend that a directional bore pipeline installation
be nominally 10 feet below the thalweg. Where bank
erosion may be suggested over the pipeline's life,
directional bore termini should be at least one stream
width from either bank.
Northern pipeline engineers should consider the ef
fects of ice on stream flow. When ice covers a stream,
a new friction surface is formed and the stream be
comes a closed conduit with lower discharge because
of the decreased hydraulic radius (Tinsley, 1958). If ice
is thick and confines flow, a greater velocity can erode
a perforation in the ice cover near an obstacle such as
a bridge abutment near the pipe. Scour could occur.
Over ice flow (glaciation) could excise bank material
or armor where the ice cover is breached. A builtup ice coating on bank debris upstream of a pipeline
crossing could be a serious current deflection point in
the proverbial "January thaw". Intense power of water
flowing past such an obstruction (for instance a fallen
tree, boulder, or deformed gabion wall) can erode
pipeline cover. But if the original pipeline installation
was, for instance, downstream of a meander's outlet,
a wing or triangular deflector could be placed to reori
ent a portion of a high-energy (stage) flow away from
the pipeline cover. Overbank river ice moves more eas
ily compared to meandering reaches (Smith, 2000). So
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if there is low channel sinuosity in the reach upstream
of your pipeline crossing, anticipate scouring and de
bris it the sinuosity changes at or downstream of the
crossing.
Also anticipate the affects of aspect. A south-facing
slope receives more direct sunshine, has a higher
evaporation loss, experiences more frequent freezethaws and retains snow/ice cover for a shorter pe
riod than will a north-facing slope (Thornbury, 1969).
Higher temperatures and less soil moisture usually
result in less vegetation. Weathering, sheetwash, and
mass-wasting will be more aggressive on south-facing
slopes, delivering more sediment to the stream.
Because water does not flow naturally in a straight
line, particular attention should be paid during the
planning of a gasline crossing, to the location of
the thalweg — the line of maximum water depth.
A stream's thalweg shifts laterally from bank to bank
over time, as the natural tendency is for stability. Even
in a straight section of stream, the thalweg meanders
within the channel, creating pools, riffles, runs, and
bars in 3-7 stream widths (Hunter, 1991). Cumulative
deposition of storm event debris and normal bedload
accumulation both alter patterns of flow, causing the
thalweg to meander. Sinousity increases length of flow,
the net result of which is dissipation of energy over
thaf of a straight stream reach.

Fig. 4. Hard armor system used on Pipeline 33 crossing Salmon
River. To retain toe subject to 18-foot stage increase and ice/debris
erosion in floods when currents are directed into this bank, repairs
integrate boulders, concrete, gabions and a soil mesh system along
with up-slope site grading. Southern aspect requires porous media
to cope with freeze-thaw of ground and surface water infiltration.

Rigid vs flexibie repair materials

New England and New York extend preference to socalled "hard" armor (Eig. 4), while mid and southwest
ern states favor bioengineering and geotextile "soft"
armor when restoring streams and protecting water
side infrastructure. Coastal engineers long ago learned
that large rigid walls deflect energy, while porous
materials (such as rubble breakwaters and gabions)
absorb the erosive power of penetrating waves and
currents. European hydrologist's consider riprap a
permanent scour countermeasure for stream instabil
ity measures in protecting bridges and facilities (CE,
1999). These countries do not have a problem with
scour because they incorporate countermeasures into
their original design, generating long-term savings
generally absent expensive repairs. While geotextiles
and fascine mats are incorporated, Europeans are
partial to using carefully placed individual stones. Par
tially grouted riprap is used instead of the American
propensity to grout the entire surface — again in an
effort to absorb and dissipate energy that would un
dercut a solid wall. The key is a design that enables
the transformation of destructive water forces into en
ergies that can be managed to reinforce the armor itself.
NY has rock; NM has favored riprap and gabions
because we can buy stone at $11-13 a ton. While flex
ible revetment mats have long been used on southern
river levees and coasts, transportation of small quanti
ties from Dixie has been cost-prohibitive. In 1996 NM
located a NY vendor, and first used mats for protecting

Fig. 5. Concrete mat used to stabilize the bankside drainage ditch
from the highway and also the bed of the stream at Budlong Creek
in Utica, NY.

a pipeline deep on the bed of the Hudson River. Ar
ticulated concrete mats (Fig. 5) we used are designed
for bed velocities up to 18 fps, which correlates to a
design equivalent of 30-inch riprap rock. The 4 x 16-
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nominal settlement is allowable. The 12-inch mats will
hold banks and work well to line ditches, but do not
withstand placement in the beds of streams that are
subject to extreme, periodic and "flashy" discharges.
Regardless of which material is used:
- install protection with a slightly concave bank-tobank profile,
- carry the material above the maximum high water
line,
- align outflow with the downstream thalweg, and
- install in the longitudinal profile in a manner that
creates a series of small baffles or other form of
energy dissipation so that nickpoint and plunge pool
formation is retarded.
Sediment

Fig. 6. Yellow rock shield mesh and sand bedding beneath graded
crushed stone, then fabric lined concrete block mats, with anchors.
Subsequent runoff vibrated the blocks, shredded the stainless steel
cable, and debris carried dislodged several blocks from the mat.
Settlement and loss of bedding material by undercurrents is accel
erating deterioration. Note the temporary diversion pipe.

foot mats are 35-pound blocks 4.5 inches high and
12 inches square, cabled by 1 /8 inch stainless wire rope
and weighing 2240 pounds. This low profile is advan
tageous in maintaining the pipeline's original vertical
position without altering the streambed grade. Cost
ing about $400 per mat, they are easy to transport on
site, quick to install, and generate minimal turbidity
during installation. These are advantages over gabions
and Reno mats which may fail in acidic waters, where
cement leaching will occur, or in streams where local
labor and rock costs are lower or where dump trucks
have easy access.
However, based on our experiences at Budlong
Creek and Willow Creek, inadequately sized bedding
beneath the mat, failure to accommodate settlement,
a flat bank-to-bank installation, and extreme flow
events reduced the mat lifetime. One year after instal
lation another 100-year discharge rotated mat blocks
in Willow Creek enough to break the cable. Conven
tional rip-rap was used in the second repair. While the
Budlong Creek mat installation is still functional two
years later, the complete integrity of the mat was com
promised, and it too will have to be replaced or the
pipe relocated. The mat system (Fig. 6) incorporates
a synthetic mesh pipe wrapping (rock shield), trench
backfill, compacted layers of # 3 and #6 stone, a geo
textile blanket (attached by the mat manufacturer), the
concrete, and adequate bed-to-bank anchoring by ca
ble dogs (duckbills) or heavy armor. It appears that
these articulated mats are fine for low gradient instal
lations, emulating revetments and levee designs where

A stream must have sediment in the water for equi
librium. Contrary to expectations, a sediment-laden
stream tends to have a higher velocity (Blatt, 1972).
These are the storm-related, erosive conditions. Pro
tection should err on the "larger" size, whether using
"hard" or "soft" armor. Many older lines were put in
lands no one else wanted — commonly because these
lands are wet, at least seasonally. Consequently, trench
excavation exposes bed materials, disrupts drainage
patterns, decompacts soils, and unbalances the water
way's dynamics. Sediment is America's most common
water pollutant, so apply five principles of erosion and
sediment control:
1. Keep the disturbed area small. Minimal clearing
and grading preserves natural cover, especially im
portant on erodible soils, steep slopes, or streambanks.
2. Stabilize disturbed area as soon as practicable. Em
ploy either vegetation suitable to the region, soils,
and season, or design a structural plan for diver
sion, storage, and infiltration.
3. Keep water runoff velocities low. Removal of veg
etation and grade changes generally increases the
impervious surface area.
4. Protect disturbed areas from runoff. Install diver
sions to intercept water before it enters the work
area, and provide stable outlets.
5. Retain sediment within the site. Filter it or detain it
with fabrics, hay bales, finely graded gravel, and/or
a basin that allows precipitation and settling.
The Gas Research Institute (1998) reports that excess
sediment in rivers and stream is the largest and most
pervasive water pollution problem faced by aquatic
systems in North America. It is important to know
that turbidity and suspended sediment are specifically
related to the parent geology and basin type, and
therefore are not transferable between river systems.
Each situation will be different, and you must be able
to recognize when sediment and erosion may be an
issue. GRI (1998) reports pipeline installations increase
the sediment load within watercourses as a result of
- instream construction/installation activity.
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- disposal of dredged or fill material directly into the
stream,
- erosion and run-off from adjacent upland worksites,
- discharge of hydrostatic testing waters,
- discharge of waters during trench dewatering,
- backfill of the installed pipeline, and
- ongoing erosion until the ROW is reclaimed.
Sediment is also derived from the "restored" instream excavation area and continues until the stream
reaches natural hydrologic and hydraulic stability.
Regardless, controlling sediment may be the key to
regulatory negotiations.
Fisheries

Most pipeline repairs will invite regulatory scrutiny
and staff may dwell on turbidity limits. Understand
and educate your permit administrators. Turbidity is
but a coarse approximation of the sediment deposition
potential in a stream, and does not represent a bio
logically relevant threshold for protection of aquatic
habitats and organisms (GRI, 1998). Limits to allow
able sediment deposition, or construction windows
that prevent sedimentation during critical lifestages,
are more defensible. Monitoring should be unneces
sary, for direct effects to fish communities are usually
undetectable, and fisheries are quick to recovery. Im
mobile life stages and species immediately adjacent to
the crossing are at greatest risk, but represent a propor
tionately small biomass of the stream.
Elect to work during low flow periods, but recog
nize that higher discharges may "dilute" the adverse
biological affects of sediment. Recognize that a cross
ing may have short-term adverse affects, but the long
term change in streambed structure at the crossing
can be a benefit. Post-construction fish and inverte
brate communities may find the armored pipeline a
new riffle in otherwise flat water. The hard substrate
hosts different insects, and the turbulence increases
dissolved oxygen for a short distance downstream.
Benthic shredders and grazers, indicating high quality
waters, can enhance the midge population that domi
nate mud bottoms.

GENERAL PERMIT AND STANDARD ACTIVITY PERMIT

Culminating three years of negotiations with New
York State Department of Environmental Conserva
tion (NYSDEC), Niagara Mohawk's Environmental
Affairs Department (NM-EAD) in 1998 obtained two
permits that enabled crews to proceed with routine
O&M activities with minimal advance regulatory no
tification. With the new General Permit, activities that
were at or below the NYS "minor action" threshold
could proceed with as little as 15 days notice, while
"major actions" exceeding protective thresholds (al
though then below Corps Nationwide Permit limits)
were candidates for the new Standard Activity Permit.

The permit enables specified activities (e.g., wetlands
herbicide applications) an accelerated review period,
and has pre-agreed conditions. Both permits were
"firsts" for a NYS utility, and carried 5 and 10-year re
newals, respectively. While framed as permits, these
are remarkably similar to the Great Lakes' Hiawatha
National Forest Operations and Management Plan
discussed at this symposium by John Muehlhausen
(2001). In both cases the intent is to secure a pre
dictable timeframe in which the utility can proceed
with defined-scope maintenance activities, and do so
with mutual understanding of and by the agencies.
Geographic Information Systems (GIS) are integral
with this permit model. Initially NM-EAD uses GIS
as a mapping tool to locate the pipeline and stream
crossings in relationship to features to which all parties
can relate. GIS will be used, as appropriate, to calculate
sinuosity, drainage area, apply a factor to estimate
the range in seasonal flows, size stone and materials,
and generate statistics as may be needed to complete
the design and permit. GIS, simply as a "where is
this place?" tool has shaved weeks off our application
process. GIS has also increased our credibility.
A last word on permits. Permits are needed to
destroy beaver dams. Don't create a hydraulic jump
or constriction beavers will adopt. Discourage beavers
by maintaining a "regular" bed and bank profile in
the affected reach of stream. Moreover, draining a
wetland above a beaver dam (for instance, if your
operations crew breeches a dam to facilitate mowing
the ROW) probably contravenes Corps of Engineers
§401 regulations or maybe the Migratory Bird Treaty
Act if nests are disturbed.

LESSONS LEARNED

The exposure of a pipe, or the presence of a noticeable
bank failure near a crossing, indicates that fluvial
processes at work in this stream reach should be
modified. Ask some questions and evaluate the repair
assessment.
Did operations check for "jeeps" and corrosion?
Is the pipe really worth saving, or is a new instal
lation appropriate? Why waste money recovering an
exposure if the pipe itself is damaged, fails to meet con
temporary code, or is at replacement age? Should you
install a spare bypass while the trench is open? Is the
pipe really buried as deep as the as-built drawings de
pict? If the root cause cannot be corrected, should the
crossing be relocated?
Many stream systems will "heal" themselves. Given
time, will your infrastructure still be threatened? Is
this really performing preventive maintenance or cor
recting a deficient design? Does the project warrant
collecting data and arguing a Rosgen classification or
HEC modeling outcomes? Or is a field design (not
overlooking the concepts of these analytical methods)
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Fig. 7. Porous outfall protection (stepped gabions) absorb and dis
sipate energy that is undercutting an interceptor culvert that diverts
water from fhe pipeline rurming directly upslope. The original in
stallation left a 6-foot free fall that scoured and undermined the
headwall placed to hold the drain pipe.

the better business decision? Who is the appropri
ate team to fix the problem? Will an archeologist be
required? What web, organizational, agency, and com
mercial expertise can be queried? Is new directional
boring and pipeline abandonment an option? What are
the materials choices and logistical options? What per
mitting is required, with how much lead-time?
Does the stream channel need to be restored? What
is the bed/bank composition and erodibility? Can the
velocity (energy) be dissipated? Should currents be de
flected? Is an upstream debris obstruction creating a
hydraulic jump that contributes to the pipeline expo
sure? Can fish protection measures be accommodated?
Can native materials and plants be used to restore the
area effectively?
Then consider some responses:
1. Install pipes on the upstream side of highway
culverts, bridges, or other features that obstruct or
alter flow dynamics. Outlet plunge pools (Fig. 3)
tend to develop.
2. Installations downstream of nickpoints should
have outfall protection (Fig. 7).
3. Cross the stream/thalweg at the best angle to
avoid future stream migration (Fig. 8). Anticipate
erosion below Reno mats or stream deflectors
oriented perpendicular to flow.
4. Provide debris catchment and avoidance meas
ures. Do not create an obstacle that will trap debris
and frazil ice at the pipeline. Installation of a
shelter rock for fisheries can be considered, but an
improperly placed boulder will induce scour, and
may adversely affect nickpoints and bank erosion.
5. Place rip-rap and cover materials that will not
(1) dislodge with floods, and (2) obstruct flow
patterns in such a way that undermines the bed or
banks in the vicinity of the pipeline crossing.
6. Consider directional boring (at $ll-22/LF, nomi
nal) instead of open trenching that requires permit,
dewatering, and more time in permitting and
probably in the field (risk of weather).

Fig. 8. Deer Creek exposure from meander migration into south
bank, compounded by upstream debris/shoaling that diverted
currents. Hydraulic capacity increased by widening charmel, debris
cleared upstream and down, trees removed that would capture
flotsam, and gabions installed to move south bank back over the
pipe.

7. Get well below the bed.
8. Pay attention to cultural sensitivities. An onsite
archeologist may add $1500/day for artifact col
lecting, cleaning, photographing, cataloging, and
reporting.
9. Work with farmers/landowners to keep cattle out
of streams.
10. Incorporate bank stabilization, but avoid degrad
ing the bed.
11. Extend trench protection of the meandering stream
up-bank to beyond the crest, or at least as high as
the extraordinary high water mark. An excavated
trench, even if "compacted to 95%" as many con
tracts specify, is much less resistant to erosion than
the undisturbed native materials that have natu
rally compacted over eons (Fig. 1).
12. Install trench breakers up-pipe to reduce pore
pressure behind streambank armor.
13. Allow for settling of trench backfill in the streambed
and banks as fines are washed out. Do not backfill
to the degree that fish passage (Fig. 7) is obstructed
or that a hydraulic gradient is generated.
14. Backfill should be compacted in thin lifts. Grade
lifts upward with increasingly coarser-screen ma
terials. Bedload sediments will become trapped in
interstices over time. Use a top cover of a size that
matches or exceeds the most prevalent larger nat
ural onsite stone. This in situ material reflects the
stream's natural bedload range.
15. Armor the slopes. In high water events the dis
turbed trench soils will erode first. Carry armor
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Fig. 9. Pipeline E-30 and tower leg exposures resulted from a narrow
gully, which made tight turns, to intermittently divert its storm dis
charge along the disturbed earth of the pipeline backfill in a wetland.
Hydraulic radius and capacity was increased, sinuosity redefined,
and banks at turns armored with stone and mats. Allowances w'ere
made to let the stream go out-of-bank in floods.

Fig. 10. Tully Farms Road stream intersected the broken shale
of the original trench cover, and began to follow the pipe. The
stream w’as redirected, stepped gabions installed, but the radius of
curvafure for the bend below the gabions was too tight. Longitudinal
forces scoured the riprap on the outside curv'e that was premature,
demonstrating that meanders tend to migrate downstream. Water
flowing over an obsfruction leaves the obstructing surface flowing
at right angles to it.

t
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Fig. 11. Pipeline E-30 and tower leg exposures resulted from a gully intermittently diverting its storm discharge along the disturbed earth of
the pipeline backfill in a wetland. Hydraulic capacity was increased, sinuosity redefined, and banks at turns armored with stone and mats.

(rip rap or geotextile systems) well abov^e the top of
bank to delay catastrophic failure during the flood
of record (Fig. 4). Armor also deters, or protects
from, fhe ATV fraffic inherenfly drawn fo ufilify
r o w 's !

16. Open riparian weflands to floods (Fig. 9). Bank
berms fhaf were infended fo confine fhe sfream
can induce either inappropriate aggradation or in
cision. Streams and wetlands are natural sponges.
Flood attenuation (reduction in velocity and en
ergy, and erosive currents) may be influenced by
pasf land management activities. Consult with
landowners to remove relic berms that no longer
protect abandoned agriculture. This may allow the
stream to go overbank, recreate riparian wetlands,
and reduce erosion. The benefit may be a raised
water table in adjacent lands that halts down
cutting of fhe sfreambed. The downside may be
maintenance access through another wetland.

17. Learn to use CIS for permif mapping and projecf
evaluafions; inferpref fhe big view.
18. Calculafe sinuosify and decide if meander migrafion will fhreaten your insfallafion.
1 9 . Concentrate on getting the slope right in the re
stored reach (sinuosity calculation). A correct local
channel length, in proportion to the slope, will
keep your repairs from blowing ouf (Fig. 10).
20. Observe presence of nickpoints and project the bed
erosion rate.
21. Plan for dislodged soils; several repairs were due,
in parf, to decompacted soils (Fig. 11).
22. Manipulate conditions that induce bed aggrada
tion, if beneficial.
23. Insfall maferials, adequafely graded and bedded,
fhaf reflecf dynamic equilibrium conditions within
that reach of sfream.
24, Design for high flow — nof fhe sfable flow. Look
for ferraces af and above fhe bank-full (wifnessed
or perceived) condifion.
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25. Logically present all considerations to your permit
administrator.
26. Explain environmental and natural resource bene
fits of your project design.
27. Make a business decision: identify the problem,
determine if it should/can be fixed.
28. Optimize installation on height-of-land. Try to
install as much of your pipeline on high ground,
staying on the ridges, rather than striking across
the gullies or breaks in slope where mass wasting
and erosion are more likely to erode cover and
bedding. Try to accommodate gentle terrain breaks
by crossing contours at a moderate angle.
Lesson summary

More important than applying these lessons to repairs,
is to plan and design new gas line facilities from the
onset to avoid conditions that may result in the need
to repair exposures. Keep your regulator stations out
of the wetlands and away from the banks of rivers
and streams. An adequately designed installation, lo
cated with an understanding of runoff, hydrology,
and soils/surficial geology may preclude later repairs
due to backfill or armor displacement. As we saw
in the Pipeline 33 cases on the Salmon River (Fig. 3)
and Sandy Creek, the crossing is aligned directly be
low the confined discharge exiting bends in the water
course. If the alignment could not have been moved
up/downstream to transect perpendicularly the high
flow pattern, the initial armor design could be made to
compensate for anticipated erosive events.

ACKNOWLEDGEMENTS

Thanks to M. Corbett, C. Sheldon, J. Sullivan, and
the Gas Operations staff who gave me the opportu
nity to help, for the quality construction services of
B. Newton, R. Ray, and B. Hunter, and to K. Finch for
negotiating their contracting rate.

REFERENCES
Blatt, Harvey, Gerard Middleton, and Raymond Murray. 1972.
Origin of sedimentary rocks. Prentice-Hall, Englewood Cliffs, NJ.
634 pp.

Civil Engineering. July 1999. Hydrology: Europeans offer bridge
scour and stream stability solutions. P22.
Gas Research Institute. February 1998. Topical Report 97/0244:
Suspended sediment and turbidity conditions associated with
instream construction activities — An assessment of biological
relevance. Chicago, IT. 331 pp.
Heisler, Sanford I. 1984. The Wiley engineer's desk reference. Wiley
Interscience. NYC, NY. 567 pp.
Hunter, Christopher J. 1991. Better trout habitat — A guide to stream
restoration and management Montana Land Alliance. Island
Press, Washington, DC. 320 pp.
Ibid. April 1998. Topical Report 97/0243: Sediment entrainment due
to pipeline watercourse crossing construction. Chicago, IL. 48 pp.
Linsley, Ray K., Jr., Max A. Kohler, and Joseph L.H. Paulhus. 1958.
Hydrology for engineers. McGraw-Hill, New York, NY. 340 pp.
Muehlhausen, John. 2001. Operation and maintenance activities on
public lands. In: Proceedings 7th International Symposium on
Environmental Concerns in Rights-of-Way Management.
Smith, Deraid G. and Cheryl M. Pearce. June 2000. River ice and its
role in limitig woodland development on a sandy braid-plain.
Milk River, Montana. Wetlands, 20(2): 232-250.
Thombury, William D. 1969. Principles of geomorphology. John
Wiley & Sons, New York, NY. 594 pp.

BIOGRAPHICAL SKETCH
Scott D. Shupe
Environmental Affairs Department, Niagara Mohawk
Power Corporation, 300 Erie Boulevard West, Syra
cuse, NY 13202, (315) 428-6616 (desk), (315) 428-3549
(FAX), E-mail: Scott.Shupe@us.ngrid.com
Scott D. Shupe, Environmental Analyst at Niagara
Mohawk, holds a BS in Biology and a MS in Water Re
source Management from SUNY College of Environ
mental Science and Forestry, and a MS in Science Man
agement from the University of Alaska-Anchorage.
His career has sparmed the planning-constructionoperations spectrum, including powerline construc
tion, small hydropower and navigation planning,
emergency management, hydroelectric relicensing, gas
pipeline licensing and operations, and is currently in
volved with other regulatory issues associated with
utility ROW management.

r
‘r'»
jf ■

i"
K- ’
V

t

Part XI
Pesticides

649

Human Health Risk Assessment for the Use of
Herbicides on Electric Utility Rights-of-Way
on the Allegheny National Forest, USA
Logan A. Norris, Frank Dost, and Rufin VanBossuyt Jr.

H e rb icid e s w e re a c o m m o n ly u se d to o l fo r m a n a g in g ta ll-g ro w in g v e g e ta tio n o n e le c tric u tility
R O W o n th e A lle g h e n y N a tio n a l F o re s t in P e n n sy lv a n ia u n til 1 9 9 0 . B e tw e e n 1 9 9 0 a n d 1 9 9 8 ,
v e g e ta tio n m a n a g e m e n t w a s re s tric te d to m a n u a l a n d m e c h a n ic a l m e th o d s . A n EIS th a t c o m p lie d
w ith N E P A p ro v id e d th e b asis on w h ich h e rb icid e u se co u ld re su m e . A k e y p a r t o f th e E IS w a s
th e risk a s se s sm e n t fo r h u m a n h e a lth a n d im p a c t o n o th e r o rg a n ism s fo r g ly p h o s a te , p iclo ra m ,
fo sa m in e a m m o n iu m , im a z a p y r, m e ts u lfu ro n m e th y l, an d tric lo p y r h e rb icid e s. T h e a s se s sm e n t
sh o w e d th e se h erb icid e s co u ld b e u se d safely w h e n m itig a tin g m e a s u re s s u c h as sig n a g e , lim ited
o p e ra tio n s o n ste e p slo p e s an d n o -s p r a y b u ffers a ro u n d se n sitiv e sites w e re e m p lo y e d . S u ccessfu l
R O W v e g e ta tio n s p r a y o p e ra tio n s w e re c o n d u c te d in 1 9 9 8 , 1 9 9 9 , a n d 2 0 0 0 . T h e sp ecific b u ffer
z o n e s tra te g ie s p ro te c te d w a te r q u ality , w ith n o d e te cta b le h e rb icid e re p o rte d .

Keywords'. P ic lo ra m , tric lo p y r, m e tsu lfu ro n m e th y l, im a z a p y r , fo sa m in e a m m o n iu m , g ly p h o s a te ,
to x ic ity , v e g e ta tio n m a n a g e m e n t

INTRODUCTION

Allegheny Power and GPU Energy have 125 miles (955
acres) of electric utility ROW (both transmission and
distribution) that cross portions of the Allegheny Na
tional Forest (USDA Forest Service) in Pennsylvania,
USA. The utilities had used herbicides on the ROW on
the Forest prior to 1990, but since 1990 only manual
and mechanical methods have been used. The utilities
felt that they needed to return to the use of herbicides
to reduce long-term costs and the management inten
sity needed, as these sites were becoming increasingly
dominated by dense sprout clumps of tall growing
trees. However, the USDA Forest Service determined
that there was no National Environmental Policy Act
(NEPA) basis for the use of herbicides on these ROW,
and that an Environmental Impact Statement (EIS)
must be approved before herbicide use could occur.
Working collaboratively with the utilities and the
Allegheny National Forest, Environmental Consul-

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

tants, Inc. (ECI) prepared a site-specific EIS that was
accepted by the USDA Forest Service in 1997 (USDA
Forest Service, 1997; Norris, 2000). It successfully with
stood appeals and was the basis for the vegetation
management program that followed in 1997-2000. This
paper provides a brief introduction to NEPA but con
centrates on the technical basis for the use of herbicides
as part of a program of integrated vegetation manage
ment. The dominant focus is on the behavior of chemi
cals in the environment, human health risk assessment
and effects of herbicide use on the environment.

NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)

The National Environmental Policy Act, or NEPA, is
the basic public law governing federal programs that
may impact the environment. This includes the man
agement of ROW of all kinds (electric utility, pipelines,
roads and highways, rail lines, etc.) on federal prop
erty. NEPA was established as law in 1969. It was
amended in 1975 and 1982, but the law remains fun
damentally the same. The purpose of the act is to
"develop a policy that will (a) encourage productive
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and enjoyable harmony between man and his environ
ment, (b) promote efforts which will prevent damage
to the environment and stimulate the health and wel
fare of man, and (c) enrich the understanding of eco
logical systems and natural resources important to the
Nation."
The key elements of the National Environmental
Policy Act are that all federal agencies shall:
1. Utilize a systematic, interdisciplinary approach that
will ensure the integrated use of the sciences and en
vironmental design arts in planning and decision
making (means no "seat of the pants" estimates in
planning).
2. All federal agencies shall give appropriate consid
eration in planning to presently unquantified envi
ronmental amenities and values (means more than
economics is to be considered).
3. The Act establishes specific responsibilities for des
ignated "responsible officials" for what are called
"major federal actions affecting the quality of the
human environment" (means a specific individual
IS responsible/accountable for the decision).
If ROW management activities occur on federal
property, they are subject to NEPA. The implementa
tion of NEPA is still highly structured, very public,
vulnerable to delays, and to appeals and litigation.
In addition, it takes time, costs money and does not
necessarily have a certain outcome. Ail of this sounds
terriblv complex, but operating on federal lands is pos
sible as long as you know' and understand the rules.
Here are some resources that may help;
- On the World Wide Web: http://ceq.eh.doe.gov/
nepa/nepanet.htm. You will find a full-text copy of
NEPA and many other useful materials at this site.
- If you are considering operating on a particular piece
of federal property, ask the agency managing this
property for a copy of their NEPA regulations. The
USDA Forest Service calls this the Environmental
Policy and Procedures Handbook and it details
the Council of Environmental Quality regulations
needed for compliance. It w'ill also be helpful to
examine an EIS relevant to your type of operations.
- Norris (199h) described NEPA and how' it operates
with respect to ROW management on federal prop
erties.

PREPARING AN EIS

The EIS evaluates the appropriateness and environ
mental effects of various vegetation management al
ternatives, including the use of six specific herbicides.
The EIS provides an extensive review of scientific in
formation on the movement and persistence in the
environment, toxicity to humans and other mammals,
birds and aquatic species, and effects on soil, water and
vegetation. The herbicides included were;
- Eosamine ammonium (Krenite UT*)

-

Glyphosate (Accord®)
Imazapvr (Arsenal®)
Metsulfuron methvl (Escort®)
Picloram (Tordon K *)
Triclopyr (Garlon 3A® and Garlon 4®).
The 133-page Appendix A of the EIS reports in
detail what is known about the movement, persistence
and fate of these herbicides, and provides the details
of the human health risk assessment. Appendix C
(28 pages) includes the risk assessment for non-human
mammals, birds and aquatic species (USDA Forest
Service, 1997).
The USDA Forest Service Record of Decision was
finalized in May of 1997, with the use of selected
herbicides, alone or in combination, and alone or in
combination with manual and/or mechanical meth
ods as the preferred alternative. The approval was
appealed in writing by members of the public, but the
appeal was denied by the Forest Supervisor and the
Regional Forester (the next higher level of authority).
Under this EIS, the utilities are allowed to resume the
use of herbicides, as described in the EIS, until signifi
cant new information is available that might require a
change in the EIS or the decision. Allegheny Power re
sumed their use of herbicides in 1998, and GPU Energy
did so in 1999 and 2000.

RISK ASSESSMENT

Risk assessment is the process by which the likelihood
of adverse effects from the use of a herbicide is
determined. The process is not unique to herbicides
and their use on ROW. It is also used to determine
the likelihood of adverse effects from food additives,
medications, household and industrial chemicals, and
environmental contaminants. It is soundly based on
widely accepted theory and practice in toxicology,
chemistry and biology.
Risk is not determined solely by the toxicity char
acteristics of the chemical, or only the exposure organ
isms may receive in a particular pattern of use. It is
a combination of both of these distinct items. Risk as
sessment has three components:
- Hazard analysis — in which the critical toxicity char
acteristics of each compound are identified. The
hazard is expressed as the response of organisms
to varying levels of exposure of herbicide, usually
in controlled laboratory experiments. The exposure
in these tests is usually expressed as milligrams per
kilograms per day (mg k g '* d '* ). Most importantly,
the hazard analysis identifies the lowest reliable noobservable-effect-level (NOEL), which is crucial to
the risk assessment for humans, other mammals,
birds, and aquatic species (Fig. 1).
- Exposure analysis — in which the level of exposure a
human or other organism is likely to receive is quan
tified. This requires knowing the routes by which
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Fig. 1. The relationship between the level of toxic response to the size of fhe dose.

Table 1. Laboratory determined L D _ 5 q and no-observed-effect-levels (NOEL)^
Chemical

Fosamine ammonium
Glyphosate
Imazapyr
Metsulfuron methyl
Picloram
Triclopyr

Acute oral
LD _ 5 o, rat
(mg k g - ’ )
7000
>5000
>5000
>5000
3000
300 -> 2000

Lowest systematic
toxicity NOEL
(m gkg-1 d -1)
10 (90-days, rat)
362 (2-year, male rat)
500 (1-year, rat)
25 (2-year, rat)
7 (180-day, dog)
5 (rat reproductive)

Lowest reproductive maternal
fetotoxic or teratogenic toxicity
NOEL (m gkg-1 d " ’ )

1000 (maternal rat)
>3000
175
300
25
400
5

(fetal rat)
(fetal and maternal rabbit)
(maternal rat)
(maternal rabbit)
(fetal and maternal rabbit)
(rat reproductive)

^From Tables 7 and 8, Appendix A, USDA Forest Service, 1997.

exposure may occur: ingestion of contaminated food
and water, exposure through the skin or inhalation
of contaminated air. The information on the move
ment, persistence and fate of an herbicide in the
environment is used to estimate exposure (Appen
dix A, USDA Forest Service, 1997). As examples:
- Leaching and persistence characteristics in soil deter
mine the potential for impact on ground water
quality, and the tendency to drift or runoff deter
mines the impact on surface water quality, both of
which determine the possibility organisms could
be exposed by ingestion of this water,
- Persistence in vegetation determines the potential
exposure of organisms that eat the vegetation, and
- Volatilization determines impacts on air quality
and the potential for inhalation exposure.
Risk analysis — in which the expected exposure
(from the exposure analysis) is compared to the
NOEL (from the hazard analysis) and the risk de
scribed as the margin of safety.
What constitutes safety? A margin of safety that
is 100 or greater than the NOEL is the commonly
accepted criterion (regulatory standard) for human
safety. If the exposure that is expected or possible
from the specific proposed use of a specific herbicide

is 100 times less than the NOEL, the margin of
safety is 100. Risk analysis is more complicated if the
chemicals in the analysis are carcinogens. None of
the herbicides included in the EIS are carcinogens.
If they had been, a cancer risk analysis would be
required to determine the probability of causing
cancer. The common regulatory standard for this is
one excess cancer in one million lifetimes. Cancer is
a very common human disease, occurring naturally
approximately 250,000 times in a population of one
million. The standard allows an increase in the
incidence of cancer from the natural level of 250,000
to 250,001 in a population of one million.
For each of the six herbicides included in the EIS, the
following section summarizes the environmental be
havior and the results of the hazard analysis, exposure
analysis and risk analysis from the EIS (USDA Forest
Service, 1997). The essential quantitative measures of
toxicity, exposure and risk are in Tables 1-3.

FOSAMINE AMMONIUM (KRENITE UT®) MOVEMENT,
PERSISTENCE AND FATE IN THE ENVIRONMENT

Fosamine ammonium is used for post-emergence con
trol of woody plants. It is adsorbed to soil particles.
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Table 2. Estimated typical exposure of the public and workers, mg kg ^

Krenite

Accord

0.0046

0.0003
0.00004

Public
Dermal^
Water
Food-’

0.0002
0.01

Workers
HV foliar
LV foliar
Cut-surface
Spild

0.007
0.205
NA
0.31

0.001
0.004
0.051
0.033

8.2

Arsenal

Tordon K

Escort

Garlon 3A

Garlon 4

0.00045

0.00001
0.00002

0.0001
0.00001

0.0004

0.0004

0.0001

0.0001

0.0009

0.0003

0.004

0.004

NA
0.00037
NA
0.49

0.0005
NA
NA
NA

0.0059

NA
0.0085
NA
12.3

0.00002
0.001
0.0037
0.051
NA
11.4

0.012
0.0046
8.9

' From Tables 27--34, Appendix A USDA Forest Service, 1997.
“Dermal exposure levels are from contact with treated vegetation just after treatment. Dermal exposure from drifi: is typically 5-10 times less.
’Food includes the sum of possible exposure to contaminated fish. meat, produce and berries.
’ The spill is not considered a typical exposure. It is considered a maximum exposure scenario.

Table 3. Representative margins of safety for systemic effects, typical exposure^

Public
Drift
Water
Food

Krenite

Accord

>10,000
>10,000
6575

>10,000
>10,000
>10,000

>10,000
>10,000
>10,000

>10,000
>10,000
>10,000

7150
244
3125
3

>10,000
7000
>10,000
44

>10,000
>10,000
NA
44

NA
>10,000
NA
14

Workers
HV foliar
LV foliar
Cut-surface
SpilF

Arsenal

Tordon K

Escort

Garlon 3A

Garlon 4

>10,000
>10,000
>10,000

>10,000
>10,000
>10,000

>10,000
>10,000
9000

>10,000
NA
NA
NA

5100
2500
6500
3

NA
3500
NA
24

' From Tables 27-34, Appendix A, USDA Forest Service, 1997.
“The spill is not a typical exposure. It is a worst case, maximum exposure scenario.

rapidly degraded in soil (half-life <7 days) and is rela
tively unstable in water. It is absorbed by plant stems,
buds and foliage. Absorption through young stems
appears to occur more readily than through foliage.
Laboratory studies indicate that fosamine ammonium
is translocated throughout the plant; however, in prac
tice, effective action requires complete coverage of all
aerial parts of woody plants. Fosamine ammonium
has a short persistence in plants and is metabolized to
products that in turn have a relatively short half-life.
It does not bioaccumulate in animals. The movement,
persistence and fate of fosamine ammonium are re
viewed in defail in Appendix A, USDA Forest Service
(1997).

HAZARD ANALYSIS

Most of the information on the toxicology of fosamine
ammonium is unpublished registration data reviewed
by USDA Forest Service (1984) and discussed below
without reference. Later unpublished registration data
and published reports are specifically referenced.

Acute toxicity

The acute oral LD 5 0 for fosamine ammonium is
24,000 mg kg^* in the rat and 7400 mg kg“ ^ in the
guinea pig. When administered by injection under the
skin, the LDso was 3000 mg kg“ ^. The difference from
the oral LD 5 0 demonstrates the poor absorption from
the gut.
The acute dermal LD3 0 of the formulation, including
surfactant, in rabbits is greater than 5000 mg kg~',
apparently the highest dose tested. Ten daily doses
of 2200 mg kg^^ produced no toxic effects. Dermal
application to rabbits for 6 h d“ ^ over 2 1 days at doses
of 50, 500, and 1500 mg kg“ ^ d“ ’ caused no clinical
changes, no changes in blood or urine chemistry or
morphology, and no cellular pathology (Mackenzie,
1991). It does not cause allergic sensitization.
The active ingredient is not an eye irritant, but with
surfactant the formulation causes transient irritation
and corneal opacity. Inhalation exposure to full formu
lation for four hours indicated a median lethal dose
results from a concentration in air of 3 g M “^ for rats.
In neurotoxicity testing, male rats were given
2000 mg kg“ ' d“ ’ for 5 days. Cholinesterase activ
ity of plasma, serum and three regions of the brain
were not changed by the treatment. There was no other
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indication of toxicity (Mackenzie, 1993). Fosamine am
monium does not produce delayed neurotoxicity, or
inhibition of neurotoxic esterase or acetylcholine es
terase after acute intoxication of hens (Fletcher, 1993).
A subchronic neurotoxicity assay in rats at dose rates
up to 1000 mg kg~^ d“ ^ for 96 days caused no changes
in motor activity or functional parameters and no
neural pathology (Christoph, 1993a). Acute neurotoxi
city at single oral doses of 0, 500, 1000, 2000 mg kg“ ^
also caused no observable changes in the test battery
administered prior, 2-3 h, 8 and 15 days after adminis
tration (Christoph, 1993b).
Chronic toxicity

Feeding of diets containing up to 10,000 ppm fosamine
ammonium for 90 days produced equivocal renal
tubular effects in rats; the US Environmental Protection
Agency (USEPA) has judged the NOEL to be 200 ppm
or 10 mg kg“ ^ d“ ^ Dogs fed up to 10,000 ppm (280 mg
kg“ ^ d“ ^) for six months were unaffected except for
greater stomach weights in females at the highest
dietary concentration (Kaplan, 1993).
A developmental toxicity assay in rats at doses of
0, 50, 350, 1000, 3000 mg kg“ ^ d“^ over days 7-16
caused diarrhea, erratic weight gain and depressed
feed consumption at the highest dose, and marginal
effects at 1 0 0 0 mg kg~^ d 'k
Reproductive toxicity

In rats at 3000 mg kg~^ d“^, pregnancy rate, miscar
riage, resorption, litter size, and fetal death did not
differ from control. The NOEL for maternal toxicity
was 1000 mg kg“ ^ d“ ^; the fetal NOEL was in excess
of 3000 mg kg“ ^ d“ ^ (Alvarez, 1992).
In an earlier rat teratogenicity study, a dietary
concentration of 10,000 ppm of the 42% formulation
(about 210 mg kg“ ^ d“ ') fed from days 6-15 of
gestation produced no birth defects, and no fetal
or maternal toxicity. A single generation, two litter
reproduction assay indicated no adverse effects at
10,000 ppm in the diet (DuPont, 1983).
Mutagenicity and carcinogenicity

Fosamine ammonium is not mutagenic in S. typhimiirium bacterial assays (Reynolds, 1991). A point muta
tion assay in Chinese hamster ovary (CHO) cells was
negative, as was an in vivo bone marrow cytogenetics
assay in rats. An in vitro test for chromosome damage
in CHO cells was positive. Fosamine ammonium does
not induce unscheduled DNA synthesis (USDA Forest
Service, 1989).
The weight of evidence indicates that fosamine am
monium does not have mutagenic potential. Because it
has no uses on food crops, and no characteristics sug
gesting carcinogenic potential, fosamine ammonium
has not been assayed for carcinogenicity.

653

EXPOSURE ANALYSIS
Ingestion

Fosamme is absorbed by stems, buds and foliage of
plants. In forage plants, it dissipates rapidly with
time after application, showing a half-life of seven
days, and none defected one year later (USDA Forest
Service, 1984). This indicates the duration of exposure
of humans due to ingestion of treated vegetation
will be only a short period of time after application.
Fosamine is rapidly excreted from animals in feces and
urine, and shows no tendency for bioaccumulation.
In water, microbial decomposition is believed to be
the dominant mechanism of dissipation, although in
moving water systems it is likely that dilution and
movement with the water are also important. Analysis
of fhe human exposure via this mechanism focuses on
the period shortly after application.
Inhalation

The vaporization of fosamine is negligible because of
its low vapor pressure (USDA Forest Service, 1984).
Thus, the opportunity for inhalation exposure is lim
ited to the time that spray droplets may be in the air.
Dermal exposure

The low solubility of fosamine in fatfy solvents indi
cates there is little potential for movement across the
skin, making the potential for human dermal exposure
quite limited. It will be highest when an individual
comes in direct contact with the wet spray.

RISK ANALYSIS

Fosamine ammonium (Krenite UT®) presents a very
low level of risk to the public in typical exposure
scenarios. The margin of safety is greater than 6000
in every case, and in all but two cases is greater than
10,000. For workers (applicators), the margins of safety
are lower but are greater than 2 0 0 in every instance
and are greater than 1 0 0 0 in all but one case for typical
exposures. In a worst-case scenario, the direct spill
of herbicide concentrate on the skin can result in a
margin of safety of 3, which is significantly less than
1 0 0 , emphasizing the importance of careful handling,
the use of protective gear and rigorous sanitation.

GLYPHOSATE (ACCORD®) MOVEMENT, PERSISTENCE
AND FATE IN THE ENVIRONMENT

Glyphosate is absorbed by plant foliage and is then
readily translocated throughout the plant to roots and
rhizomes where it inhibits further growth and sprout
ing. It is not metabolized by plant tissue. Glyphosate
has a very low lipid solubility and thus has little ten
dency to bioaccumulate in animals. Cows fed glypho
sate had undetectable levels of residue in their milk.
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Glyphosate is completely and rapidly degraded
in soil by microbiological activity but is resistant to
chemical degradation in the soil environment (soil
half-life <60 days). It is stable to sunlight, is resistant
to leaching, has a low tendency to runoff, is strongly
adsorbed to soil particles, has a negligible volatility,
and has a minimal effect on soil micro flora. Soil micro
flora degrade glyphosafe fo aminomefhyl phosphonic
acid (AMPA), which is somewhat more stable than
glyphosate but is degraded over time.
In aquatic systems, glyphosate is strongly adsorbed
to both organic and mineral matter and is degraded
primarily by microorganisms. The rate of degradafion
of glyphosate in water is generally slower than it is in
most soils because there are fewer microorganisms in
water than in soil. Only very small amounts of applied
glyphosate are removed in runoff. The movement,
persistence and fate of glyphosate are reviewed in
detail in Appendix A, USDA Forest Service (1997).

HAZARD ANALYSIS

A Reregistration Eligibility Decision Document has
been issued for glyphosafe (USEPA, 1993). Information
in this section comes from that document and the
toxicology information summary (Monsanto, 1983);
see also Syracuse (1996b).
Acute toxicity

Acute oral LD 5 0 in the rat is >5000 mg kg“ ^. The acute
dermal LD 50 for rabbits is > 2 g kg~h Glyphosate is a
mild eye irritant and slight skin irritant, and does not
cause skin sensitization.
Chronic toxicity

In a 90-day study, rats were fed diets containing 0,
1000, 5000, and 20,000 ppm, equivalent to 0, 63, 317,
and 1267 mg kg“ ' d“^ for males and 0, 84, 404, and
1623 mg kg^' d~^ for females. Serum glucose was
increased in males af the two higher doses but not in
a dose-related maimer, and not in excess of normal
limits. In a subsequent chronic study, however, the
effects on serum phosphorous and potassium were
not seen, suggesting that they were not related to
treatment. In a similar study of mice given 0, 250, 500,
and 2500 mg kg^^ d“\ body weight was decreased in
the high dose group, but no other change was detected.
A chronic dietary study of male rats given 0,89,362,
or 940 mg kg^^ d “ ^ and females given 0, 113, 457, or
1183 mg kg“ ^ d^’ indicafed effects only in the high
dose group. Females gained less weight than controls,
and males were found to have increased frequency of
cataracfs and increased liver weight. The NOEL was
362 mg kg^* d^^ for males and 457 mg kg“ ' d“ ^ for
females.
Dermal exposure of rabbits to 100, 1000, and
5000 mg glyphosate kg~^ d“\ five days per week for

three weeks caused minor skin irritation at the highest
doses, but no systemic effects. The systemic NOEL was
5000 mg kg d " ' .
Mice on diets providing dose rates of 0, 150, 750,
and 4500 mg kg ’ d~' were fed for 18 months. At
the highest dose rate, weight loss occurred, along
with cellular effects that were determined to be non
treatment related. The no-effect level was determined
to be 450 mg kg"^ d k Male beagle dogs given up
to 500 mg glyphosate per kg daily for a year were
unaffected at any dose rate.
Reproductive toxicity

In an early three-generation reproduction studv in rats,
kidney lesions were found in males of the second
litter in the third generation at the highest do.se,
30 mg k g "' d“ k A second studv, employing doses of
0, 100, 500, or 1500 mg kg“ ' d""^, did not produce the
kidney effects seen in the earlier work. The systemic
and developmental NOELs were 500 mg kg^' d~k and
the reproductive NOEL was 1500 mg kg“ ' d“ k
Developmental toxicity in rats was assayed at dose
rates of 0,300,1000, and 3000 mg kg“ ' d“ ' by stomach
tube during days 6-19 of gestafion. Mafernal and fe
tal toxicity appeared at the highest dose rate, and there
was no effect on either fetal development or maternal
heal th at a dose rate of 1000 mg kg“ ' d “ k Rabbits were
administered 0,75,175, or 350 mg glyphosate kg“ ' d “ ^
through days 6-27 of gesfation. Severe mafernal foxicify occurred at the highest dose. The NOEL for bofh
maternal and fetal effects was 175 mg kg“ ^ d“^.
Mutagenicity and carcinogenicity

Glyphosate is considered to have no mutagenic or car
cinogenic activity (Syracuse, 1996b). Specifically, gene
mutafion assays with several strains of Salmonella
wifh and withouf metabolic activation were all neg
ative. A gene mutation assay in CHO cells (HGPRT
assay) with and without metabolic activation was neg
ative up to a concentration of 10 mg ml“ k Hepafocyte
DNA repair was nof induced by glyphosate, and an in
vivo bone marrow cytogenicity assay was also negative
(Li and Long, 1988; USEPA, 1993).
A bone marrow structural chromosome aberration
assay in the rats (dose, 1 0 0 0 mg kg^')/ ®nd bone mar
row micronucleus tests in the mouse, was done with
both Roundup® formulation (high dose 200 mg kg^^
as glyphosate IPA; 24 h assay) and glyphosate IPA
(high dose 200 mg kg“ k 24 and 48 h) Rank et al. (1993).
Unlike other studies. Rank et al. (1993) found a weak
response to glyphosate with tester strains TA 98 with
out, but not with, activation and weak response in TA
100 with activation. Neither finding was dose-relafed
and neither was found in other laboratories at higher
concentrations.
An 18-month study of mice at a maximum dose
rate of 4500 mg kg^'^ d“ ' produced some systemic
pathology in the high dose group but no carcinogenic
response. In high dosage exposures in rats, no increase
in tumor incidence occurred (USEPA, 1993).
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EXPOSURE ANALYSIS
Ingestion

Glyphosate is absorbed by plant foliage and readily
translocated throughout the plant. It is not readily
degraded by plant metabolism, so residues in the
plant remain available for ingestion by humans and
other animals as long as the plant material is suit
able for consumption. Glyphosate has very low ten
dency to be incorporated into animal tissues due to
its low octanol:water partition coefficient (0.017) and
very limited tendency to cross gastrointestinal mem
branes. Residues that do occur in the body are rapidly
eliminated (USDA Forest Service, 1984). These charac
teristics minimize the exposure of humans and other
animals due to eating of animals that may have been
areas treated with glyphosate. In aquatic systems,
glyphosate is strongly adsorbed to organic and mineral
matter and is degraded primarily by microorganisms,
although the rate of microbial decomposition is slower
in water than in soil. The concentration of glyphosate
remaining in water is influenced primarily by the
amount of herbicide that enters the water, the volume
of water exposed and its rate of movement.
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major route of degradation is photolysis with some
contribution by aerobic microbes. Field studies with
radioactive imazapyr showed that loss of radioactiv
ity was primarily from the top three inches of the soil
profile, indicating that imazapyr has low potential for
leaching. Imazapyr has low potential for bioaccumu
lation. The hydrolytic half-life of imazapyr at pH 7.0
was calculated to be 325 days, indicating that hydroly
sis is not a major route for environmental degradation.
A half-life of <30 days is expected in many forest soils.
The movement, persistence and fate of imazapyr are
reviewed in detail in Appendix A, USDA Forest Ser
vice (1997). USEPA (1985) is also a useful reference for
imazapyr.

HAZARD ANALYSIS

Available data on the toxicology of imazapyr is sum
marized in a background statement (Weeks et al., 1988)
prepared in 1987 for USDA Forest Service, and from an
undated summary of test results provided by Ameri
can Cyanamid (the registrant).

Inhalation

Acute toxicity

Glyphosate has a low vapor pressure so it does not
volatilize into the atmosphere. Any residues in air
dissipate by dilution and movement with wind. Hu
man exposure via inhalation includes this aspect of
glyphosate environmental fate in air.

The acute oral LD 5 0 for imazapyr is greater than
5000 mg kg“ ^. The acute dermal LD 5 0 is in excess of
2000 mg k g “^. The compound caused eye irritation in
the rabbit with recovery in seven days. It is a mild skin
irritant. The acute oral LD 5 0 of the formulation was
greater than 5000 mg kg^’ . The acute dermal LD 5 0 for
the formulation was 2148 mg kg“ h The formulation
affected the eyes and skin in the same way technical
imazapyr did.
An inhalation study of rats maintained in a concen
tration of 5.1 gm technical imazapyr per cubic meter of
air for four hours caused nasal irritation that was re
solved by the second day. In 14 days of observation,
there was no effect on body or organ weight. A similar
assay of the formulation provided a similar result.

Dermal absorption

The tendency of glyphosate to bind tightly to soil and
other organic materials limits dermal exposure to her
bicide deposited directly on the skin in connection
with the application. Direct exposure of skin is in
cluded in the dermal exposure analysis.

RISK ANALYSIS

Glyphosate (Accord®) presents a very low level of
risk to the public in typical exposure scenarios. The
margin of safety is greater than 1 0 , 0 0 0 in every case.
For workers (applicators), the margins of safety are
lower but are greater than 7000 for typical exposures
in every instance. In a worst-case scenario, the direct
spill of herbicide concentrate on the skin the margin
of safety is 44, which is significantly less than 100,
emphasizing the importance of careful handling, the
use of protective gear and rigorous sanitation.

Chronic toxicity

Neither imazapyr nor the IPA formulation caused
dermal sensitization in guinea pigs.
Twenty one-day dermal toxicity studies were con
ducted with both imazapyr and its formulation in
rabbits. Dose rates were 100,200,400 mg kg“ ^ d“ ’ , 6 h
each day, five days a week for three weeks. There was
no toxicity associated with the treatment.
No treatment-related effects have been found in
rats maintained on dietary levels of imazapyr up to
500 mg kg'^ d“ ^ (10,000 ppm).

IMAZYPYR (ARSENAL®) MOVEMENT, PERSISTENCE
AND FATE IN THE ENVIRONMENT

Reproductive toxicity

The isopropylamine salt of imazapyr has a calculated
half-life in soil at a forest study site of 19-34 days. The

Developmental toxicity (teratogenicity) studies have
been conducted in rats and rabbits. Rats were admin
istered by gavage 0, 100, 300, or 1000 mg imazapyr
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kg '
on gestation days 6-15. There were no ter
atogenic or other pathological findings. The dose rates
for rabbits were 0, 25,100, and 400 mg kg“ * d“ ', dur
ing gestation days 6-18. In this assay, no effects on fetal
development were found.
Mutagenicity and carcinogenicity

Ames tests for reverse mutations with strains of Sal
monella with and without metabolic activation were
negative (American Cyanamid, 1986a). Other muta
genicity assays reported in an imazapyr background
statement prepared for USDA Forest Service by LabatAnderson, Inc. (Weeks et al., 1988) include an in vitro
Chinese hamster ovary (CHO) cell mutation assay, an
in vitro CHO chromosomal aberration assay, dominant
lethal assay in mice, and unscheduled DNA synthesis
assay in rat hepatocytes. USEPA has classified imaza
pyr in Group E, "no evidence of carcinogenicity in at
least two adequate animal tests in different species"
(USEPA, 1995a).

EXPOSURE ANALYSIS
Ingestion

Imazapyr is absorbed readily through foliage and
roots, translocates rapidly throughout the plant and
tends to concentrate in meristematic regions. It dissi
pates fairly quickly from plant tissues, with a half-life
reported to be 12-40 days. Mechanical loss due to
wind erosion and wash-off by precipitation are also
important factors in reducing the residue levels of picloram in and on vegetation (USDA Forest Service,
1984). Imazapyr is rapidly excreted by animals (87%
in 24 h, with elimination virtually complete in 6 days).
The bioaccumulation factor is less than one, meaning
the opportunity for exposure via ingestion of animals
is limited to animals taken within a few days of the
time they would have consumed treated vegetation.
Imazapyr can occur in water due to direct application
to water, or in areas where storm generated runoff may
move residues to water channels. It is subject to rapid
photolysis in water and this, combined with dilution,
limits the opportunity for exposure by ingestion of wa
ter. Mitigation measures that limit initial entry to water
help minimize human exposure via this mechanism.
Inhalation

The vapor pressure of imazapyr is very low (2 x
10“ ' mmHg at 45°C), meaning there will be little or
no vaporization of imazapyr after it has been applied.
Exposure via inhalation will be limited to the period
when spray droplets are in the air.
Dermal exposure

The octanol: water partition coefficient for imazapyr
is 1.3, meaning there will be little absorption of this
chemical through the skin, and no substantive expo
sure via dermal absorption.

RISK ANALYSIS

Imazypyr (Arsenal®) presents a very low level of
risk to the public with margins of safety greater than
1 0 , 0 0 0 in every case in typical exposure scenarios.
Eor workers (applicators), the margins of safety are
also greater than 1 0 , 0 0 0 for typical exposures in every
instance. In a worst-case scenario, the direct spill of
herbicide concentrate on the skin the margin of safefy
is 44. Careful handling, the use of protective gear and
rigorous sanitation are useful mifigation measures.

METSULFURON METHYL (ESCORT®) MOVEMENT,
PERSISTENCE AND FATE IN THE ENVIRONMENT

Metsulfuron methyl has a half-life in soil of one to
two months, depending on soil moisture, tempera
ture, pH, and organic matter content. In alkaline soils,
degradation is somewhat slower. Mobility in soil is
positively correlated with net movement of soil mois
ture. Less mobility occurs if soil pH is less fhan 6.0.
Initial degradation of the molecule is through chemical
hydrolysis, followed by degradation to lower mole
cular weight metabolites by means of soil microbial
mefabolism. Loss of this chemical from photodecom
position and volatilization in the field is negligible. The
movement, persistence and fate of metsulfuron methyl
are reviewed in detail in Appendix A, USDA Forest
Service (1997).

HAZARD ANALYSIS

The toxicity of metsulfuron mefhyl has been reviewed
by Labat-Anderson, Inc. (undafed). Other data are
specifically referenced in the following paragraphs.
Acute toxicity

The oral acute median lethal dose (LD 5 0 ) in the rat
is greater than 5000 mg kg“h Acute dermal toxic
ity is also low; the LD 5 0 in the rabbit is greater than
2000 mg kg“ b Higher doses were not practical to ap
ply. Concentrated formulation (70%) was moderately
irritating in rabbits. Metsulfuron methyl is moderately
to severely irritating to the eyes if not washed. A 95.8%
pure technical product caused slight corneal opacity
and mild conjunctivitis in rabbits, with recovery in
72 h. In viz'o ophthalmologic examination showed no
corneal injury (Brock, 1987). All effects were reversed
in two weeks.
Sub acute (21 consecutive days) dermal treatment
of rabbits with 2 0 0 0 mg metsulfuron methyl kg“ ^ d“ ^
produced no effect on body or organ weight, hematol
ogy, blood chemistry, or organ pathology. At the site of
application, there was reddening, edema and grossly
evident dermatitis at 2 0 0 0 mg kg“' d“ \ and micro
scopically visible dermatitis at 500 mg kg“ ’ d “h The
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NOEL was 125 mg kg“ ^
(Sarver, 1987). A repeatinsult-closed-patch dermal sensitization assay in guinea
pigs produced no dermal irritation and no delayed
hypersensitivity or allergic response at doses high
enough to cause diarrhea.
Chronic toxicity

The NOEL for systemic toxicity after 90-day feeding
of rats was established at 50 mg metsulfuron methyl
kg“ ^ d“ ^ (1000 ppm in the diet). The next higher dose
was 375 mg kg^^ d^\ which caused reduced weight
gain and change in serum protein pattern. Ninetyday dietary treatment of dogs was without effect at
125 mg kg~^ d“ ^ (5000 ppm), the highest dose rate
tested.
Chronic toxicity tests were conducted concurrently
with cancer bioassays at dietary concentrations of 0 ,5 ,
25, 500, and 5000 ppm. The dose rate for rats was 0,
0.25,1.25,25, and 250 mg kg“^ d“\ and for mice was 0,
0.75,3.75,75, and 750 mg kg“ ^ d“ ^. The NOEL for rats
was 25 mg kg“ ^ d“ \ based on weight loss at a tenfold
higher dose. The systemic NOEL for mice was greater
than 750 mg kg“ ^ d “^, which caused no evidence of
toxicify.
Reproductive toxicity

Metsulfuron methyl is not a reproductive or develop
mental toxicant at dose rates that can be tolerated by
pregnant females. A two-generation rat reproduction
study at dose rates up to 250 mg kg~^ d“ ’ resulted in
no reproductive or fetal toxicity at any dose. There was
evidence of maternal toxicity, however, in the form of
lower body weight gains at the highest dose rate. The
maternal NOEL was 25 mg kg“ ^ d“^.
Teratogenicity (birth defects) assays were negative
in rats at doses up to 1 0 0 0 mg kg“ ' d^^ through the
period of greatest sensitivity. In rabbits, the NOEL
for teratogenicity and fetal toxicity was greater than
700 mg kg“ ^ d“ ^, but for maternal toxicity the NOEL
was 25 mg kg~^ d~'.
Mutagenicity and carcinogenicity

Mutagenicity assays of metsulfuron methyl have been
generally negative Labat-Anderson, Inc. (undated).
Vincent (1990) reports no effect on in vitro unscheduled
DNA synthesis in primary rat hepatocytes at concen
trations up to 3000 ug ml“ ^ (the limit of solubility).
There was no cytotoxic effect. Vlachos (1984) also re
ports a negative mouse bone marrow micronucleus
test in which the maximum dose was 5000 mg kg^^
by gavage. These findings indicate that metsulfuron
methyl is not mutagenic.
Eighteen-month mouse and 24-month rat feeding
studies showed no carcinogenic response. To date,
there is no evidence to indicate carcinogenic activity
with metsulfuron methyl. USEPA is considering the
carcinogenicity group for this chemical, but has not
made a ruling to date.
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EXPOSURE ANALYSIS
Ingestion

Metsulfuron methyl is readily absorbed by plants and
is extensively translocated throughout the plant. Plant
metabolism is the dominant factor in dissipation in
plants that are resistant to this herbicide. This means
metsulfuron methyl residues will dissipate quickly
from those species. Plants that are susceptible may re
tain the herbicide while they are alive, with residues
remaining likely to be lost to soil and other decom
position factors after plant death. These factors are
incorporated into the exposure analysis involving the
ingestion of vegetation. In water, metsulfuron methyl
dissipates primarily by dilution, although at pH values
below 5.0, hydrolysis will reduce residue levels. Thus,
dilution due to water movement is the dominant fac
tor influencing human exposure through ingestion of
water. Reports are not available on the behavior of this
herbicide in animals, making an analysis of exposure
through consumption of animals taken from treafed ar
eas less certain. However, metsulfuron methyl is quite
soluble in water (9500 parts per million at pH 7.0 and
25°C), and has only very limited solubility in hexane
(0.8 ppm at 20°C), meaning it will have very limited
tendency to accumulate in animals. When exposure
decreases or stops, imazapyr will clear rapidly from
the body, meaning the potential for exposure is very
limited by eating animals from treated areas.
Inhalation

There are no published data on metsulfuron methyl in
air. It has a relatively low vapor pressure, meaning the
tendency to vaporize is limited, limiting human expo
sure via inhalation to the period when spray droplets
are suspended in air in locations where humans could
inhale it.
Dermal exposure

There is no data on absorption of metsulfuron methyl
across skin. Its solubility, however, indicates that skin
absorption should be limited.

RISK ANALYSIS

Metsulfuron methyl (Escort®) presents a very low level
of risk to the public in typical exposure scenarios.
The margin of safety is greater than 10,000 in every
case. For workers (applicators), the margins of safety
are greater than 7000 in every instance for normal
exposure scenarios. Because of fhe form of Escort®,
there will be no spill in which the chemical can be
absorbed by the skin. However, rigorous sanitation
remains important to minimize ingestion while eating,
drinking or smoking.
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PICLORAM (TORDON K®) MOVEMENT, PERSISTENCE
AND FATE IN THE ENVIRONMENT

Picloram is readily absorbed by plant roots and translo
cated throughout plant tissues. It is particularly prone
to accumulate in new plant growth, where it is quite
stable and remains largely intact. In animals, picloram
does not bioaccumulate. Picloram that is ingested by
animals is rapidly excreted unchanged, primarily in
the urine.
Picloram is moderately to highly persistent in soil,
with a half-life of approximately one month under
highly favorable conditions of moisture, temperature,
and organic conditions, and a half-life of more than
four years in arid regions. It is a relatively mobile her
bicide. The potassium salt and acid formulations of
picloram are easily leached from sandy soil. Picloram,
especially in salt formulations, is water-soluble and
thus has a potential for runoff following heavy rain
fall soon after applications where the soil infiltration
capacity is low. Under such conditions, concentrations
of 0.4-0 . 8 mg 1“ ^ have been detected. However, stud
ies have indicated that runoff accounts for less than 3%
of the total quantity of picloram applied to soil where
the soil surface has a relatively intact litter or organic
layer, runoff has not been a problem. In most forested
settings, we expect a soil half-life of 90 days and no
detectable leaching below 30 cm. The movement, per
sistence and fate of picloram are reviewed in detail in
Appendix A, USDA Forest Service (1997).

HAZARD ANALYSIS

Chronic toxicity

In feeding studies over three to six months, the pre
dominant effect at high doses has been increased liver
weight. The 13-week NOEL in rats was 50 mg kg~^ d “ ' .
The lowest dose administered to mice was 1000 mg
k g *’ d * ’ , so a NOEL was not found. A six-month feed
ing trial in dogs indicated NOEL of 7 mg k g *’ d * ’ .
EPA uses this figure as the overall NOEL for picloram
(USEPA, 1995b).
Over a two-year feeding schedule of 0, 20, 60, or
2 0 0 mg k g *’ d * ’ , liver effects, including histological
changes, were evident at the two higher levels, but
there was no effect at 20 mg k g *’ d“ ’ . Another rat
study at 370 and 740 mg k g *’ d * ’ showed evidence
of thyroid hyperplasia and adenomas, parathyroid
hyperplasia and testicular atrophy. Apparently, the
lower dose was not a NOEL.
Reproductive toxicity

In a three-generation, two-litter reproduction assay,
at daily doses of 0, 7.5, 25, or 75 mg k g *’ , there
was reduced fertility in the second litter of the first
generation at the highest dose level, but apparently
no effects in other segments at that dose. On the
basis of that finding, the NOEL was considered to be
25 mg k g *’ d“ ’ . The third litters from each generation
were examined for birth defects; none was found at
any dose level.
In a later study with larger numbers of rats, fetal
and maternal toxicity was substantial at dose rates
of 750 and 1000 mg k g *’ d * ’, and there was some
evidence of toxicity at 500 mg k g *’ d * ’ , the lowest
level studied. There was no evidence of teratogenic
effect. A rabbit teratology study was reported to have
shown no fetotoxic or teratogenic response at doses up
to 400 mg k g *’ d * ’ (John-Greene et al., 1985).
Mutagenicity and carcinogenicity

Much of the information on the toxicology of piclo
ram is unpublished registration data (USEPA, 1984),
reviewed by USEPA Office of Drinking Water in a
Health Advisory (USEPA, 1988) and the Reregistration
Eligibility Decision (picloram) (USEPA, 1995b), and is
discussed below without reference.
Acute toxicity

Acute toxicity is low, with an LD 50 range between 2000
and 4000 mg kg“ ’ . Doses of 400,800, or 1600 mg kg“ ’
d^' for seven days caused body weight loss at the
two higher doses but no effects at 400 mg kg^^ d^’ .
A similar evaluation in dogs indicated a NOEL of
200 mg kg^' d“ ’ . In mice, the NOEL for a 30-day
feeding exposure was 900 mg kg“ ' d“ ' .
Picloram formulations are not sensitizing in dermal
exposure tests. Interestingly, a formulation of picloram
and 2,4-D caused sensitization in several individuals,
but neither is active alone.

Picloram has been generally negative in mutagenicity
assays, but a forward mutation test with Streptomyces
coelicolor was positive (USEPA, 1988).
Carcinogenicity assays of picloram have been neg
ative. A study in rats by the National Cancer Insti
tute (NCI) suggested a weakly positive response but
the assay was found to have been compromised and
was repeated by the registrant. The highest dose was
2 0 0 mg k g *’ d * ’ over two years and was negative
(Stott et al., 1990). A mouse study by NCI at high
daily doses for males of 417 mg k g *’ and for fe
males of 723 mg k g *’ was negative. Picloram has been
placed in carcinogenicity Group E "Evidence of non
carcinogenicity in humans" (USEPA, 1988).

EXPOSURE ANALYSIS
Ingestion

Picloram is readily absorbed by plant roots, but less
well by foliage. Once absorbed, it is translocated
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throughout the plant. It undergoes little decompo
sition in the plant, and thus initial internal plant
residues are likely to continue to be available to ani
mals through ingestion for as long as the vegetation
remains palatable. This pattern is incorporated into
the exposure analysis. In water, both dilution and
photodegradation increasingly limit exposure by in
gestion. Picloram is both persistent and mobile in soil,
resulting in an increased potential for a longer period
of entry to water through leaching or runoff, and thus
an increased opportunity for exposure by ingestion
of water. In animals, picloram clears the body very
rapidly (97%), primarily in urine. There is little ten
dency to accumulate in body tissues (none detectable
after 1 2 h), so the opportunity for human exposure via
ingestion of animals from treafed areas is low (USDA
Forest Service, 1984).
Inhalation

Picloram has no substantive vapor pressure, thus ex
posure via inhalation is limited to the period when
spray droplets may be in air shortly after application.
Dermal exposure

Based on its physical properties, there is little tendency
for picloram to transfer to and be absorbed through the
skin. The dermal exposure scenario is limited to the
period of time when humans would be in or near areas
being treated with picloram .

RISK ANALYSIS

Picloram (Tordon K®) provides margins of safety great
er than 10,000 in every case. For workers (applicators),
the margins of safety are greater than 7000 in every in
stance for normal exposure scenarios. In a worst-case
scenario, the direct spill of herbicide concentrate on the
skin the margin of safety is 14, which is significantly
less than 1 0 0 , emphasizing the importance of careful
handling, the use of protective gear and rigorous sani
tation.

TRICLOPYR (GARLON 3A® AND GARLON 4®)
MOVEMENT, PERSISTENCE AND FATE IN THE
ENVIRONMENT

Triclopyr is absorbed by both plant leaves and roots
and is readily translocated. It appears to interfere
with normal plant growth processes. It is rapidly
absorbed by animals and subsequently completely
excreted by the kidney, mostly in an unmetabolized
form. Triclopyr does not bioaccumulate in fish.
In soil, triclopyr does not strongly adsorb and is
potentially mobile. It is rapidly degraded by microor
ganisms and has a short persistence in soil environ
ments. Rapid photo degradation is the major means by
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which triclopyr is degraded in aquatic environments.
The movement, persistence and fate of triclopyr are re
viewed in detail in Appendix A, USDA Forest Service
(1997).

HAZARD ANALYSIS

Much of the information on the toxicology of triclopyr
is unpublished registration data, reviewed in USDA
Forest Service (1984), Syracuse (1996a) and in a sum
mary of toxicological studies provided by Dow Chem
ical Co. (1988) (now DowElanco) under confidentiality
agreements. Later unpublished registration data and
published reports are specifically referenced.
Acute toxicity

The oral LD 5 0 of triclopyr acid is just over 700 mg kg~*
in rats and 300 mg kg“ ^ in rabbits. In dermal toxic
ity tests with the rabbit, doses of 2 0 0 0 mg kg“ ^ caused
some short-term weight loss but no mortality. Undi
luted technical triclopyr caused modest eye irritation,
but the condition persisted for more than seven days.
Eye washing immediately was shown to mitigate the
injury. Triclopyr acid is not a primary skin irritant. Ex
posure to the highest concentration aerosol that could
be produced, 1.84 g
caused transient eye irrita
tion and no other adverse effects.
Acute oral LD5 0 of the butoxyethyl ester formula
tion, Garlon 4®, was in excess of 2000 mg kg“ b There
were various non-specific signs of toxicity in survivors,
but no weight loss. Application of almost 4000 mg Gar
lon 4® kg“ ^ to shaved areas of the skin of rabbits and
bandaged in place for 24 h caused edema, irritation
and some cell damage, with transient loss. No other
evidence of systemic toxicity appeared. Inhalation of
aerosols containing 0.82 g formulation
(maximum
practicable) was without effect other than nasal irri
tation. Repeated application of undiluted formulation
was moderately irritating, but the formulation is not a
skin-sensitizing agent.
The triethylamine salt of triclopyr (Garlon 3A®) is
also of limited acute toxicity. Oral LD 5 0 S in rats were
in excess of 2000 mg kg~T The dermal lethal dose
after 24 h of contact is known only to be in excess
of 3980 mg kg“ ^, as no animals on test died. Aerosol
exposure at a concentration of 5.34 g
for one
hour produced no response. The triethylamine salt is
a moderate skin irritant, and is considered hazardous
to the eyes on the basis of severe conjunctivitis and
corneal injury. It is not a skin-sensitizing agent.
Chronic toxicity

A thirteen-week feeding study of rats at daily doses
of 0, 3, 10, 30, or 100 mg kg“ ^ produced no effects
in males at 30 mg kg“ ^ d“ ^ and no effects in females
at 100 mg kg“ ^ d“ k The animals were subjected to
complete clinical biochemistry, hematology, urinalysis.
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and pathological examination. In a subsequent study
at daily doses of 0, 5, 20, 50, or 250 mg kg“ ^, there
were dose-related changes in the kidney tubules; males
were more sensitive than females, and the NOEL was
5 mg kg^^ d“ h There were moderate liver effects at
the highest dose level that may have been adaptive
changes.
Beagle dogs were maintained for 288 days at dose
levels of 0, 5,10, or 20 mg kg“ ’ d^h At all dose rates,
females lost weight relative to controls. Weights of
males were less affected. Clinical biochemistry find
ings suggested marginal liver and kidney toxicity.
While changes were of modest extent, some deviation
from controls was seen at all dose levels, which pre
cluded setting of a NOEL.
A similar study at dose rates of 0, 0.1, 0.5, and
2.5 mg kg^’ d~^ led to a conclusion that the NOEL
is 0.5 mg kg“’ d^k It is likely that the apparent sen
sitivity of the dog to triclopyr is a function of the
much lower capacity for renal excretion of organic
acids by this species. A USEPA Peer Review Commit
tee has concluded that in the case of triclopyr, the dog
is not the appropriate animal model for kidney effects
(USEPA, 1996).
A dietary chronic toxicity assay in rats provided
daily doses of 0, 3, 12, or 36 mg kg“ ^ over a twoyear period. Full clinical and pathology examinations
disclosed minor differences in pigmentation of kidney
tubules and increased kidney weights. The NOEL was
3 mg kg“ ’ d~k
Reproductive toxicity

A three-generation single-litter reproduction test in
rats at doses of 3,10, or 30 mg kg“ 'd ^ ' did not cause
decreases in fertility, litter size or neonatal survival.
A reduction in body weights at weaning for the
second generation, but not the first or third, was
seen. The NOEL was determined to be in excess
of 30 mg kg^^ d “ k In a more recent reproductive
toxicity study in rats, the NOEL was established as
5 mg kg“ ^ d^k As a result of a recent decision by
USEPA, the NOEL of 5 mg kg“^ d“ ^ is to be used for
systemic risk assessment, a ten-fold increase over the
prior figure (USEPA, 1996).
Teratogenicity in rabbits was assessed at daily doses
of 0, 10, or 25 mg kg“ ^ through days 6-18 of gesta
tion. Triclopyr was not teratogenic at any dose, but a
NOEL for maternal toxicity could not be determined.
A following study established a NOEL for fetal tox
icity of 75 mg kg^^ d“k and a maternal NOEL of
50 mg kg^^ d^k A similar study in rats produced fetal
toxicity at daily doses of 200 mg kg“ k and no effect at
100 mg kg“^ d“ k
Mutagenicity and carcinogenicity

Mutagenic assays of triclopyr have been reviewed
by Dow Chemical Co. (1988) and Syracuse (1996a).

Triclopyr was not mutagenic in Ames tests. A hostmediated assay in the mouse with three bacterial
strains was negative. A bone marrow cytogenetic test
for chromosome damage in rats at doses up to 70 mg
kg^^ d^^ for five days, and mouse bone marrow
micronucleus test at a maximum single dose of 270 mg
kg~^ were also negative.
A dominant lethal assay in rats given doses up to
70 mg kg“^ d“ ^ for five days showed weak evidence
of an effect in the fourth and fifth week. A later
similar test in mice was negative. Triclopyr does not
induce unscheduled DNA synthesis, indicating that
DNA repair is not required after intoxication.
Triclopyr is not considered to be carcinogenic on
the basis of three assays. A combined chronic carcino
genicity assay in rats utilized daily intakes of 3,12, or
36 mg kg“ ^ d^k There was a small apparent increase
in combined mammary adenomas and adenocarcino
mas in the high dose females, compared to the control
animals for this experiment. However, the incidence in
those control animals was zero, which was at variance
with historical controls of that strain. Incidence in the
treated groups was not different from the historical in
cidence in untreated rats of that strain. Other cancer
biology information also suggests that the finding was
an anomaly.
Two mouse studies have been done. The first em
ployed approximately 0, 3, 10, and 30 mg kg^^ d “ k
The conclusion of the pathologist was that no carcino
genic response was shown. Curiously, survival was
highest in the high dose group. Because of questions
raised by the original mouse observations, another as
say was conducted at dose rates of about 6, 31, and
156 mg kg“ ^ d“^. There was no evidence for a carcino
genic effect.
Triclopyr is presently classified as Group D "not
classifiable as to human carcinogenicity." This clas
sification is unclear, because USEPA has stated that
in both the mouse and rat cancer assays there were
"no carcinogenic effects observed under the conditions
of the study" (Federal Register 60:4093-4095, Jan. 20,
1995). All other experimental findings are also con
sistent with an absence of carcinogenic or mutagenic
potential. Syracuse (1996a) concludes none of the can
cer studies are adequate to support a quantitative risk
assessment for carcinogenicity.

EXPOSURE ANALYSIS
Ingestion

Triclopyr is readily absorbed and translocated through
out the plant. Field studies show residue levels de
crease with time, meaning the opportunities for ex
posure via ingestion of treated vegetation decreases
with time as well. Triclopyr residue data are available
for foliage and berries, meaning the basis for exposure
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analysis due to ingestion of vegetation is good. In an
imals, triclopyr is rapidly absorbed but also rapidly
excreted via the kidneys. This data provides a good ba
sis for estimating human exposure via consumption of
animals that have been in treated areas.

Table 4. Comparison of acute toxicities of active ingredient and
formulation^
Technical grade
acute oral
LD5 0 values for rats

Imazapyr

Acute oral LD5 0 ,
rat >5000 mg kg^^

Arsenal® 5000 mg kg^^

Fosamine

>5000 mg kg“ ^

Krenite® 24,400 mg kg“ '
(USDA, 1984)
Krenite® >5000 mg kg~'
(USDA, 1984)

Inhalation

Triclopyr is more volatile in the ester form (GarIon 4®) than in the amine form (Garlon 3A®), but
the ester form is rapidly hydrolyzed. Both forms are
converted rapidly to a neutral salt when they are in the
environment. Thus, volatilization of either form is not
expected to result in appreciable human exposure via
inhalation. The inhalation exposure scenario is limited
to the period of time spray droplets may be in air after
application.

Glyphosate, 4320 mg kg~^
IPA
(EPA, 1986)

Accord® >5000 mg kg~'

Imazapyr

>5000 mg kg“ ^
(EPA, 1985)

Arsenal® >5000 mg kg~^
(Weeks et al., 1988)

Picloram

8200 mg kg“ ^
(EPA, 1984c)

Tordon® K- 8440 mg kg“ ^

Triclopyr

Acute oral LD5 Q,
rat (F) 630 mg kg~'
Acute oral LD5 0 ,
rat (M) 729 mg kg“ '

Garlon
Garlon
Garlon
Garlon

Dermal exposure

The physical properties of triclopyr amine (Gar
lon 3A®) will largely preclude its absorption through
the skin. The ester form will be more likely to pene
trate the skin, but it exists for only a short period of
time in the environment as the ester due to hydroly
sis. Thus, the exposure scenario for dermal exposure is
limited to the period of time when spray droplets are
likely to be in the air in or near the treated areas.

RISK ANALYSIS

The risk analysis for the general public shows triclopyr
in either formulation has margins of safety greater than
10,000 for typical exposure scenarios. The results for
workers are similar but show some minor differences
between formulations. Garlon 3A® provides margins
of safety that range from 2500 to 6500 in typical
exposure scenarios, while the margin of safety for
Garlon 4® is 3500 for the type of application included
in the EIS. In the case of a spill of the concentrate on
the skin, the margin of safety for workers is much less
than 100, being 3 for Garlon 3A® and 4 for Garlon 4®.
Careful attention to sanitation, the use of protective
gear and careful handling procedures can eliminate
this risk.

Formulation acute
oral LD5 0
values for rats

Herbicide

Metsulfuron >5000 mg kg“ '
methyl

3A® 1087 mg kg-^ (F)
3A® 2574 mg kg“ ^ (M)
4® 2140 mg kg~^ (F)
4® 2830 mg kg“ ^ (M)

Escort® >5000 mg kg“ '

^From Table 15 Appendix A, USDA Forest Service, 1997.

formulations are less acutely toxic than their active in
gredient.
Bioaccumulation is the tendency of a chemical to be
retained and concentrate in body tissues. If bioaccu
mulation occurs to a significant degree, the potential
for biomagnification in the food chain increases. These
are the characteristics that caused serious problems
with many of the early insecticides, such as DDT.
None of the herbicides reviewed in this paper show
significant tendency to bioaccumulate. This reflects
their high water solubility and low solubility in fat.
While organisms will show measurable levels of these
herbicides during the time they are actively exposed,
the concentration will not be greater than the substrate
from which they receive the exposure, and as exposure
decreases or stops, rapid elimination occurs (Table 5).

WATER QUALITY CRITERIA
TOXICITY OF FORMULATED HERBICIDES AND
BIOACUMULATION

Much of the toxicity testing is done with the active
ingredient of commercial herbicide formulations, and
there is often concern that the commercial product may
differ significantly in its effect on non-target organ
isms. USEPA requires acute toxicity data for formu
lated products, which permits evaluation of the acute
toxicity of the pesticide formulations' inert ingredients.
Table 4 compares various toxicity findings for active in
gredients and their full formulations. It shows that the

Unfortunately, there are no water quality standards for
any of the herbicides included in the EIS, hence there is
no established basis for judging the protection of water
quality. In the absence of standards, we used USEPA
procedures to identify the levels of each herbicide that
could be in the water without harming aquatic species
or other organisms likely to use the water. These are
called water quality protection criteria, and are the
"standard" against which water quality protection was
judged in the Allegheny National Porest project (Ta
ble 6). The toxicological bases on which these criteria
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Table 5. Elimination rates of the chemicals

Chemical

Test
animal

Elimination rate

Fosamine
Glyphosate

Rat
Rabbit
Rat
Rat

99-100% within 72 h (USDA, 1984)
92% within 5 days (USDA, 1984)
94% within 5 days
87% within 24 h (American
Cyanamid, 1985)
90% in 72 h; excretion half-life
was 9-16 h for low dose
75% in 6 h, half time for remainder 27 h
(Nolan et a t, 1984)
90% within 48 h (USDA, 1984)

Imazapyr
Metsulfuron
methyl
Picloram

Rat
Human
Dog

From Table 12, Appendix A, USDA Forest Sendee, 1997.

Table 6 . Water Quality Protection Criteria'
Herbicide

Picloram
Fosamine ammonium
Glyphosate
Triclopyr amine
Imazapyr
Metsulfuron methyl

Water quality"
( m g l- ')

Inspection"
( m g l- ')

0.07

0.03
0.5
0.3

1 .0

0.7
0.5
5.0
6.9

permit the public to make an informed decision about
entering an area that has been treated. No herbicide
applications except by the cut surface method (with
glyphosate) were permitted within 100 feet of houses
or recreational trail crossings. For visually sensitive ar
eas and road crossings, only cut surface or low volume
basal is permitted, and if low volume basal is used,
dead material must be cut and scattered before the
Memorial Day weekend.
Buffers were an important mitigation measure used
to achieve protection of water quality. These included
(a) no herbicide use within 10 feet of water, (b) the use
of cuf stump applications within 10 feet of intermittent
streams, (c) no high volume herbicide within 75 feet
of water, (d) no picloram or triclopyr within 75 feet
of water, (e) only cut-surface applications (glyphosate)
were permitted in wetlands, (f) no-spray buffers were
used to protect other sensitive sites, and (g) only cutsurface application (glyphosate) was permitted within
100 feet of wells and springs that are a domestic water
supply.

0 .2
2 .0

3.0

'From Table 2, Chapter V, USDA Forest Service, 1997.
■Pro\ddes protection for organisms that live in or consume the water.
"The maximum level of water contamination that might occur
if the label directions and good practice are followed. Exceeding
this criterion results in inspection of the operation and the site to
determine the reason the criterion was exceeded, and future practice
adjusted accordingly.

are based are in Appendix C of the EIS (USDA Forest
Service, 1997).
The water quality protection criteria will protect
aquatic species and water users, but in our experience
represent a higher level of water contamination than
should normally occur if current standards of "good
practice" are used. Therefore, we identified an "in
spection criterion" for each chemical (Table 6). This
is the level of water contamination that should be
easily avoided with normal careful practice. The pur
pose of this criterion was to prompt a careful on-site
inspection to determine what "went wrong" if water
monitoring data showed the inspection criterion has
been exceeded.

MITIGATION MEASURES

The EIS also identified sensitive sites such as wet
lands, streams, houses, wells, road and recreational
trail crossings, and visually sensitive travel ways. Mit
igation measures were developed to provide protec
tion of these sites. These measures included signage
containing specific information about the application
posted 30 days in advance around areas to be treated to

STREAM BUFFER EFFECTIVENESS

We monitored the buffer effectiveness around streams
each year by two methods. In one method, water
samples were collected and analyzed before and after
application and after the first rain, and in the second
method, stream buffers were visually inspected for
signs of herbicide damage which would indicate entry
of herbicide into the buffer area. Automatic water
sampling equipment was used and composite samples
were gathered to reduce the cost.
Water monitoring

Monitoring the water for herbicide residues is a di
rect method of evaluating the effectiveness of the
buffer strategy. ISCO automatic water samplers were
installed downstream but relatively close to the ROW
where the herbicide will be applied and a short dis
tance upstream from the area. The latter is to detect
herbicide in the surface water that is not from the
ROW treatment (serves as a control). The samplers
were operated on a 24-day cycle (one sample per day,
composed of four or more separate "pumpings" to get
an average daily sample).
The following samples from the down-stream sites
were sent for chemical analysis:
- one sample collected during a 24-h period ending at
least 24 h before any herbicide application,
- one sample for the first 24-h period immediately
following the application (day 1),
- one sample for the next 24-h period (day 2),
- one sample composed of equal parts of three of the
24-h samples collected over the next 72-h (days 3, 4,
and 5),
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- one sample for the first 24-h period within which
more than 0.25 inches of rain falls, and
- one sample for the next 24-h period following 0.25
inches of rain.
If herbicide is detected in any of the samples from
the downstream sampler, a composite sample for the
same time period from the upstream control sampler
is sent to determine if the source of the herbicide is
from the ROW treatment or from a different source
upstream.
Water sampling results

Careful analysis of samples showed no detectable her
bicide. If herbicide had been detected, the concentra
tion would be compared to the water quality criterion
(Table 6). If fhe concentration was less than the crite
rion, then the water quality protection goal had been
achieved. If not and a composite sample is involved,
analysis of the individual components of the compos
ite are done to characterize the pattern of contamina
tion. If the concentration exceeds the "inspection crite
rion", an on-site evaluation is done to determine why,
since it is our experience that the inspection criterion
should normally be easily attained when instructions
on the label are followed and "good practice" is used.
The results of the water quality monitoring program
are used to adjust the application procedures and the
mitigation measures if needed.
Buffer strip monitoring

We visually monitored the vegetation for signs of
herbicide damage in the 10-foot portion of the buffer
closest to the water at 34 locations. The condition of the
vegetation in this portion of fhe buffer was rated on a
damage scale of 1-5 at the water's edge, in the middle
of the zone and at a point 10 feet from the water's edge.
Herbicide damage is easily detected by an experienced
observer, and indicated incursion of herbicide into the
buffer zone.
We used the following criteria in evaluating the
effectiveness of the buffer in achieving water quality
protection goals:
- Buffers with less than 25% of the area closest to the
water (within 3 feet) in a damage class of 2 or less are
considered to be effective in achieving water quality
objectives.
- Buffers with less than 25% of the middle zone (46 feet from the water's edge) in damage class 3 or
less are considered to be effective in achieving water
quality protection objectives.
- Buffers with less than 50% of the far edge (8-10 feet
from the water's edge) in damage class 4 or less are
considered to be effective in achieving water quality
protection objectives.
- After the visual inspection of 34 buffers, there was
only one point of minor vegetation damage found.
- Based on bofh the water sampling and the visual
inspection of buffer zones we conclude that the
buffers worked. Water quality was protected, and
the integrity of riparian buffers was maintained.
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CONCLUSIONS

The development of the EIS and return to use of her
bicides on the Allegheny National Forest is a success.
Specifically (a) the utilities were able to resume the
use of herbicides with no adverse effects measured,
(b) the local officials of the Allegheny National Forest
observed the professional and responsible approach
taken by utilities to the management of tall-growing
vegetation on ROW, (c) the utilities gained experience
in working with USDA Forest Service officials and the
National Environmental Protection Act, and (d) the
public was involved with the decision process and was
able to see the detail and the technical base for vegeta
tion management on electric utility ROW.
The EIS is a valuable technical document for those
considering the use of fosamine ammonium (Krenite UT®), glyphosate (Accord®), imazapyr (Arsenal®),
mefsulfuron methyl (Escort®), picloram (Tordon K®)
or triclopyr (Garlon 3A® and Gar Ion 4®).
The human health risk analysis shows there is a
significant margin of safety for each of these chemicals
when used in the manner proposed. The greatest risk
to the public is from ingestion of berries shortly after
treatment, but even this provides a margin of safety
far greater than that used for regulatory purposes. The
greatest risk to applicators is from the spill of herbicide
concentrate directly on the skin with no subsequent
clean up. In this scenario the margins of safety are
below 100 in every case, emphasizing the importance
of careful handling so that spills don't occur, the use of
protective gear to shield the skin if a spill does occur,
and rigorous sanitation to remove the material from
the skin promptly. With these mitigation measures, the
level of protecfion for workers is satisfactory.
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An Alternative
to Chemical Herbicide Brush Control

C h o n d ro s te re u m

p u rp u re u m :

Paul Y. de la Bastide,^ Hong Zhu, Gwen Shrimpton,
Simon F. Shamoun, and William E. Hintz

Fast-growing hardwood species pose a hazard to power lines, hence hydroelectric companies
must ensure that rights-of-way are kept clear of trees in order to maintain uninterrupted power
service. Many of these species propagate by resprouting from cut stumps. The application of
chemical herbicides to the cut stumps has proven to be effective in suppressing reprouting,
however, herbicide use is increasingly encountering public opposition. Where herbicide use is
prohibited, the lack of stump treatment quickly leads to extremely high stem densities. The
fungus Chondrostereum purpureum provides an attractive alternative to chemical herbicide use
in industrial vegetation management. Living cultures of C. purpureum are placed on cut stumps
in a formulation that will protect the fungus from desiccation and UV irradiation, as well as
provide nutrients for establishment. The fungus invades the lower stem and prevents resprouting
by killing adventitious shoots or branches. We have been working towards the development
of new application technologies to better integrate this biocontrol into operational trials. We
have optimized a two-phase fermentation process that is capable of producing viable mycelial
biomass with a minimum titer of 1 x 10^ cfu kg“ ^ of solid substrate (active ingredient). A newly
formulated C. purpureum has been field tested in the Nanaimo Lakes region of Vancouver Island.
Keywords-. Biocontrol agent, mycoherbicide, basidiomycete, riparian zone, integrated vegetation
management

INTRODUCTION

On productive forestlands in Canada, over 400,000 ha
of burned or logged forestlands are planted to tree
seedlings every year to ensure softwood production.
Prior to planting, over 300,000 ha annually require
some type of site preparation (e.g., mechanical brush
removal, scarification, or chemical herbicide treat
ment). In addition, nearly 400,000 ha annually of plan
tations and young naturally regenerated stands receive
some form of stand tending (e.g., weeding, cleaning,
pre-commercial thinning) to reduce the impact of com
peting vegetation on productivity (Statistics Canada,
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1996-1997; Natural Resources Canada, 1996). In addi
tion to forested lands, there are other areas where the
control of weed trees and brush is required, includ
ing industrial rights-of-way, industrial parks, military
ranges and roadsides. In British Columbia alone, there
are 73,000 km of hydroelectric rights-of-way that re
quire regular maintenance, including the removal and
suppression of interfering tree growth (BC Hydro and
Power Authority, 1996). Vegetation management is
therefore an essential component of effective forest re
source management.
Much of the vegetation that requires control in both
forestry and right-of-way management consists of de
ciduous hardwood trees, such as alder {Alnus spp.),
birch (Betula spp.), maple (Acer spp.), and poplar (Populus spp.) species. On forested lands, these fast grow
ing species suppress the more economically desirable
softwood species that are the foundation of our lum
ber and pulpwood industries (MacLean and Morgan,
1982; Haeuschler and Coates, 1986; Smith, 1988). They
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are also the most likely species to interfere with elec
trical power transmission on power line rights-of-way.
Although some hardwoods are increasing in impor
tance as crop species, their control remains necessary
in softwood plantations, naturally regenerating conifer
forests and in industrial rights-of-way (Cuthbert, 1991;
Peterson and Peterson, 1992; Peterson et al., 1996). In
order to both control and utilize these species, some
times on the same sites, selective control agents with
minimal non-target effects are essential.
Control of hardwood species in forests and indus
trial rights-of-way in Canada and adjacent regions of
the US presents several problems. The weed species
are often native pioneer species that normally occupy
disturbed sites and are essential components of the for
est ecosystem. It is not always necessary or desirable
to completely eliminate these tree species from the site.
There exist several options for hardwood weed control,
namely mechanical removal, use of fire, manual cut
ting, and application of herbicides. The relative merit
of each method depends on the site conditions and the
objectiv'e of the weed control program.
Mechanical brush control is less expensive than
other methods, but can contribute to soil erosion, may
favour the regrowth of weed vegetation and limit nat
ural regeneration of crop tree species. Prescribed burns
can control weed vegetation regrowth when an ade
quate fuel load is present, or be employed subsequent
to herbicide application. However, burns may also
contribute to soil erosion, favor recolonization by weed
vegetation, and destroy natural regeneration of crop
species. The manual cutting of hardwoods is more se
lective than mechanical treatment or fire. It allows the
natural regeneration of crop trees and limits soil ero
sion. However, it is a more labor intensive and hence
an expensive method of control. In addition, most
hardwoods re-sprout vigorously after cutting, produc
ing a hardwood cover that is often more dense than the
original (D'Anjou, 1990). In spite of the disadvantages,
manual brushing is practiced widely (Canadian Coun
cil of Forest Ministers, 1993). Much research has been
devoted to improve methods and timing of manual
brushing in Canada and elsewhere (Harrington, 1984;
Johansson, 1987; Pendl and D'Anjou, 1990).
Chemical herbicide use is the most common solu
tion to vegetation control in Canadian forestry (Cana
dian Council of Forest Ministers, 1993) and on indus
trial rights-of way. Glyphosate (e.g., Roundup^“ and
Carbopaste’’''^) is the most widely used chemical her
bicide in Canadian forestry (Campbell, 1990) and is
generally considered the most effective against the ma
jor forest brush species in BC (Coates and Haeussler,
1986). Herbicide use is favoured for a number of rea
sons; they may be applied to large areas within a
short time, they can be selective, or broad spectrum,
and can therefore be used for site preparation prior to
planting, as well as for conifer release in established
plantations (Malik and Vanden Born, 1986; Campbell,

1990). Chemical herbicides have one major disadvan
tage; the risk of contamination of soils, water courses,
vegetation, and fauna. In some cases this risk is real
and in others it is questionable, but the net effects
of these perceptions of risk are increasingly stringent
restrictions on herbicide use and a renewed search
for environmentally acceptable alternatives (ConwayBrown, 1984; Halleran, 1990). Such restrictions also
discourage the development and registration of new
and better herbicides (Campbell, 1991). Restrictions
on aerial spraying has led to increased use of man
ual stem injection, foliar sprays using vehicle mounted
sprayers, or backpack sprayers, and stump treatments
for the application of herbicides. A lack of permissi
ble broadcast treatments means that weed control must
become more selective, while maintaining/increasing
environmental and worker safety.

BIOLOGICAL CONTROL AND CHONDROSTEREUM
PURPUREUM

An alternative to the use of chemical herbicides is
the application of natural pathogens of weed species
to obtain a biological control of vegetation. Biological
control is defined as the deliberate use of one or more
organisms to suppress the growth or reduce the pop
ulation of another organism to a level where it is no
longer an economic problem (Hawksworth et al., 1995;
Templeton et al., 1979). The preferred control organism
is a native species that has been thoroughly character
ized and is easily employed as an inundative control
strategy. The inundative method of biocontrol involves
single or multiple applications of sufficiently high lev
els of the control agent to the weed population, under
conditions that favour disease onset (Daniel et al., 1973;
Templeton et al., 1979; Charudattan, 1991). This typ
ically results in a locally elevated population of the
biocontrol agent that declines to normal endemic lev
els, once the target weed species has been suppressed.
Following the initial inundation of the target species
with the biocontrol agent, the population of the biocon
trol is not self-sustaining and new inoculum is required
for each control situation. This situation is most desir
able, since it will help to minimize the likelyhood of
effects on non-target species.
The phytopathogen C. purpurcum is a good candi
date for development as a biological control agent of
hardwoods in reforestation sites and industrial rightsof-way as it is an indigenous basidiomycete fungus
that occurs naturally in all of the ecozones of Canada.
It is usually the primary invader of fresh wounds of
trees and, as such, has a unique role among the wood
inhabiting basidiomycetes (Rayner and Boddy, 1986).
Its only reported habitat is in living or recently killed
trees and on recently cut logs, stumps or logging slash
(Rayner, 1977; Hintikka, 1993; Duncan and Lombard,
1965; Ginns, 1986). Although it has a broad host range

Chondrostereum purpureum

among the woody angiosperms, non-target hosts are
not likely to be affected unless they are wounded dur
ing inoculum (basidiospore) dispersal (Dye, 1974; de
Jong et al., 1990).
The use of C. purpureum will offer several advanfages over current efforts in vegetation management.
This biocontrol agent is selective and will not af
fect other vegetation on site. This is advantageous to
vegetation managers in rights-of-way, who wish to
maintain a low understory of vegetation to prevent
soil erosion. On reforestation sites, it may be desir
able to maintain a small hardwood component to aid
in nitrogen fixation, nutrient cycling, and improve soil
quality, as well as increase biodiversity for the benefit
of other components of the forest biota. The non-living
components of the biocontrol agent formulations are
non-toxic and biodegradable; the active ingredient is
a plant pathogen that will only infect wounded trees
and is not toxic, infectious or pathogenic to the pes
ticide applicator or to animal species in general. The
risk of non-farget effecfs on planfs, animals, soils, and
watercourses should be much reduced, as compared
to chemical methods of control. The use of C. pur
pureum in vegetation management can significantly
reduce chemical herbicide use and thus minimize any
possible detrimental effects associated with their ap
plication.

SCALE-UP AND MANUFACTURE

The development of a successful biological confrol
agent relies on the satisfaction of a number of crite
ria. These include the evaluation of the effectiveness of
the control agent against the target species (Templeton,
1992; Wall, 1992; Yang and Tebeest, 1993), an evalua
tion of the potential impact of the control agent on non
target species (Wapshere, 1974; Wall, 1991; Yang and
Tebeest, 1993), an assessment of the safety (Templeton,
1992; Cook et al., 1996) and environmental fate of an
inoculated strain in natural ecosystems (Anderson and
May, 1986; Teng and Yang, 1993). Many of these criteria
have already been met for C. purpureum (Becker, Ball,
and Hintz, 1999; Ramsfield et al., 1999; Hintz et al.,
2000). Other factors which must be considered include
the development of an effective formulation and appli
cation method for the control organism (van Drieshe
and Bellows, 1996), and the development of a reliable
method of inoculum preparation that may be scaled
up for the commercial production of the control agent.
For the production of C. purpureum to be commercially
viable, it is necessary to have a reliable, inexpensive
method of producing the active ingredient. Ideally, the
inoculum must be of consisfently high level of titer
(colony forming units, or cfus g“ ^), contain an accept
ably low level, of microbial contaminants, maintain a
high level of infectivity/pathogenicity for the target
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tree species, exist in a form thaf may be stored for pro
longed periods and easily fransporfed, and be easily
adaptable to new formulations suitable for different
application technologies.
Chondrostereum purpureum grows well both in a
stirred liquid culture and on solid substrate, but even
though the fungus will grow quickly in liquid culfure,
it is not a suitable medium for the long-term storage
of the fungus. This is due to the rapid decline of cul
ture viability and the impracticality of storing large
volumes of liquid cultures. Because C. purpureum is
a filamentous fungus, it is also difficult to estimate
the titer of liquid cultures and measure out consistent
quantities of biomass for addition to the formulation.
Fortunately, the fungus will readily colonize a solid
substrate, amended with a nutrient solution, and retain
a high viability for a long period. This form of inocu
lum is more suitable for storage in large quantities, is
easy to measure for fiter and can be easily mixed into a
formulation to produce batches of the end-use product
(EUP) as required. These features of C. purpureum have
prompted us to manufacture the fungus by a fwo-stage
fermentation process.
The two-stage fermentation process begins with the
inoculation of a malt extract based broth contained
in a 10 1 BioFlow fermenter (New Brunswick Scien
tific) with a sheared liquid culture. A high rate of
agitation and aeration produces a liquid C. purpureum
culture with a large number of small mycelial frag
ments of high viability and titer (500-700 g fresh
weight). This liquid culture is diluted in a nutrient
broth and provides an ideal inoculum for a peat-based
substrate, contained in sterile bags. Solid matrix fer
mentation proceeds for 4-6 weeks to allow adequate
colonization of the substrate and this uniform mater
ial is subsequently used as the active ingredient in the
EUP. Quality control at all stages of fhis manufactur
ing process is important in detecting the occurrence
of microbial contaminants and identifying sources of
contamination. The substrate must be free of human
and animal pathogens and may contain no more than
1 X 10^ cfus kg“ ^ of microbial contaminants. Contam
inants will reduce the titer of the substrate and may
include organisms that pose a risk to worker health, or
non-target species. As well, quality control is essential
in monitoring the titer of inoculum and detecting ab
normal growth of the fungus, that may be indicative of
physiological changes or genetic abnormalities (Horgen et al., 1996).
Upon completion of the solid matrix fermentation,
the titer of the active ingredient is well above the min
imum standard of 1 x 10^ cfus kg'^ (Table 1). When
stored at room temperature (22-26°C), the minimum
standard is maintained for at least twelve months (Ta
ble 1). It has proven to be of consistently high purity
and maintains its pathogenicity for the target hosts.
The solid matrix is used as the active ingredient in dif
ferent formulations of the biocontrol agent as required.
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Table 1. Titer and long-term storage of peat- and clay-based active ingredients

Active

Titer over time (cfus kg ' p

ingredient

4 weeks

4 months

Peat-based

1.4 to 4.4 X 10®

1.1 to 4.4x10®

4.7 X 10^ to 3.5 X 10®

1.5 x 10^ to 1.2 X 10®

Clay-based

1.5 to 2.5 X 10®

1.9 to 7.3x10^

1.3 to 3 .2x 10^

5.8 to 7.7 X 10®

8

months

12

months

Range of titers determined by cfu assays of independent samples taken from five separate batches each of clay- and peat-based inoculum over
time.

and can also be easily transported in dry form, prior
to mixing with the other ingredients of a formulafion.
Since the fungus C. purpureum does not produce conidial spores during vegetative growth, the fungal inocu
lum consists of small fragmenfs of fungal mycelium
growing on the peat-based substrate. The larger and
variable size of this biomass, as compared to fungal
spores, presents some challenges to the development
of an effective formulation and an efficient application
method.

EVALUATION OF DIFFERENT FORMULATIONS OF THE
BIOCONTROL AGENT

A commercially successful formulation must be in
expensive, easy to prepare and apply, as well as
demonstrate a reliable efficacy under operational field
conditions. With these criteria in mind, the growth
characteristics of the fungus C. purpureum must be ac
commodated when developing a suitable formulation
and application method.
The solid matrix inoculum consisted of fine frag
ments colonized by the mycelium. These fragments
were then diluted and mixed in a suitable carrier
to provide a formulated product. We developed and
tested two formulations of the EUP; the first is a paste
like formulation which is applied by hand from a
squeeze bottle, and the second formulation is a liquid
preparation that may be applied to cut stumps using a
portable backpack sprayer.
Paste formulation

Using a paste formulation of glyphosate (Carbopaste’’^'^’) as a model for a suitable carrier for a bio
control, researchers at the Canadian Forestry Service
(Pacific Region) developed a clay-based formulation
for C. purpureum. Carbopaste^^ was being used by BC
Hydro as a spot treatment to minimize herbicide ap
plication. The CPS paste formulation consisted of the
active ingredient mixed with a clay-based carrier that
provided protection from dessication and UV irradi
ation, as well as sufficient nutrients to support the
fungus until an infection was established. The paste
was applied to the living sapwood of a stump, im
mediately after cutting. The Canadian Forestry Service
(Pacific Region) has recently been awarded a patent

covering the preparation and application of C. pur
pureum in this formulation as a mycoherbicide for the
control of weed trees (Wall et al., 1996). The efficacy of
the clay paste EUP has been demonstrated in a number
of field trials against several weed tree species (Pitt et
al., 1996; Harper et al., 1998) (Table 2). Results to date
indicated the greatest efficacy is obtained with the tree
species of red alder (Alnus rubra), Sitka alder {Alnus sinulata), and aspen {Populus tremuJoides). The minimum
titer of the paste EUP is 1 x 10- cfus g~^ and an average
application rate of 5 g per stem provides a minimum of
500 infection units stem^^.
The composition of the clay paste EUP has since
been modified to improve the efficiency of formulation
production with the current two-stage fermentation
process. One of the disadvantages of the clay-based
inoculum was the relatively low titer and short shelf
life. The clay-based inoculum used previously for the
clay paste EUP maintained the minimum titer (1 x
10^ cfus kg“ ') for eight months of refrigerated stor
age. In contrast, the peat-based inoculum maintained a
higher titer over a longer period and could be stored at
room temperature, thus reducing costs tremendously
(Table 1). The peat paste requires a much smaller quan
tity of inoculum to obtain the same titer as the clay
paste, also reducing EUP production costs. The claybased inoculum must be kept at 4-8°C for long-term
storage, while the peat-based inoculum may be stored
at room temperature (22-26°C). The former is also
more costly to prepare. The peat paste EUP is easier to
prepare and apply, and has a similar efficacy (Table 3).
The improved peat paste formulation still has sev
eral limitations, namely, a limited shelf life once for
mulated as an EUP and a requirement of cold storage
prior to use, a greater cost of manufacfure than simpler
formulations (spray formulation), due to the inclusion
of several ingredients, and a labour intensive method
of application that contributes to the cost of vegetation
control. These limitations have spurred further refine
ment of our application technology.
Spray formulation

The spray formulation was developed to permit the
use of the biocontrol product on a larger scale, employ
ing more conventional application technologies. This
liquid EUP contains a carrier that protects the fungus,
while at the same time maintaining the active ingre
dient in suspension. The viscosity of the suspension
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Table 2. Summary of field efficacy of clay paste formulation
Location
and year

Target tree
species

Treatments

First year assessment
(%, mortality)

Duncan, BC
1 9 94b

Red alder

Paste
Glyphosate
Brush control

92
97
65

Paste
Brush control

99

Prince Rupert, BC
1995

Red alder

Ripperto Creek, BC
1995'’

Sitka alder

Chetwynd, BC

Grand Forks, BC
1995®

99
86

Not assessed

80

Paste
Release*Brush control

88

98

100

16

11

Not assessed

36
98
100

15
84
97
31

Not assessed

Paste
Release*Brush control

Aspen

100

68

Paste
Carbopaste*^
Garlon 4*^
Brush control

Aspen

1996

Second year assessment
(%, mortality)

®Harper et al. (1998).
‘’ Pitt et al. (1996).
'-Triclopyr.
‘‘ Glyphosate.
Table 3. Comparative efficacy of peat- and clay-based formulations
Formulation

Re-isolation of fungus
from stumps®

Efficacy in 1999
Coppices with
no re-sprouting (%)

Efficacy in 2000
Coppices with
no re-sprouting (%)

Titer of EUP

Yes
Yes
Yes
Yes
NA

90
95
81
85
40

78
94
93
75

1 x 10^
0.5 X 10^
0.25 X 10^
1 x 10^
NA

Peat paste ( lx )
Peat paste (0.5 x)
Peat paste (0.25 x)
Clay paste
Untreated control

22

(cfus g” ')*®

®Identified by PCR-based genetic markers (Becker, Ball, and Hintz, 1999).
'^Minimum estimated titer of EUR

is low enough to permit it to pass easily through the
modified nozzle of standard backpack sprayers, and is
likely suitable for vehicle mounted sprayers, or other
methods of general broadcast application. The rela
tively large size of inoculum fragments (as compared
to fungal spores) necessitates a larger nozzle aperture
to produce a stream of inoculum rather than a mist.
The minimum titer that will yield infection frequen
cies greater than 95% is currently being determined
through field trial testing. A patent application has
been filed recently (2000) for this iimovative spray for
mulation.

FIELD TRIALS OF BIOCONTROL AGENT EFFICACY
Paste trials

Operational testing of both the paste and spray for
mulations is being conducted in a right-of-way on

Vancouver Island in the Nanaimo Lakes district (East
Circuit 2L 128), with the cooperation of BC Hydro
electric Power Co. Stem density averaged 30-40,000
stems ha“ ^ on this site and the primary species present
was red alder. An area of 7 ha was cut and treated
with the peat paste formation, using methods to sim
ulate normal operational vegetation management. As
in past trials, we have been testing a local dikaryotic isolate of C. purpureum, originally collected from
a canker on red alder {Alnus rubra Bong) near Duncan,
British Columbia in 1994 (isolate PFC2139). The fungal
mycelium of this isolate is the active ingredient con
tained in our formulations applied to target trees.
Treatment plots were set up to compare the efficacy
of the standard clay paste with the newly developed
peat paste formulation. Peat paste was prepared at
1 X (1 X 10^ cfus g“ ^), 0.5 X (0.5 X 10^ cfus g“ ^), and
0.25 X (0.25 X 10^ cfus g“ ^) active ingredient in the
EUP and a single concentration of clay paste (1 x
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10" cfus g“ ') was also prepared and applied to cut
alder coppices in separate 50 x 114 m blocks. For
efficacy measurement, six 50 m^ circular plots were
established along transect lines running through each
treatment block. The effectiveness of these treatments
were assessed in the summer of 1999 by comparing
the extent of re-sprouting from cut stumps in each of
the treatment areas, involving counts of at least 100
coppices in each. A second assessment was done for
re-sprouting in the summer of 2000 (Table 3).
The estimated titers of the clay paste and the 1 x
peat paste were of the same order of magnitude, while
the lower concentrations of peat paste were lower titer.
The efficacy of the peat paste at all concentrations was
similar to that seen with the clay paste in this trial
and in previous field assessments (Table 2). The vig
orous regrowth of other vegetation in the second year
of assessments made the detection of dead coppices
difficult and likely contributed to an under estimate
of efficacy. This is the first report of field efficacy for
the peat paste and these favorable results support the
future use of the peat-based paste, in place of the
clay paste. The other advantages of the peat-based
inoculum (longer shelf life, reduced cost, reduced con
tamination, reduced quantity of inoculum required in
EUP) also support this choice.
Spray trials

It is important that the development of any new bio
controls consider the existing requirements of the ap
plicator (e.g., ease of application and cost) and the
constraints of the site conditions. With these factors in
mind, our spray formulation was developed for testing
in large-scale applications, where mechanized brush
ing is often chosen over manual brushing to reduce
costs. Although the paste formulation provides good
efficacy, it is likely to be better suited for more strategic
use, for example, in riparian areas where the selective
treatment of coppices is required. In other situations,
such as mechanized brushing, a formulation suitable
for broadcast application is most suitable. For these tri
als, local contractors were hired to ensure that the tests
emulated true application conditions.
In November of 1999, an area of 2.3 ha was mowed
by Flydro-Ax and then treated with the spray formula
tion, applied from backpack spayers. In these tests, the
formulation was applied to a shattered stump rather
than a clean-cut surface, as with the paste. The av
erage application rate of the formulation was 7.7 x
10^ cfus m“^, which is in the same order of magni
tude as the average application rate of peat paste (at
least 500 cfus stump” ^), if applied to a coppice with
multiple cut stumps. In these trials, the time elapsed
before application was much greater, about 2-3 h, than
in trials of the paste formulation, about 10-15 min.
The greater time to treatment was due to logistical
and safety constraints with the mower on site. This
method of mowing and treatment would prove to be

more cost effective than brushing by hand, if the bio
control agent efficacy is acceptable. The efficacy of the
spray application will be determined in the summers
of 2000 and 2001. Should fhis formulation and appli
cation method provide sufficient infection for good
efficacy, it will likely become the prefered strategy for
large-scale treatment of weed trees.

GENERAL DISCUSSION AND SUMMARY

Our field trials so far have demonstrated that C. purpureum can serve as an effective alternative to chemical
or manual methods of brush control, for several impor
tant weed tree species. Our continued improvement
of fhe production and application technologies will
also make this method of vegetation control a finan
cially viable/competitive approach. Future trials will
be initiated in collaboration with vegetation managers
operating in industrial rights-of-way, municipal and
in the forestry sectors. The commercial success of this
biocontrol agent may provide a needed impetus for
the development of other control agents, for vegetation
management and other sectors of pest control.
We have improved our paste formulation by re
ducing the cost of inoculum production and improv
ing shelf life, while maintaining standards of quality
control and product efficacy against the target weed
species. The paste formulation has demonstrated an
efficacy comparable to the herbicide glyphosate on
red alder. The ongoing development of the spray for
mulation should identify the best composition of this
formulation, the minimum titer required and the op
timal methods of applicafion. The optimization of the
spray formulation should provide a more competitive
alternative to herbicide application and will hopefully
prove to be useful for large-scale vegetation manage
ment.
This biocontrol agent could be an important com
ponent of an integrated vegetation management strat
egy, incorporating manual, mechanical, and biological
control treatments. The use of safe vegetation con
trol methods in the vicinity of riparian zones is of
increasing concern; a safe and selective control agent
will permit the strategic control of weed trees in
these areas, with a minimum of soil disturbance and
a reduced impact upon aquatic organisms. The use
of conventional chemical herbicides on species resis
tant to C. purpiimun will still be required in some
situations. Fiowever, the use of C. purpureum on susceptable plant species can reduce chemical herbicide
use/dependence overall in vegetation management.
The use of C. purpiireiini will also result in a reduction
in the frequency of manual/mechanical brush control
measures required in a given area, due to the preven
tion of resprouting by the fungus. This attribute of
the biocontrol agent will contribute to reduced costs
of vegetation management for susceptible species, es
pecially on sites where management is an ongoing
concern.

Chondrostereiwi purpuremn
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Risk Analysis for Tree Growth Regulators (TGR)
Used on Electric Utility Rights-of-Way
Logan A. Norris, Frank Dost, Rufin VanBossuyt Jr., and Jeffrey Jenkins

Paclobutrazol and flurprimidol tree growth regulators are useful for lengthening the trim cycle
for trees in electric utility rights-of-way. The resulfs of an analysis of the human health risks show
that with appropriate precautions these materials can be used safely. The safety results from the
limited exposure humans and other organisms receive due to the restricted distribution of the
chemicals and their lack of mobility in the environment. Comparing the exposure information
to the no-observable-effect-level (NOEL) shows nearly all exposure scenarios have adequate
margins of safety. In those few instances where the margins of safety are less than 100, simple
mitigation procedures will help. The most important are to (a) restrict the access of children to
the flurprimidol pellets, (b) limit the soil injection of paclobutrazol in areas where sand is the
dominant component of the soil, (c) use protective gear in handling paclobutrazol concentrate,
and (d) if paclobutrazol concentrate is spilled, immediately remove contaminated clothing and
wash affected skin. The risk to other organisms is small, requiring no mitigation.
Keywords'. Paclobutrazol, flurprimidol, human health risk

INTRODUCTION

Modern electric utility distribution systems require a
program of management to provide space between
tree-parts and electrical conductors and equipment.
Tree growth regulator chemicals (TGRs) such as pa
clobutrazol (Profile® 2SC) and flurprimidol (Cutless®)
are approved by the US Environmental Protection
Agency (USEPA) for this purpose. Decisions concern
ing the use of these materials must include specific
consideration of the effects of their use on the envi
ronment and various life forms. A human health-risk
assessment, including the risk to the general public
and to utility workers (applicators), is a critical part of
this.
As part of a process to consider the use of paclobu
trazol and flurprimidol in New York, Empire State
Electric Energy Research Corporation (ESEERCO)
commissioned Environmental Consultants, Inc. (ECI)
to prepare a Generic Environmental Impact Statement

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

(GEIS). TGRs have been used on a trial basis in New
York, and the purpose of the GEIS was to compile
information related to its further use in the State,
drawing on research and experience in other places.
The GEIS evaluates and summarizes what is known
about paclobutrazol and flurprimidol, including hu
man health risk and the risk to other life forms, to aid
in the decision making process. The GEIS is being sub
mitted to the New York regulatory authorities (Norris
et al., 2000).

RISK ASSESSMENT

Risk assessment is the process by which the likelihood
of adverse effects from the use of a TGR such as pa
clobutrazol or flurprimidol is determined. The process
is based on widely accepted theory and practice in tox
icology, chemistry and biology, and is not unique to
TGRs. The risk assessment process used here is the
same one used to determine the likelihood of adverse
effects from food additives, medications, household
and industrial chemicals, and environmental contami
nants (Eig. 1). It is applicable to human health risk and
the risk to other organisms.

674

L.A. Norris, F. Dost, R. VanBossuyt jr., and ]. Jenkins
COMPONENTS OF THE RISK ASSESSSMENT PROCESS
Hazard AnaNsis
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heUcide and anj other irfonrative data

Fig. 1. The risk assessment process.

Risk is determined by both the toxicity characteris
tics of the chemical and the exposure organisms may
receive in a particular pattern of use. This TGR risk as
sessment has three components:
- Hazard analysis. Hazard analysis identifies the crit
ical toxicity characteristics of each compound. The
hazard is expressed as the response of organisms to
varying levels of exposure to the subject chemical,
usually in controlled laboratory experiments. The
exposure in these tests is usually expressed as mil
ligrams kilograms~^ day“ ' (mg kg^’ day^^). Haz
ard assessment identifies such measures of toxicity
as the acute oral LD 5 0 , dermal toxicity, reproduc
tive effects, and such chronic toxicity characteristics
as mutagenicity and cancer. Importantly, the hazard
analysis identifies the lowest reliable no-observableeffect-level (NOEL) that has been reported for each
compound. Since the goal is not to have adverse ef
fects on non-target organisms, the NOEL is crucial to
the risk assessment.
- Exposure analysis. Exposure analysis quantitatively
determines the level of exposure a human or other
organism is likely to receive. This requires knowing
the routes by which exposure may occur and then
quantifying the levels expected to occur in a particu
lar practice or pattern of use. The routes of exposure
include ingestion of contaminated food and water, ab
sorption through the skin, and inhalation of contami
nated air. Information on the movement, persistence

and fate of a TGR in the environment is used in esti
mating the exposure. For instance:
- Leaching and persistence characteristics in soil deter
mine the potential for impact on ground water
quality, and the tendency to drift or runoff deter
mines the impact on surface water quality. In com
bination, these determine the possibility humans
could be exposed by ingestion of this water,
- Persistence in vegetation or animals determines the
potential exposure of humans from eating the
vegetation or animals, and
- Volatilization determines impacts on air quality
and the potential for inhalation exposure.
- Risk analysis. Risk analysis combines the information
from the hazard analysis and the exposure analysis
to determine the toxicological impact. This is done
by comparing the expected exposure (from the expo
sure analysis) to the NOEL (from the hazard analy
sis). For systemic or reproductive effects, the risk
is described as the margin of safety. The margin of
safety is simply the ratio of the NOEL:exposure.
To illustrate, if paclobutrazol has a NOEL for sys
temic effects of 7.0 mg of paclobutrazol per kg of
body weight per day (abbreviated mg kg“ ^ day“ ^) and
the expected exposure is 0 . 0 0 0 2 mg kg“ ' day“ ’ , then
the margin of safety is the result of the ratio of (7.0)
(0.0002)'^ which is 35,000. In this illustration the mar
gin of safety is 35,000, which means that the level of
expected exposure is 35,000 times lower than the level
of exposure shown to produce no observable effects in
laboratory testing.
What constitutes safety? In the human health risk
assessment process, a margin of safety that is 1 0 0 or
greater is the commonly accepted criterion (regulatory
standard) for human safety. It provides a 100-told
margin to accommodate uncertainty, differences in
sensitivity among individuals, and the possibility there
may be adverse effects that have not yet been observed
or reported.
Risk assessment is more complicated if the chem
icals in the assessment are carcinogens. If they are,
then a cancer risk assessment is done to determine
the probability of causing cancer. Cancer risk assess
ment is complicated, but has been well developed
and is widely used as part of the regulatory process.
The common regulatory standard for cancer is one
excess cancer in 1 million lifetimes. Cancer is a very
common human disease, occurring naturally approx
imately 250,000 times in one million lifetimes. It is
believed that roughly one in every four people will
have cancer sometime in their lifetime, not as the re
sult of exposure to cancer-causing human-made chem
icals, but due to the normal stressors of life and our
genetic makeup. The standard of one excess cancer al
lows an increase in the incidence of cancer from the
natural level of 250,000 to 250,001 in a population of
one million people.
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In the following sections we describe the environ
mental behavior of each chemical, then report the re
sults of the hazard analysis, the exposure analysis and
the risk analysis.

TREE GROWTH REGULATORS

Moore (1998) provides a useful review and discus
sion of plant growth regulation. His discussion in
cludes the role and function of the various natural
plant hormones (auxins, gibberellins, cytokinins, absicic acid, and ethylene). Flurprimidol and paclobutrazol exert their biochemical action though influence
on the biosynthesis of some of the natural plant hor
mones. Breedlove, Holt, and Chaney (1989) have pub
lished an annotated bibliography on tree growth regu
lators.

PACLOBUTRAZOL

Paclobutrazol was reported as a plant growth regula
tor by Lever et al. (1982). It was first introduced by ICI
Agrochemicals (now Zeneca Agrochemicals). Now pa
clobutrazol is sold by Dow Agro-Sciences as the spe
cialty growth regulator named Profile® 2SC. Paclobu
trazol is also sold under the label name of Bonzi® for
floriculture crops, and TGR Turf Enhancer® 2SC by an
other manufacturer for use on fine turf grasses. Guitar®
is another paclobutrazol formulation.
Paclobutrazol was first registered with the USEPA
on March 1, 1989, for use as a tree growth regula
tor to be applied by a tree trunk injection applica
tion method. It was then registered for the currentlyused soil injection and basal soil drench application
methods on June 29,1992. Profile® 2SC contains 21.8%
( 2 pounds/gallon) paclobutrazol as active ingredient
and 78.2% inert ingredients.
OH
(CH3), c c h - OHCHj —

Cl

N -3

Paclobutrazol

lUPAC name: (2RS,3RS)-l-(4-chlorophenyl)-4,4-dimethyl-2-(lH-l,2,4-triazol-l-yl)-pentan-3-ol.
Chemical abstracts name: (R*,R*)-(±)-/J-[(4-chlorophenyl)methyl]-a-(l,l-dimethylethyl)-lH-l,2,4-triazole-l-ethanol.
Molecular weight: 293.8.
Melting point: 165-166°C.
Vapor pressure: 1 x 10“^ mPa (20°C), 8 x 10“^ mPa
(30°C).
Row: logP = 3.2.
Solubility: water (distilled, 20°C) 26 mg
hexane
10 g
methanol 150 g l“ k
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Stability: stable for more than 2 years at 20°C. Stable
to hydrolysis (pH 4-9), not degraded by UV light
(pH 7,10 days).
Paclobutrazol is absorbed by stems, leaves and roots
and moves in the xylem to growing sub-apical meristems. It is used on fruit trees to inhibit vegetative
growth and to improve fruit set. It is also used on
container-grown ornamentals and flower crops (i.e.,
chrysanthemum, begonia, poinsettia) to inhibit their
growth, and on grass seed crops to reduce height and
prevent lodging. The biochemical mode of action is
through inhibition of gibberellin and sterol biosynthe
sis. When used as a tree growth regulator, paclobutra
zol reduces stem elongation and lengthens the period
of time between trimmings required to keep plants
within a desired size. Paclobutrazol has been reported
to have a wide range of effects on plant anatomy, phys
iology, and biochemistry. It is likely most or all of these
effects are secondary, and result from the primary ef
fects of paclobutrazol on the biosynthesis of plant hor
mones.

ENVIRONMENTAL BEHAVIOR OF PACLOBUTRAZOL
Soil persistence and leaching

Paclobutrazol is quite persistent in soil but shows lit
tle tendency to leach in the soil profile. This suggests
it binds strongly to soil particles. British Crop Protec
tion Council (1997) summarized the soil half-life as
between 0.5 and 1 year in general, with a half-life of
42 days in a clay loam (pH 8.8,14% organic matter con
tent), and half-life of 140 days in a coarse sandy loam
(pH 6 .8 ,4% organic matter content).
Harvey and Hill (1985) studied the fate of paclobu
trazol in soil following broadcast application as it
might be done for turf grass. They reported a half-life
in soil of 25-32 weeks under field conditions in North
Carolina, Mississippi, Illinois, and California for pa
clobutrazol and its major soil metabolite (ketone oxi
dation product). Francis (1986) studied the behavior of
paclobutrazol where it was used in a broadcast appli
cation, which we use to estimate paclobutrazol behav
ior in soil after leaf-fall from trees treated in the fall of
the year. He found the half-life is 6-7 months, and no
residues (< 0 . 0 1 mg kg~^) were found at depths below
6 inches.
Mak, Crook, and Atreya (1987) conducted a de
tailed field study of the persistence and movement
of paclobutrazol in soil following soil injection in US
orchard soils in several states. The material was in
jected at two rates, 0 . 6 and 6 . 0 g of chemical per lineal
horizontal-foot of injection trench. Soil samples were
taken using the open box technique at various time in
tervals up to twelve months, and to various depths.
Paclobutrazol remained highly localized at the points
of application up to twelve months after treatment,
with the majority remaining in the top 40-cm layer of
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Table 1. Paclobutrazol residues at 12 months^
Depth in soil (cm)

Florida
(m gkg

1 )2

West Virginia

% of zero time^

(mg kg

1

)

California

% of zero time

(mg kg ' )

% of zero time

76

14
1.3
0.64
0.19

50
4.6
2.3

grams
paclobutrazol

0 .6

0 -2 0

20-40
40-60
60-80
80-100
1 0 0 -1 2 0

1.3
0.27

55
6.5
1.4

0 .2 1

1 .1

0.09
0.07

0.5
0.4

35
0.35
0.03
NA-l
NA
NA

120

447

11

0 .8
0 .1

NA
NA
NA

0 .1

0.05

0 .6 8

0.36
0.18

grams
paclobutrazol
6 .0

20-40
40-60
60-80
80-100

108
25
6.3
3
2.4

1 0 0 -1 2 0

1 .8

0 -2 0

28
6.9
3.3
2.7
1 .8

1 .0

109
0.24

0 .1

0 .0 2

NA
NA
NA

NA
NA
NA

177
3.3
1.4
0.4
0.05
0.05

54
1 .0

0.43
0 .1 2
0 .0 2
0 .0 2

' After Mak, Crook, and Atreya, 1987.
“mg kg“ ^ is for paclobutrazol plus ketone metabolite.
'^% of zero time is for paclobutrazol alone.
■*NA — no data reported.

the soil at all sites. A very small percentage (generally
<5%) was found at depths between 40 and 122 cm.
Paclobutrazol dissipated from bofh rafes in California,
and from the lower rate trial at West Virginia, with an
estimated half-life of 1-3 years (Table 1).
Summarizing fhe work of several others, Atreya,
Skidmore, and Lewis (1990) reported the following
concerning the behavior of paclobufrazol in field stud
ies of persistence and mobility in soil:
United Kingdom — Apple trees were treated at
2 . 0 kg a.i. ha“ * and soil samples were taken under
neath trees to a depth of 30 cm over a one-year pe
riod after application. Paclobutrazol had a half-life of
6-7 monfhs under alkaline soil conditions with 70-72%
of the applied chemical dissipated at 12 months. The
half-life was longer ( 1 0 months) under acidic soil con
ditions, and 59% of the applied chemical dissipated
at 12 months. Extremely low residues of paclobu
trazol were measured in the 1 0 - 2 0 cm soil profile
(0.05 mg kg~ *), and non-detecfable residues (< 0.02 mg
kg^’ ) were found in 20-30 cm soil profile. These trials
showed little evidence of leaching.
Ifaly — Peach orchards in Northern Italy were
treated with paclobutrazol at 0.75 kg a.i. ha“ ^ and
soil samples to a depth of 30 cm were taken for one
year. Paclobutrazol had a half-life of three months and
less than 5% remained after one year. Generally, no
detectable residues (< 0 . 0 1 mg kg“ ^) of paclobutrazol
were measured in the 15-30 cm soil profile (Mak and
Atreya, 1990).
Malaysia — Paclobutrazol was applied at 2.0 kg a.i.
ha “ ' and soil samples to 40 cm were taken for 183 days.

The half-life was approximately one month, and only
1% remained after 183 days. No detectable residues
(< 0 . 0 1 mg kg“ ^) of paclobutrazol were found below
20 cm (Crook, Mak, and Atreya, 1989).
Canada — Paclobutrazol was applied at a rate of
1 . 0 kg a.i. ha“ ' to a loamy fine sand and to a silty clay,
and soil samples were taken to a depth of 30 cm for a
period of 366 days. 25 and 29% of zero-time residues
remained after three months. Dissipation slowed dur
ing the winter months, resuming in spring. 10 and 17%
of the applied dose remained after 366 days. No pa
clobutrazol was found below fhe 1 0 cm soil depth.
United States — Four trials were set up at various
locations in the USA on a variety of soil fypes (silty
loam, silty clay loam, loamy fine sand, and fine sandy
loam with range of pH 5.6-8.0). Paclobutrazol (applied
at 2.24 kg ha^’ ) exhibited half-lives of between 4 and
8 months. 87-98% of the applied chemical dissipated in
18-24 months, and no residues (<0.01 mg kg“ ^) were
measured at depths greater than 15 cm (Pearson, 1984).
Summarizing their conclusions, under temperate
climatic conditions the half-life of paclobufrazol in a
variefy of soil fypes and environmental conditions is
4-11 months with up to 30% remaining in soil after one
year.
Atreya, Skidmore, and Lewis (1990) also summa
rized field studies of paclobutrazol persistence and
mobility in soil following repeated applications of this
material in apple orchards in the United Kingdom,
providing a basis for evaluating the potential for accumulafion of this material following repealed appli
cations over time.
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Table 2. Concentration of paclobutrazol in apple after exposure
via soil drench (from Reed et al., 1989)
Weeks after
exposure
1

3
5
7
9
11

13
- RESIDUE 0-20 CM HERBICIDE STRIP
- CUMULATIVE AMOUNT APPLIED

Fig. 2. Paclobutrazol residues in soil in the UK apple orchards
following repeated annual applications of Cultar®, 1982-1989 .

Paclobutrazol was applied annually as foliar spray
using commercial equipment to established apple or
chards. In the first year, rates up to twice the max
imum annual use rate were applied but subsequent
treatments were within the label guidelines. Soils were
sampled annually in November. Residue levels re
mained constant, showing no buildup over time
(Fig. 2). Similar results were found over a three-year
period in a peach orchard in Italy, indicating that re
peated applications of paclobutrazol will not result in
a progressively higher accumulation over time.
Ground water

The pattern of persistence and mobility in soil of
paclobutrazol as it is used by electric utilities is such
that it is highly unlikely to contaminate groundwater.
However, because of the concern expressed about this
by reviewers, a more detailed analysis was made
by modeling the leaching of paclobutrazol in New
York soils using the PATRIOT Model System used by
USEPA (Appendix 11.3, Norris et al., 2000).
In each simulation, the depth to the water table was
assumed to be 2 0 0 cm or greater, and the persistence
in soil to be represented by a half-life of 270 days. The
climatic variables are for the specific geographic loca
tion. A sample of ten soils for the county was included
in each model analysis. The soils were selected from
a list of soils of the county, arrayed by their clay con
tent. The soils chosen were evenly distributed by clay
content and were arable.
The modeling simulations of paclobutrazol leaching
in 60 soils found in six New York counties show no
paclobutrazol leaching below 200 cm at the 0.5 kg ha“ ^
application rate. At the 1.8 kg ha“ ^ application rate,
the model results show paclobutrazol at a level of
0 . 1 parts per million (ppm) at 2 0 0 cm in three soils
(one soil in each of three counties) out of the 60 tested.
The leaching predicted by the model is conservative
because it is based on annual applications for 1 0 years,
and paclobutrazol is generally used only once in
a period of three to eight years in electric utility
vegetation management.

Shoot
9
10

4.5
5.5
4
3
2.5

Dry weight (mg kg ^)
Apex
5.5
8.5
4.5
4
5.5
2
2

Leaf
20

35
18
22
22

9
9

Based on these results and the results of leaching
and persistence studies in other locations (cited above),
we conclude the likelihood of paclobutrazol leaching
to contaminate ground water is remote. Further, the
pattern of use by electric utilities is unlikely to result in
entry of paclobutrazol to surface water; therefore, we
conclude fhat ingestion of contaminafed water is not a
meaningful route of exposure for humans or animals.
Vegetation

Stems, leaves and roots can absorb paclobutrazol (Bri
tish Crop Protection Council, 1997) but when applied
as a soil drench or soil injection the vast majority
of absorption will be by the roots in the uppermost
layers of the soil profile. While application is focused
on a particular tree, any plant with their roots in the
zone of soil containing the growth regulator is likely
to absorb some of the material as well. The extent of
such absorption will be a function of root density in
the zone.
Once absorbed into the plant, paclobutrazol moves
in the xylem to growing sub-apical meristems. Dow
AgroSciences (1997) indicates paclobutrazol is not ac
cumulated in fruits or nuts, although the label has
a general use precaution against treating fruit or nut
trees that will be harvested within one year, or trees
that are or might be tapped for sap in the production
of sugar.
Early and Martin (1988,1989) reported on the distri
bution and fate of C-14 labeled paclobutrazol in peach
seedlings (roots exposed through a nutrient solution).
41% of the material absorbed by the plant was found in
the roots and 49% in the leaves. Nine days after treat
ment, the remaining radioactivity was distributed 71%
in roots, 41-68% in the stem and 8-12% in the leaves.
The concentrations were higher in the leaves but the
rate of degradation was also higher in the leaves, with
88-92% of the paclobutrazol being converted to other
forms after nine days.
Reed et al. (1989) reported on the concentration of
paclobutrazol that occurs in foliage and other plant
parts following exposure via a hydroponic solution,
a trunk paint application, or a soil drench. Table 2
shows the residue data for foliage and stem apex
tissues as a function of time after exposure for the soil
drench treatment.
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Table 3. Residue of paclobutrazol in stone fruits after soil drench applications (from FAO, 1988)

Country, year, crop

Australia, 1983-1984,
cherries, nectarines,
peaches
New Zealand, 1985-1987,
cherries

peaches
France, 1985,
peaches

Application rate
(kg ha^’ )

Time since application
(weeks)

Paclobutrazol
(mg k g - ’ )

1 -2

11-19

<0 .0 1

1 .6 , plus 0 . 2
following year
1.25 each for 2 years
5.0
0.75-1

18
18
18
23

0 .0 1

Reference

Mitchell, 1987

Hawthorne et a t, 1987

<0 .0 1
0 .0 1

.

0 0 1

- 0 .0 2

1

7-15

<0 .0 2

Culoto, 1985

UK, 1983,
cherries, plums

4

15-21

<0 .0 2

Freeman and Pay, 1985

UK, 1985,
cherries
plums

0.75

23-29

<0 .0 1

Cavell and Mak, 1986b

0.75

14-19

<0.01-0.04

Cavell and Mak, 1986b

USA, 1982,
cherries, plums,
apricots, nectarines,
peaches

4.5

The Food and Agriculture Organization (FAO) of
the United Nations, jointly with the World Flealth Or
ganization (WFIO), extensively reviewed the residue
data for paclobutrazol in connection with its use as
a tree growth regulator in certain tree fruit crops
(FAO, 1988). The patterns of use they considered in
clude a soil drench application where the rate of ap
plication is 0 .5-1.0 kg ha“ \ a rate consistent with
that used for maintenance functions in electric utility
line clearance. FAO summarized results of trials with
stone fruits in several countries (Table 3). Studies done
with radiocarbon-labeled paclobutrazol provide simi
lar data (FAO, 1988).
From these studies, we conclude that the concentra
tion likely to occur in leaves will vary from 9-35 ppm
dry weight, and about 3-11 ppm fresh weight in fo
liage. The level of paclobutrazol that might occur in
fruit that could be consumed by humans, domestic an
imals or wildlife is <0.04 ppm.
Air

When used as a tree growth regulator, paclobutrazol
is not applied as a spray, therefore the potential for
its occurrence in air in the form of droplets is nil.
The vapor pressure of paclobutrazol (1 x 10“'^ mPa)
is such that it has little tendency to evaporate under
normal environmental conditions. When it is applied
by soil injection, the opportunity for evaporation is
nearly eliminated. Due to its strong adsorption by soil,
it is not expected to vaporize from the soil. When it
is applied as a soil drench, the liquid is exposed to
the air during the period of time before it is covered,
fully absorbed by surface soil and organic matter,
or has entered the soil profile. This period is brief

8 -1 2

<0 .0 1

French and Atreya, 1983b

(a few minutes), and the surface to volume ratio of
the material is very small compared to spray droplets,
resulting in little opportunity for evaporation. As a
result of these factors, we conclude that there will be
little or no residues of paclobutrazol in the air, and we
therefore eliminate inhalation as a route of exposure.

HAZARD ANALYSIS

The most important aspect of a hazard analysis is to
identify the most sensitive measures of response of
organisms. It is a key element of the human health
risk process. Thus, while the LD 5 0 is a useful value
for some purposes, for purposes of risk assessment it
is more important to know the no-observable-effectlevel (NOEL) for acute, sub acute and chronic patterns
of exposure. This section is organized to provide this
information. The findings are summarized in Tables 4
and 5.
There is very little published research on the toxi
cology of paclobutrazol. Acute and chronic toxicology
and metabolic fate of paclobutrazol has been reviewed
in summaries prepared by ICI Americas (now Zeneca)
and provided by Dow Agro-Sciences, the current regis
trant (Smith, 1988,1989). A review of residues and toxi
cology of paclobutrazol was published by FAO/WHO
(FAO, 1988), and USEPA reviewed data necessary to
establish a reference dose for systemic toxicity (USEPA,
1997a). Except where specific sources are noted, this
discussion of the toxicology of paclobutrazol is based
on those reviews.

Risk analysis TGR
Table 4. Summary of critical toxicity values for paclobutrazol
Acute lethality
(LD50)

Oral
exposure
(mg k g - ’ )

Rat, female
Rat, male
Mouse, female
Mouse, male
Guinea pig
Rabbit, female
Rabbit, male

Dermal
exposure
(mg k g - ’ )

1300

>1000

2 0 0 0

> 1 0 0 0

100
200

3.13
4.79

490
12 00

500
840
940

>1000
>1000

Chronic effects,
NOEL*
90-day dietary
exposure, rat
6 -week dietary
exposure, dog
3-week dermal.
rabbit
2 -year, rat
2 -year, mouse
1 -year, dog

Intraperitoneal Inhalation
exposure
exposure
(mg k g - ’ )
( m g l- ’ )

Effect**
8

mg k g - ’ d a y -’

15 mg k g - ’ d a y -’
> 1 0 0 0

liver enlarged.
weight loss
increased liver
weight

mg k g - ’ d a y -’

mg k g - ’ d a y -’ ***
15 mg k g - ’ d a y -’
75 mg k g - ’ d a y -’

6 .8

fatty liver.
weight loss
fatty liver
liver cell
swelling
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propylene glycol held in place under a bandage for
24 h, removed, the skin washed, and the material
reapplied 24 h later. The cycle repeated five times
and the animals observed for an addifional nine days.
Transient slight reddening and scabbing occurred in
some animals. Rabbits are more sensitive — a single
treatment of 500 mg paclobutrazol in olive oil applied
to shaved skin under a bandage for a single 24-h
treatment caused well-defined redness. Paclobutrazol
did not cause allergic sensitization of skin of guinea
pigs, even at concentrations that resulted in slight
irritation. There was no evidence of systemic toxicity
in any of the animals.
Paclobutrazol is classified as a moderate irritant to
the eye. The eyes of all animals were normal seven
days later. Washing the eyes 30 s after treatment
markedly reduced the effects.
Inhalation toxicity

*NOEL is the no-observed effect level.
** Effect is the effect noted at the next highest level of exposure.
***This is the most sensitive NOEL, and is the value used in the risk
assessment.

While the methods of application make inhalation ex
posure unlikely, paclobutrazol can vaporize to a very
limited extent. Rats were exposed for four hours and
observed for 17 days. Females were more sensitive,
with a median lethal concentration of 3.13 mg 1“ ’ . Such
concentrations are vastly greater than can be achieved
outside the laboratory in the workplace or the environ
ment.

Table 5. Reproductive toxicity of paclobutrazol

Subchronic toxicity
Type of test animal

Developmental NOEL Maternal NOEL
(mg k g - ’ d a y -’ )
(mg k g - ’ d a y -’ )

Teratogenicity, rat*
Teratogenicity, rabbits

Two-generation
reproductive study, rat
Dominant lethal assay,
male rat

10

125
Reproductive effect
(mg k g - ’ d a y -’ )
>34
>300

40
25
Parental toxicity
(mg k g - ’ d a y -’ )
6 .8

100

* Effects probably fetotoxic rather than teratogenic.

Oral and intraperitoneal exposure

When given orally, paclobutrazol is of low acute toxic
ity to rats. The median lethal dose (LD 5 0 ) was greater
than 1000 mg k g -’ . The LD 5 0 for mice, guinea pigs and
rabbits were, respectively 490, 500, and 940 mg kg“ ’ .
When injected intraperitoneally into rats the LD 5 0 S
were lower, on the order of 1 0 0 mg kg“ ’ for females
and 200 mg k g -’ for males. The differences between
intraperitoneal and oral toxicities indicate relatively
poor absorption from the digestive tract.
Effects on the eye and skin

Paclobutrazol is a slight irritant to the skin of rats
and rabbits. The rats received a 12.5% suspension in

Paclobutrazol was fed in the diet to rats at concentra
tions of 0, 50, 250, and 1250 ppm for 90 days (equiv
alent to a dose of 1.6, 8 , and 40 mg kg“ ’ day” ’ ). At
the highest dose, weight gain and food consumption
decreased, and liver weight increased. At the inter
mediate dose, only a slight effect was seen (females
only) and was considered to be toxicologically insignif
icant. There was no evidence of pathological change
at terminal examination. The no-observed-effect level
(NOEL) was considered to be 250 ppm (about 8 mg
k g -’ d ay -’ ).
USEPA has published a reference dose for paclobufrazol of 0.013 mg kg“ ’ day” ’ , based on these data
(USEPA, 1997a). The reference dose (RfD) is the life
time daily intake that is considered to have no po
tential for harm. USEPA considers the no-effect level
to be 12.5 mg k g -’ day” ’ on the basis of default as
sumptions for food consumption of 1 ppm, equal to
0.05 mg k g -’ d ay -’ .
A similar study was conducted in dogs over a sixweek period at daily oral doses (by capsule) of 0, 15,
75, and 225 mg k g -’ day” ’ . There was no evidence of
overt toxicity and no histopathologic changes. Animals
at the higher doses were found to have dose-related
increased liver weight. The NOEL may be considered
as 15 mg k g -’ d ay -’ .
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Chronic toxicity and carcinogenicity

Evaluation of the ability of a chemical to cause cancer
is carried out with two species, usually rats and mice,
treated with the test substance over a two-year period,
which approaches the life span of these species. Cancer
studies are combined with lifetime studies of general
toxic effects through the use of a broad range of clinical
laboratory assays, which provide the most thorough
picture of adverse responses. The assays described
below indicate that paclobutrazol has no carcinogenic
potential and produces a limited spectrum of systemic
responses.
Fifty male and 50 female rats had dietary expo
sure of 0, 30, 250, and 1250 ppm (equivalent to 1.4,
6.8, and 34 mg kg^' day^’ in males, and 1.8, 8.8, and
44 mg kg^^ day“ ' in females). Treatment was continu
ous over 104 weeks. There was no evidence of carcino
genic potential at any dose rate, and only systemic ef
fects at rates greater than 6.8 mg kg“ ^ day“ ^ in males
and 8.8 mg kg^^ day“ ^ in females. The effects were
minor and this exposure level was proposed as the no
effect level.
A similar study in mice utilized groups of 51 an
imals of each sex fed diets containing paclobutrazol
concentrations of 15, 125, and 750 ppm, representing
daily doses of 3, 15, and 45 mg kg“ ' day“ \ respec
tively. There was no evidence of carcinogenic poten
tial. Systemic toxicity appeared in a comparable pat
tern to the rat and the no-effect level was established
at 125 ppm, or 15 mg kg“ ^ day~’ .
A year-long assessment of dogs given 0,15, 75, and
300 mg kg“ ’ day''allow ed more detailed study of
clinical and biochemical abnormalities that might re
sult from intoxication. Six male and six female beagles
were on study. The highest dose rate caused a decrease
in weight but general condition remained good. The
no-effect level was considered to be 75 mg kg“' d a y '';
changes at this dose rate were adaptive only.
Effects on reproduction and development

Two assays have been done in rats with dose rates
ranging from 2.5 fo 250 mg k g '' d a y '' during days 7 16 of gestation. The highest dose caused overt toxicity
and some maternal deaths. At 100 mg k g '' d a y '',
there were some minimal signs of toxicity in the first
study but none at that dose in the second study. In
both assays, there was no effect on litter size or weight
of offspring, and no evidence of loss of embryos either
before or after implanting on the wall of the uterus. The
evidence indicates that paclobutrazol is not a direct
teratogen, but is fetotoxic. The no-effect level for these
experiments was established at 10 mg k g '' d a y ''.
With rabbits (much less sensitive to the fetotoxic ef
fects) at dose rates up to 125 mg k g '* d a y '*, there was
no evidence of increased visceral or skeletal defects
other than a single cardiac anomaly even though the
highest dose caused maternal toxicity. There were also

no changes in rates of pre- or post-implantation of em
bryos, intrauterine deaths or fetal weights. The cardiac
defect occurs at low frequency in these animals with
out treatment and was probably spontaneous rather
than treatment-related.
The multi-generation reproduction assay is design
ed to respond to any injury to either males or females
that may affect fertility or ability to carry and support
offspring. It also seeks to identify changes that may
affect the ability of offspring to reproduce. The study
used 15 male and 30 female weanling rats on diets con
taining 0, 50, 250, or 1250 ppm paclobutrazol (approx
imately 1.4, 6.8, and 34 mg k g '' d ay'* in adults). The
animals were mated after 12 weeks on the diets to pro
duce a first set of litters, and re-mated later to produce
a second set of litters. The offspring were maintained
on the same diet, mated, and their offspring evaluated.
At the highest dose rate, both generations of par
ents exhibited decreased weight gain and increased fat
in the liver, which was consistent with findings in an
imals at high doses in other experiments. There was
no evidence of pathological change in reproductive or
gans at any dose, and no adverse effects on reproduc
tive parameters, even with evident systemic toxicity at
the highest intake.
Genetic toxicity and mutation

Genetic toxicity usually refers to structural damage to
DNA or chromosomes (making them nonfunctional),
and mutation is a change in DNA that can potentially
cause a cell to behave abnormally and give rise to
daughter cells with the same defect. The normal back
ground for offspring with genetic defects is above 1%;
most cannot be attributed to a specific cause. The nor
mal frequency of occurrence of cancer in humans is one
in every three to four lifetimes. The obligation of the
testing process is to avoid any additions to those bur
dens.
The Ames test and related assays utilize a series of
strains of Salmonella bacteria. The mouse lymphoma
assay is done with a specific cell line that has been
standardized in culture over many years. If the test
material causes a mutation, it enables the cells to utilize
and grow on a substance that is lethal to normal cells.
Paclobutrazol was not mutagenic in the several strains
of Salmonella or in mouse lymphoma cells.
Rats were administered paclobutrazol in single
doses of 0, 30, 150, or 300 mg k g '*, and the chromo
somes of bone marrow cells were evaluated at inter
vals up to 48 h. There was a small increase in aberra
tions 12 h after treatment with 300 mg k g '* but at no
other time. It was not considered related to treatment,
indicating that paclobutrazol does not cause chromo
somal damage at these levels of exposure. Paclobutra
zol at doses of 40, 200, and 400 mg k g '* to rats did not
induce DNA synthesis, an indication that it does not
damage DNA.
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The sum of the genetic toxicity anci mutagenicity
data lead to a conclusion that paclobutrazol is not
genetically active. These findings also support the
carcinogenicity data that indicate that paclobutrazol is
not carcinogenic.

EXPOSURE ANALYSIS
Worker exposure, typical operations

The usual dilution for soil placement is 1:12 (18.2 g 1“ ^).
Application rates range from 50 to 200 ml of diluted
formulation per 2.5 cm DBH. Trees of 25 cm diameter at
the maximum rate would require a total of 2000 ml di
lute formulation. It is estimated that each tree requires
15 min per application. In an 8-h day, a worker may be
assumed to mix and apply 64 1 of solution containing
1.2 kg active ingredient, treating 32 trees.
The nature of application indicates that exposure
and intake incidental to work will be limited almost
entirely to the mixing activity. However, direct field
studies of applicator exposure or absorbed dosage
have not been made. Measurements have been made
for mixing and loading of other pesticides, of which
work with phenoxy herbicides is most useful. A study
of skin absorption of paclobutrazol by rats over 24 h in
dicates that absorption is not rapid (1% of concentrate
and 16% of a 1:450 dilution of the concentrate). The
low rate of absorption of concentrate is consistent with
absorption factors known for herbicides, which have
been extensively studied in the field, and suggests that
excretion rates will be reasonably consistent as well.
For purposes of estimating mixer and applicator risk
associated with routine use of paclobutrazol, a daily
absorption of 0.0002 mg kg“ ^ body weight, twice the
rate suggested by the Frank et al. (1985) studies, is as
sumed.
Exposure through accidental spillage

As with any kind of pesticide, a worker may some
how accidentally spill either concentrated or dilute pa
clobutrazol on clothed or bare body surfaces. A severe
case scenario would be spillage of 0.5 1 of concentrate
directly on the worker. Most of such a volume would
drip from the subject, and most of that reaching cloth
ing would be bound to fabric and not immediately
available for absorption.
While we expect that contaminated clothing would
be removed and the skin washed, preventing absorp
tion of almost all of the spilled material, for this analy
sis we assume 100 ml (21.8 g) reaches the skin. With a
1% absorption factor, the exposure dose with the con
centrate would be 4.4 mg kg“ ^ for a 50 kg person and
for the diluted material the estimated dose would be
0.36 mg kg“ ^.
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Public exposure

Many of the exposure scenarios typical of herbicide
application do not occur in the use of paclobutrazol.
There is no spraying, which means no exposure of
workers or the public to airborne droplets, and there
will be no contact with the skin because the TGR is
buried.
Exposure via water contamination is not a signifi
cant factor because the potential for entry to water is
so low and the extent of use is limited, providing for
extensive dilution to occur if entry to water should oc
cur.
Dietary exposure is imaginable though unlikely. The
possible but unlikely routes of exposure via ingestion
are (1) ingestion of leaves or fruits from treated trees,
and (2) ingestion of soil from the back fill of an
application site.
Existing data suggests that soil concentration may
be as high as 200-400 ppm, and dissipation from the
site or microbial metabolism is slow. Ingestion of 1 g of
soil by a 15-kg child would provide a dose of 0.027 mg
kg“ \ assuming complex extraction by the gut. USEPA
assumes that 95% of children ingest less than 200 mg
of soil daily, but some individuals have been observed
to consume as much as 60 g in a day (Calabrese et al.,
1997; Calabrese, 1978), an amount that would carry a
dose of about 1.6 mg paclobutrazol k g 'b
A child might eat leaves from a treated tree out
of curiosity. We consider this to be highly unlikely
because foliage from treated trees will generally be out
of reach, and the taste of leaves is unattractive.
However, we provide the following assessment of
exposure via ingestion for the risk analysis. Assuming
a 15-kg child consumes 50 g of green leaves containing
4 ppm paclobutrazol, the exposure of the child is to
0.2 mg of paclobutrazol, or 0.013 mg kg“ b
There is a possibility that a child or adult might han
dle treated soil. There is a body of literature in which
incidental skin contact is estimated, but discussions of
handling bulk soil have not been found. We assume
contact with 10 g of soil, in the absence of better infor
mation.
A summary of the exposures used in the risk
analysis is in Table 6.

RISK ANALYSIS

A summary of the risk assessment and human health
risk margins of safety are in Table 7.
Cancer or genetic effects

Paclobutrazol does not exhibit genetic activity, and as
says for carcinogenicity show that it is highly unlikely
that it may induce cancer. The relatively rapid excre
tion of paclobutrazol with only limited change to make
it more soluble is consistent with absence of carcino
genic activity.
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Human health risk to applicators, under typical
conditions

The NOEL used is 7 mg kg“ ^day^^, based on two-year
studies in rats. The no-effect-levels in all other assays
(including reproductive assessments) were higher. For
purposes of estimating worker risk associated with
Table 6. Exposure to paclobufrazol
Expected dose to workers*
mg kg- ’ body weight
Paclobufrazol
handled

Mixing and application.
normal

(k g -‘ )

3 2 2 5 cm
trees
treated

0.000083

0 .0 0 0 2

per incident
Spill of concentrate, 0.5 1
Spill of treatment mixture
(diluted concentrate), 0.5 1

4.4
0.36

* Estimates are based on comparison with excretion of herbicides
following mixing and loading for aerial application, and therefore
represent dosage, not exposure.

Public exposure*
Amount of soil
or leaves
ingested (g)
Ingestion of soil, 15-kg child

Ingestion of leaves

1

5
60
50

Dose**
body weight
(m g k g -‘ )
0.027
0.135
1 .6

0.013

*No exposure through consumption of food and water, no surface
deposition.
** Assumes complete extraction by the gut.

routine use of paclobufrazol, we assume a daily ab
sorption of 0.0002 mg kg“^. This leads to a margin
of safety that is (7.0 mg kg~' day“ ^)(0.0002 mg kg^’
day-1 ) - i =35,000.
Human health risk to applicators, as a result of spills

A spill on the body of 0.51 of paclobufrazol concentrate
results in an exposure of 4.4 mg kg“ i. The margin of
safety is (7.0 mg k g -i day“ ')(4.4 mg kg~i day“ ')~i =
1.6, which is far below the standard of 100; however,
exposure is very brief, compared to the NOEL which
is based on lifetime exposure. For a spill of 0.5 1 of
paclobufrazol diluted for application, the margin of
safety is (7.0m g k g -i day“ i)(0.36m gkg“ i day“ ’ )“ i =
19.
We expect, however, that a competent and wellsupervised crew will follow proper procedures and
will remove contaminated clothing and wash the af
fected skin. In this case, we consider it highly unlikely
that adverse systemic effect will result although skin
irritation may occur.
Human health risk to the public

Given the method of application of paclobufrazol,
there is no likely route of exposure other than direct
contact with soil at the treatment site or possibly a
child eating leaves.
There are three scenarios for soil-mediated exposure
to paclobufrazol:
- A. An individual is assumed to retain 10 g of
soil containing 0.4 mg g~’ (400 ppm) on the skin.
Assuming intimate contact, no hand washing for 2 h
and a 1% absorption rate, the absorbed dose for a
50-kg individual would be 80 ug, or 0.0016 mg kg“^.
This leads to a margin of safety in this case that
is (7.0 mg kg“^ day“ *)(0.0016 mg k g -’ day“ ’ )“ ’ =
4375.

Table 7. Summary of risk assessmeirts and margins of safety associated with use of paclobufrazol as a tree growth regulator’
Systemic effects
Workers
Mixer and applicator
Spill of 0.5 1 concentrate
Spill of 0.5 1 diluted

(NOEL mg kg 'd a y ')(D o sem g k g 'd a y ')

(7.0 mg k g - ' d ay-')(0.0002 m g kg ^ ' d a y - ') ” '
(7.0 mg k g - ' d a y -')(4 .4 mg k g - ') “ '
(7,0 mg k g - ' day~')(0.36 m g k g - ') “ '

'

Margin of safety

35,000
1 .6

19

Public, adult: The nature of application of paclobufrazol in this use is such that exposure of adults in normal activities will be zero.
Adult handling 10 g treated soil (400 ppm)
(7.0 mg kg 'd a y ')(0.0016 mg kg ') '
4300
for 2 h, absorption 1 %/h
Public, 15-kg child
Playing in treated soil for 2 h. 30 g soil
(400 ppm), dermal absorption 2%/h
Ingests 1 g soil, absorption complete
Ingests 5 g soil, absorption complete
Ingests 60 g soil, absorption complete
Ingests 50 g green leaves

(7.0 mg k g - ' day“ ')(0.032 mg k g - ' day“ ' ) “ '

219

(7.0 mg k g - ' d ay-')(0.027 mg kg“ ' d a y - ') - '
(7.0 mg k g - ' d ay-')(0.133 mg k g - ' day” ' ) ” '
(7.0 mg k g - ' d ay -')(1.6 mg k g - ' day” ' ) ” '
(7.0 mg k g - ' d ay-')(0.013 mg k g - ' d a y - ') - '

260
52
4
538

■’Assays for carcinogenicity and mutagenicity of paclobufrazol have been negative, and metabolic changes possibly suggestive of activation
to genetic activity do not occur. A cancer risk assessment is therefore not necessary. Reproductive NOEL'S are higher than those for systemic
effects; systemic margins of safety therefore apply.
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- B. A 15-kg child playing in treated soil for two
hours per day is assumed to have 30 g of soil
containing 0.4 mg g“ ^ on the skin. Assuming the
rate of absorption is twice that of an adult, the dose
over 2 h would 12 mg x 0.04% absorbed = 0.48 mg
15 kg“ ^ = 0.032 mg kg“ ^ day“ ^ This leads to a
margin of safety of (7.0 mg kg“ ^ day“ ^)(0.032 mg
kg^^ day“ ^)“ ^= 219.
- C. Ingestion of 1 g of soil containing 400 ppm paclobutrazol will provide a dose of 0.4 mg. For a 15-kg
child, the exposure level is 0.027 mg kg^h Assum
ing all of the paclobutrazol is absorbed from the gut,
the margin of safety is (7.0 mg kg^^ day“ ^)(0.027 mg
kg“ ^ day“ ^)~^ = 259. If the ingestion level is 5 g
of soil, the margin of safety is (7.0 mg kg“^ day“ ^)
(0.135 mg kg“^ day~^)“ ^ = 5 2 . These amounts of soil
ingestion are high; it is estimated that 95% of chil
dren consume less than 200 mg of soil per day (Cal
abrese et al., 1997).
While unlikely, it is possible a child might ingest
green leaves from a treated tree. The exposure assess
ment of 0.013 mg kg“ ^ day“ ^ is based on a 15-kg child
ingesting 50 g of green leaves. In this instance, the mar
gin of safety is (7.0 mg kg“ ^ day“ ^)(0.013 mg kg^^
day-1 ) - i = 538.

FLURPRIMIDOL

Flurprimidol is a plant growth regulator. It is absorbed
by plant leaves and roots, and exhibits translocation
primarily in the xylem. It is used to decrease the rate of
growth in a wide range of plants, including deciduous
and coniferous trees. It acts by inhibiting gibberellin
biosynthesis.
F3CO

\= /

I

ENVIRONMENTAL BEHAVIOR OF FLURPRIMIDOL
Soil and ground water

In the Cutless® formulation, flurprimidol is applied as
a pellet inserted directly into the stem of the tree. As a
result, little flurprimidol should enter the soil directly.
It is possible some may enter soil through leaf- or litterfall, although this has not been quantified. Root exuda
tion or release of residues through root decomposition
seems unlikely given the primary movement of this
material upward with the water stream in the xylem.
Should flurprimidol enter the soil, it is strongly ad
sorbed by the soil, is not readily desorbed and shows
negligible leaching (British Crop Protection Council,
1997). It is somewhat persistent in soil, showing a field
dissipation half-life of 5-55 days (British Crop Protec
tion council, 1997). USEPA fact sheet shows an esti
mated soil half-life of 1.5 years in unvegetated loam,
but a half-life of only 5-21 days in turf (USEPA, 1989).
Jackson (1994) applied ^^C-labeled flurprimidol to
soil and peat in the laboratory (field application rate of
45 g ha-^). The soils were incubated at 40% moisture
holding capacity (80% for the peat) under aerobic
conditions in the dark at 20 ± 2°C, and evolved ^'^Ccarbon dioxide was quantified. ^'*C-flurprimidol was
also applied to the surface of peat soil in open pots
that were then exposed to sunlight in a glasshouse.
He reported a degradation half-life of 119 days in the
Marcham sandy loam, 138 days in the Standard 2.2
loamy sand, 157 days in the Marcham sandy clay loam,
and 187 days in the peat.
Figure 3 shows the results for loamy sand. The
others are similar. The regression equations are in
Table 8.

\= N

F lu r p r im id o l

lUPAC name: (RS)-2-methyl-l-pyrimidin-5-yl-l-(4-(trifluoromethoxyphenyl)=propan-l -ol.
Chemical Abstracts name: a-(l-methylethyl)-a-[4(trifluoromethoxy)phenyl]=5-pyrimidinemethanol.
Molecular weight: 312.3.
Melting point: 93.5-97°C.
Boiling point: 264°C.
Vapor Pressure: 4.85 x 10“^ mPa (25°C).
kow: logP = 3.34 (pH 7 ,20°C).
Solubility: water (distilled, 20°C) 114 mg C ', hexane
1260 mg 1-1, methanol 1990 g C F
Stability: <10% hydrolysis after 5 days at pH 4, 7,
and 9. Photolytically decomposes in water, half-life
4.3 h in the laboratory, with an estimated half-life in
the field of 1.8 h at 40 degrees latitude in summer and
7.5 h in winter (Saunders and Mosier, 1985).

Fig. 3. Concentration of flurprimidol in loamy sand (percent remain
ing with time).
Table 8 . Regression equations and regression coefficients for the
concentration of flurprimidol with time in different soils
Regression equation

Loamy sand
Sandy loam
Sandy clay loam
Peat

y=
Y=
y=
y=

0.0021795X-1-1.974133
0.0025278X -1-1.956868
0.0019124X - 1 2.000198
0.0016123X -1-1.884128

Regression
coefficient
=
R=
R=
R=

R

0.87
0.96
0.99
0.97
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From these findings, we conclude that little flurprimidol will enter the soil environment other than
the degree to which it is present in senescent leaves
when they fall. Any flurprimidol entering the soil by
this mechanism will exhibit only moderate persistence,
and will dissipate due to the microbial decomposition.
It is strongly adsorbed by soil and will exhibit only
very limited mobility.
Vegetation

Flurprimidol is absorbed into the woody tissues in
the area of the implant. It is transported passively
with water in the xylem moving to the growing points
of fhe stem. It does not accumulate preferentially in
fruits or nuts (Dow AgroSciences, 1996), although
the label indicates a use precaution against the use
of fhis material on trees that will be used for fruit
or nut harvesting for food or feed, or trees that are
or might be tapped for sugar. Plants do not readily
metabolize Flurprimidol, so it is likely to persist in
the tissues to which it moves for an exfended period
of time. Flowever, the concentration in this tissue
will decrease over time due to growth dilution (the
increasing volume of fhe fissue due to growth).
Sterrett and Tworkoski (1987) used C-14 labeled
flurprimidol to determine the fate of the chemical in
one-year old apple seedlings. Thirty-five days affer
injecfion, 10% had moved into the new shoots, 1.5%
into the scion phloem and 80% remained near the
site of injection. There was little metabolism of the
material, with unmetabolized flurprimidol accounting
for 95% of the material in xylem, 8 6 % in phloem
and 75% in the shoots. Using data they report for
leaf weight from anofher experimenf and adjusfing
for plant age, we calculate that the concentration of
flurprimidol in leaves to be 24 mg kg“ ’ .
Relying on the same data and an application rate of
22 g tree“ * (25 cm diameter sycamore tree, sycamore
is a group-two species, requiring the higher rate of
application for effectiveness), we calculate 2 g would
be contained in all of the foliage and shoots of the tree.
For purposes of fhis analysis, we assume 100 kg of
foliage and stems in a tree this size or, alternatively,
that all of the flurprimidol that has translocated to
the crown is concentrated in the foliage or fruifs
of this total weight. Based on this, we estimate the
concentration of flurprimidol in fhis material would be
approximately 24 ppm.
Vandervoort et al. (1997) studied the fate of flur
primidol in composted turf grass residues and found
little decline in the residue level in the first 128 days.
There was no flurprimidol detected one year after ap
plication.
Based on these findings, we conclude that the con
centration of flurprimidol in plant material might be
24 ppm. Additionally, we conclude that residue lev
els of flurprimidol in leaf litfer from treated trees will

decrease only slowly with time, and will likely be in
corporated into the soil with the decomposing organic
matter of the leaves. Once in the soil, it is expected to
exhibit the patterns of persisfence and mobility previ
ously described for soil behavior.
Air

In the Cutless® formulation, flurprimidol is applied as
a pellef inserted directly into the stem of the tree. This
method of applicafion nearly eliminates any exposure
of the chemical to the air. This, combined with its low
vapor pressure (4.85 x 10“^ mPa), will nearly eliminate
any possibility of evaporation to air. As a result of
these factors, we conclude that there will be little or
no residue of flurprimidol in the air, and we therefore
eliminate inhalation as a route of exposure.

HAZARD ANALYSIS

The informafion in this section is from animal toxicol
ogy studies prepared by the original registrant, a re
view by USEPA scientists in the Integrated Risk In
formation System (IRIS) last revised in 1990, and the
USEPA Pesticide Fact Sheet for flurprimidol, dated
1989. It is relevant to the human health risk assessment
process. The scientific literature does not include pub
lished research on the toxicology of flurprimidol.
Systemic toxicology

The acute median lethal oral dose (LD 5 0 ) for the rat is
709 mg kg~^ in females and 914 mg kg~^ in males.
In mice, fhe male is slighfly more sensitive; the LD 50
is 602 mg k g '’ in males and 702 mg kg“ ’ in females.
The infraperitoneal LD 5 0 S are 489 and 390 mg kg~’ for
male and female rafs, and 352 and 364 mg kg“ ’ for
male and female mice, respectively (Kehr, 1982).
There were no systemic effects and little local in
flammation caused by a single 500 mg k g '’ dermal
application of flurprimidol. Abrading the skin of the
treatment area prior to application enhanced potential
effects (Pierson, 1982). There was no evidence of sys
temic toxicity over the two weeks of posf-treatment observafion, and dermal irritation was limited to a slight
reddening of the skin in one animal.
Flurprimidol does not cause allergic sensitization
in guinea pigs. To sensitize the animals, they were
treated on the skin three times weekly for two weeks
with 50 mg crystalline flurprimidol. The material was
held under a bandage for 6 h at each application. Ten
days later, flurprimidol was applied as a challenge to a
different area; there was no indication of sensitization
or irritation (Brown, 1986). A similar evaluation at an
applied dose of 400 mg also produced no evidence of
sensitizafion (Berdasco, 1992).
Flurprimidol was applied to the skin of rabbits at
rates of 0,500, and 1 0 0 0 mg k g '’ d a y '' on five animals
per group per sex. Treafment was repeated, apparently
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daily, for 21 days. No systemic effects were observed
at any application rate; the NOEL for systemic effects
was considered to be greater than 1000 mg kg“ ^day“ ^.
Slight transient irritation was evident at both treatment
levels; a NOEL for skin irritation was not established
(USEPA, 1997b).
Application of 0.1 ml of undiluted flurprimidol
(64 mg) to one eye of each of a similar group of rab
bits caused corneal dullness and slight conjunctivitis,
which cleared in 3 days (Pierson, 1982).
Subchronic toxicity

A three-month feeding study of rats indicated a NOEL
of 1.68 mg kg“^ day“ ^ in females and 1.98 mg kg“ ^
day“ ^ for males. There were significant increases in
the activity of a liver enzyme at 6.04 and 7.13 mg
kg“ ^ day“ ^ in females and males, respectively, with
hypertrophy of liver cells at higher dose rates. There
was evidence of increased ovarian weight and elevated
white blood cell coimts at the higher treatment levels.
All effects were reversible (Kehr, 1982). In a 90-day
mouse assay, dose rates were 0, 15, 67.5, and 300 mg
kg“ ^ day“ ^ The NOEL was 15 mg kg“ ^ day“ ^ Higher
doses caused induction of liver enzymes, increased
liver weight and cellular hypertrophy.
In a three-month study with the dog, dose rates of
0.5, 1.5, and 30 mg kg“ ^ day“ ^ were used to mea
sure the ability of the adrenal cortex to produce its
hormones. At the highest dose rate, the cortisol lev
els in the plasma of treated animals were significantly
decreased. In some of the animals the adrenal cortex
was atrophied. There was no effect at the two low
est doses. The effect occurred in the first few days of
treatment and did not progress with further treatment,
which indicates that non-effective doses would proba
bly not cause changes with the longer exposures (Kehr,
1986).
Reproduction and development

The multigenerational reproduction assay is designed
to respond to any injury to either males or females that
may directly or indirectly affect fertility or ability to
carry and support offspring. It also identifies changes
that may affect the ability of offspring to reproduce.
Assays of this kind also provide sensitive non-specific
indications of cumulative non-reproductive effects.
Hoyt (1986) placed 25 male and 25 female weanling
rats on diets containing 0, 25, 100, and 1000 ppm
flurprimidol (0, 1.8, 7.3, and 74 mg kg^^ day~^) for
70 days until they were of breeding age. The same
diets were maintained through production of 2 1, and
offspring from the first set of litters were placed on the
same diets at weaning through mating and production
of 2 1, which were evaluated.
Mating performance and fertility were not affected
at the two lower doses (1.8 and 7.3 mg kg^^ day~^);
the reproductive NOEL was therefore 7.3 mg kg“ ^
day” ^. The latter dose rate did produce some evidence
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of parental toxicity, however. The NOEL for parental
toxicity was 1.8 mg kg“ ^ day“ b The highest dose rate
resulted in substantial effect, both on reproduction and
general toxicity.
In rabbits, at dose rates of 0, 1.7, 9, and 45 mg
kg“ ^ day-^ through the period of organogenesis, there
was no teratogenic effect. At the highest dose rate,
maternal body weight and food intake were decreased;
the NOEL for maternal toxicity was 9 mg kg~^ day“ ^
(Hagopian, 1985). Dose rates in the rat teratology study
were higher: 2.5, 10, 45, and 200 mg kg“ ' day~^.
Maternal toxicity was evident at 45 mg kg“ ^ day“ ^ in
the form of decreased body weight and food intake.
There was no maternal effect at the two lower dose
rates and developmental effects were also absent at the
two lower rates (Byrd, 1985).
Genetic toxicity and mutation

Flurprimidol has shown no evidence of genetic tox
icity in a variety of assays. An extensive bacterial
mutagenicity-testing scheme produced no effect at
concentrations up to 1000 ug ml“ ^, at which level cellu
lar toxicity became evident. There was no evidence of
increased DNA repair activity in cultured liver cells at
a concentration of 100 nmole ml~^. An mtraperitoneal
dose of 300 mg kg“ ^ IP was negative in the Chinese
hamster bone marrow sister chromatid exchange assay
(Kehr, 1982; Thompson, 1982; USEPA, 1989).
Chronic toxicity and carcinogenicity studies

Assays have been conducted over two year periods
with rats and mice, which approaches the life span
of these animals. The studies show no oncogenic
potential.
In the two-year rat study, the males received 0,1.0,
3.6, 12.1, and 41.2 mg kg“ ^ day“ ^; the dose rate for
females was 0, 1.2, 4.4, 14.5 and 49.3 mg kg^^ day“ ^.
The NOEL was 3.6 mg kg~^ day“ ^, or 90 ppm in the
diet. Effects seen at higher dose rates were primarily
in the liver, with enzyme induction, accumulation of
fat and eosinophils (a type of white blood cell) and
foci of altered cell structure. At the highest dose rate,
cholesterol and serum triglycerides were increased in
both sexes. The dose rates in mice were 0,1.4,10.5, and
79.9 mg kg“ ^ day“ ^. The NOEL for systemic toxicity
was 1.4 mg kg“ ^ day~^. Higher dose rates caused
increased liver weight in males.

EXPOSURE ANALYSIS

Properly used, the implants containing flurprimidol
(Cutless® tablets) are placed in the boreholes in the
tree trunk where they dissolve in a short time, and
absorption into the transpiration stream of the tree
takes place. Removal of an implanted tablet after
placement is difficult because of the rapid dissolution
of the implant. In other words, if a small child were
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to peel away the material covering the implant site,
the material in the borehole would be very difficult to
access or handle. Exposure would probably be limited
to any residue that could be absorbed or licked from
the fingers. If the implants remain in place, exposure
may be expected to be essentially zero for all worker
or public groups.
Exposure potential is limited to (1) the possibility
that a person or animal might ingest a tablet, (2) care
less handling by a worker with moistening, crumbling
of the tablet and possible absorption across the skin,
and (3) ingestion of foliage from a treated tree.
Worker exposure

As a dry solid, the Cutless® tablets can be handled
with negligible transfer to skin of workers, who should
wear gloves in any case. Flurprimidol is slightly water
soluble (~130 mg 1“ ^; 130 ppm); surface wetting of
the tablets would mobilize only a small amount of
the material. The tendency of the tablets to crumble
when moistened could cause the material to distribute
on bare hands, which would increase the available
surface area. Although skin absorption of flurprimidol
is quite limited and no systemic toxicity resulted from
heavy experimental skin exposure, workers should not
handle the implants if they should become moist. It
is unlikely that a properly informed and equipped
worker would be significantly exposed on the skin. As
a general case, worker training, education and proper
equipment can adequately deal with exposure. Based
on this, we conclude that there will be no worker
exposure to flurprimidol.

risk assessment for the public is possible, using the
exposure scenarios outlined above.
Ingestion of a tablet with complete absorption
would deliver 50 mg k g "' to a 20 kg child. This is
many times the NOEL of 1.68 mg k g "' d a y "', estab
lished for a 90 day oral exposure. This results in a mar
gin of safety of 0.03, much less than one and far from
the accepted margin of safety of 100. If a single tablet
is accessible, many are likely to be, and the dose and
risk increases with multiple ingestion. This level of hu
man health risk is preventable, and calls for mitigation
measures that prevent access of the general public to
the Cutless® tablets.
A moistened, crumbling tablet distributed over the
surface of the bare hand is unlikely without deliberate
intent. However, the 1% estimated absorption would
deliver 10 mg of flurprimidol, or a dose of 0.2 mg
k g "' to a 50-kg person. A more likely dose is based on
delivery of 1 mg of flurprimidol, or a dose of 0.02 mg
k g "' to a 50 kg person. The margins of safety for these
two scenarios are: (1.68 mg kg"')(0.2 mg k g " ') " ' = 8.4
and (1.68 mg kg"')(0.02 mg k g " ') " ' = 84.
Adopting the hypothetical scenario for exposure of
a child through ingestion of leaves, the risk assessment
shows a level of exposure of 0.08 mg k g "' day” ',
contrasted with a NOEL of 1.68 mg k g "' d a y "'. This
leads to a human health risk margin of safefy (1.68 mg
kg"')(0.08 mg k g " ') " ' = 21.

DOMESTIC ANIMAL AND WILDLIFE RISK ASSESSMENT
FOR PACLOBUTRAZOL AND FLURPRIMIDOL

Public exposure

The most likely exposure of the public would result
from the ingestion of a Cutless® tablet by a child. Ex
posure of an adult by this route is virtually nil. A 1 g
tablet ingested by a 20-kg child represents a total dose
of 50 mg kg“ \ assuming complete absorption. Distri
bution of an entire moistened tablet on the skin seems
highly unlikely, but if it did occur and absorption of
1% of the content of the tablet occurred, a 50-kg per
son would thereby acquire 10 mg of flurprimidol. As a
practical matter, if a tablet were to be crushed against
the skin, most of the material would fall away. Absorp
tion is not likely to be more than 1 mg of flurprimi
dol.
To estimate exposure from ingestion of leaves from
treated trees, we used data from Sterrett and Tworkoski
(1987). We calculate the concentration of flurprimidol
in leaves might be 24 mg kg“^. Assuming a 15-kg child
were to ingest 50 g of green leaves, the exposure would
be 1.2 mg for the child, or 0.08 mg k g " '.

RISK ANALYSIS

We conclude that there is no human health risk to
workers because there is no exposure. Human health

The risk assessment for domestic animals and wildlife
follows the same form as the risk assessment for
humans. The hazard analysis provides the following
toxicity values:

Mammals: rat,
or mouse LD=;o
Bird: acute oral
LDsy mallard
or quail
Fish: LC 5 0 96 h
rainbow
Aquatic invertebrate:
Daphnia LC 5 0 (48 h)
Bee: acute oral NOEL

Paclobutrazol

Flurprimidol

490 mg kg^'

709 mg k g " '

7900 mg k g " '

> 2 0 0 0

mg kg“ *

27.8 mg 1 "'

18.3 mg 1"'

33.2 m g l" l

1 1 .8

0 .0 0 2

mg bee^'

0 .1

mg 1 " '

mg b e e "'

Analysis of exposure potential shows it is limited to
consumption of foliage or fruits from trees treated with
flurprimidol and paclobutrazol, with the additional
route of exposure for paclobutrazol involving contact
with treated soil or the external portions of the stem of
the tree when the soil drench method of application is
used. There is no exposure of aquatic species.
Comparison of the exposure levels with the critical
toxicity values for all of the classes of organisms

Risk analysis TGR

identified above shows adequate margins of safety.
Example values include:
Margin of safety
Mammals: oral exposure
Bird: oral exposure
Earthworms: environmental
exposure

Paclobutrazol

Flurprimidol

44.5
144
5

29
208
42

From this analysis, we conclude there will be no
adverse effects on domestic animals or wildlife as
a result of the use of paclobutrazol or flurprimidol
when used according to label directions as provided
for Profile® 2SC or Cutless® tree growth regulator
products.

MANAGEMENT AND MITIGATION TO MINIMIZE RISK TO
ENVIRONMENT, HUMANS, AND WILDLIFE

There are so few risks with the use of the Profile®
2SC or Cutless® tree growth regulator products that
few unique management or mitigation steps would
be helpful in reducing risk, assuming applications are
done in accordance with the label and state regula
tions.
The primary concern about environmental effects
from the use of paclobutrazol relates to contamination
of ground water. Normal patterns of use will not result
in ground water contamination. Special care should
be used in planning applications of paclobutrazol to
prevent entry to wells located within the drip-line of
trees to be treated. This will prevent misapplication
into a well, or rapid translocation of soil-applied
material through air pockets in soil along the side of a
well casing. Applications of paclobutrazol should also
be avoided where (a) soils are heavily compacted such
that soil-applied material might not penetrate the soil
and be washed in surface runoff into surface water,
(b) there is evidence of a very high water table (such
as seeps, springs or areas that qualify as wetlands), or
(c) in areas with very sandy soils.
The human health risk assessment for workers
and the general public shows that there are adequate
margins of safety involved with the use of Profile® 2SC
and Cutless® tree growth regulator products if care is
taken in handling. Risk to workers can be reduced by
adhering to the standards of good practice outlined on
the label. We conclude that the best approach to risk
management is prevention of exposure.
For the general public, the key is to minimize
or prevent contact with the commercial products.
Covering soil-drench areas or areas where soil-injected
material has been forced to the surface with fresh
soil will minimize exposure of the public to Profile®
2SC. Sealing the injection holes where Cutless® tablets
have been implanted will prevent access by children.
Careful security of the Cutless® tablets at all times is
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necessary to prevent ingestion of one or more tablets
by a child. While ingestion of leaves is possible, we
believe this avenue of exposure can also be mitigated
through a program of notification.
There are no special mitigation or management
techniques required for protection of domestic animals
or wildlife.
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Groundline Decay Prevention
without Toxic Materials
Chad Roper, Fred Pfaender, and John Goodman

Amendment of the soil adjacent to a utility pole or similar buried wood with a time-released
carbohydrate source slows decay dramatically, without the environmental and safety hazards
associated with the introduction of toxins. Consumption of the readily degradable carbohydrate
source accelerates the depletion of oxygen from the soil during saturated conditions. Because
decay occurs in anaerobic conditions at l/5 th to 1/lOth the rate of aerobic conditions, increases
in the length of time the soil around a pole is anaerobic produce decreases in the overall
rate of degradation. The addition of a simple carbohydrate source also alters the microbial
community around the pole to one, which favors bacteria over wood decay fungi. Bacteria are
incapable of degrading lignin and are competing with wood decay fungi for mineral and organic
nutrients in the soil. Data on oxygen depletion in soil and water systems is presented to support
these mechanisms. In accelerated laboratory decay studies, carbohydrate amendment allowed
southern yellow pine test strips to have no loss of strength in the same time period that strips
without amendment decayed completely (280 days). In the field, application of a time-released
carbohydrate source slowed the rate of decay for southern yellow pine stubs (as measured by
Pilodyn) to roughly 1 /3 of their un-amended counterparts.
Keywords: Carbohydrate, groundline, decay, wood

INTRODUCTION

Biological degradation of wood in the environment is
mediated by three major groups of organisms (Brock
and Madigan, 1991). Filamentous fungi use their hyphae and extra-cellular enzymes to penetrate and de
grade the wood structure. Bacteria of many genera
have the ability to utilize the cellulose and hemicellulose components of wood, generally using the
material to support their growth and reproduction.
Finally, wood boring insects and insect larvae also par
ticipate in wood biodegradation.
Wood consists of interlocked layers of cellulose and
lignin. The rigidity and structural integrity of wood
depends on maintaining the lignin backbone and sup
porting cellulose materials. Bacteria are probably the
most important in cellulose degradation, while fungi.
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particularly the Basidiomycetes are the most impor
tant for lignin degradation. As each layer of lignin is
compromised, more cellulose becomes available (Krik
and Highley, 1973). Thus, it is the action of wood de
cay fimgi in concert with bacteria which allows for the
degradation of wood in nature.
Generally, the organisms responsible for degrading
the structure of wood are obligate aerobes, that is,
they require oxygen for their metabolism. Ground line
decay in utility poles is an example of the convergence
of oxygen, fungi, and bacteria causing accelerated
wood decay. A model of this process was given by the
authors in an earlier publication (Pfaender et al., 1996).
For decades, humankind has looked for ways to
treat wood that slow wood decay processes. Current
technology has been based almost entirely on treat
ing the wood with materials toxic to the bacteria,
fungi, and insects. While this strategy has been quite
effective if done properly, it has led to potential envi
ronmental problems at each pole, and major hazardous
waste problems at sites where wood is treated. In ad
dition to inhibiting microorganisms and insects, most
of the chemicals also are toxins or carcinogens for
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humans and other animals. All of the major wood
treating materials currently used (i.e., creosote, pentachlorophenol, and CCA) represent potential human
and environmental health hazards. Currently EPA lists
over 3000 present and former wood treating opera
tions as hazardous waste sites (www.EPA.gov, 2000).
The clean up of these sites represents a major liability
for the wood treating industry and railroads, as well as
society in general.
If we start with the premise that decay is inevitable,
then our goal is to delay the onset or slow the progress
of the decomposition process. One common require
ment for wood decay is oxygen and another is water.
In contrast to their cooperation in the degradation
of wood, bacteria, and fungi are in competition for
oxygen and other resources (mineral and organic nu
trients, water) in the area adjacent to the surface of the
wood.
Competition for available resources is a fundamen
tal tenet of biology and is visible on all levels of life.
This competition can be used to control the activity
of wood decay organisms. When a readily bioavailable carbohydrate source can be added adjacent to the
pole's surface, the limiting factor in the degradation of
the carbohydrate source will, in fact, be another lim
ited resource for which bacteria compete with fungi,
namely oxygen. Competition for oxygen creates condi
tions, which are described as anaerobic (defined as ex
tremely depleted oxygen). Anaerobic conditions cause
a rapid dominance of bacteria and subsequent, slower
rise of anaerobic bacteria (Swindoll et al., 1988). Bacte
ria are also favored over the wood decay fungi in this
system because the bacteria are more readily adapt
able, are able to consume the carbohydrate source and
grow at a faster rate than the wood decay fungi.
Microbially mediated processes are many times
slower in the absence of oxygen (Brock and Madigan,
1991). The amount of energy available to an aerobe is
approximately 19 times greater than can be extracted
by anaerobes from the same food materials. This will
be especially true of wood decay organisms because
of the unique nature of wood and its constituents.
Since it is a complex polymer, cellulose, like almost all
polymers, is slowly degraded anaerobically (Zeikus,
1981). Eurther, there are no known pathways for the
anaerobic biodegradation of lignin (Colberg, 1988).
A detailed review of anaerobic degradation of lignin
suggests it may be biochemically possible, but is very
rare in nature (Kirk and Highley, 1973).
The anaerobic community induced by the addition
of carbohydrate should be either greatly slowed or
completely prevented from degrading the wood. In the
presence of mineral sulfates, the anaerobic community
formed is likely to be one of sulfate reducers. The
reduction of the sulfate should also produce hydrogen
sulfide (H 2 S). H2 S is known to inhibit insect activity
and repel larger animals.

This report presents evidence that carbohydrate
amendment accelerates the formation of anaerobic
conditions in water saturated systems. It will also
show that carbohydrate amendment preserves the
break strength of test stakes in accelerated laboratory
studies and that time-released carbohydrate amend
ment slows the softening of full-size, untreated, south
ern yellow pine stubs in field studies near Charlotte,
North Carolina. The product that has resulted from
this research is currently being tested independently
in a laboratory at Oregon State University.

METHODS
Laboratory tests: Oxygen depletion

Rates of oxygen depletion in an aqueous solution
caused by the addition of soil alone and soil with car
bohydrate amendments were determined. An aqueous
system was used due to the limitations of the instru
ment used, a membrane-based dissolved oxygen (DO)
probe (YSI Biological Oxygen Monitor). Oxygen de
pletion caused by the addition of 1 g of soil with and
without 0.1 g/carbohydrate source to 10 ml deionized
water was measured over time. This apparatus was
interfaced with a PC and the data logged until the dis
solved oxygen reached 0 mg/1.
Laboratory tests: Test stakes

Laboratory testing was performed on model stakes
(0.5 inch x 0.5 inch x 10 inch, southern yellow pine).
Model stakes chosen for the study were free from
visible defect (knots, cracks, etc.) as per the clear
timber testing standards described by ASTM (1954).
Evaluation of the wood decay process is based on
visual observation of the poles after incubation (as
recorded in photographs) and the ASTM procedure for
testing the Static Bending Strength of wood. As per this
method, all test-poles were weighed, dried in a 55°C
oven for 12 h and re-weighed. When constant weight
was reached, the model poles were placed on the test
apparatus, which was built as a scaled down version
of the apparatus described by ASTM for the 'static
bending' of small, clear, timber specimens (D143-52).
The bearing block was scaled down and the distance
between the bearing plates was reduced to 4 inches.
Because of this width, each 10-inch test-pole could
be sampled twice, once at the ground line and once
well above the ground line (the clean end of the testpole). The ASTM method, which uses 2 inch width
sections of wood has been scaled down for the model
pole size used. The method was further modified in
that rather than comparing sections of wood of equal
distance from the pith, the modified method compares
sections of wood to themselves by testing two sections
along the same grain. These modifications serve to
apply the method to our particular case rather than
alter the parameter tested. In each test, the maximum
pressure exerted by the bearing block was recorded as
the breaking pressure.
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Field testing

During the summer of 1996, we began a field test at
Lake Wiley near Charlotte, NC. This plan involved the
introduction of sixteen (16) 5 foot long, full (8-12")
diameter, untreated southern yellow pine utility pole
timbers into the earth. These tests used the prototype
RS21 (US Patent #5,770,265) treatment material. In
1998, a second round of testing was initiated. This
time 24 timbers were used, improving the statistical
significance of this test and also allowing sets of
timbers under each treatment protocol to be left alone
until the end of fhe sfudy to determine the impact of
sampling on the experimental results.
To avoid the cost of breaking full size utility pole
sections and to allow for repeated testing of the same
pole over time, the field test at Lake Wiley has relied
on a Pilodyn 6J’'’'' penetrometer method for evaluat
ing wood decay. The Pilodyn’'^^ penetrometer fires a
pin into the pole surface with a uniform, constant force
(6 joules) and then measures the depth of penetration.
At the time of planting, baseline data for the penetra
bility of the timbers was obtained.
Beginning in 1998, Dr. Jeff Morrell at Oregon State
University initiated a field trial of the effectiveness
of RS21. The study was conducted in the same man
ner as described above except that Pilodyn readings
were taken at multiple locations above and below the
ground line. Also, plugs were collected for the identi
fication of fungi colonizing the surface of the wood.
Fungal identifications

Cultivating and identifying fungi from a wood surface
is a difficult technique that combines microscopy with
the enrichment of selected organisms on growth me
dia. By examining a wood plug under the microscope,
fungal hyphae are selected for enrichment and subse
quent identification. Fungi are identified most conclu
sively by the sporophore they produce when grown
on laboratory media (Brock and Madigan, 1991). After
the selected hyphae are inoculated on the laboratory
media, they are allowed to grow until a sporophore
is formed. The shape and appearance (morphology)
of this sporophore allow for the identification of the
fungi. The numbers of decay and non-decay fungi are
then counted and the counts reported.

Fig. 1. Oxygen depletion in aqueous system.

Tim e (days)

Fig. 2. Lab study of 0.5" test strips.

their oxygen. In nature it is difficult to deplete the oxy
gen in the soil around a pole continually due to its
contact with the atmosphere. However in conditions
where the soil is moist or saturated with water, the
presence of the simple carbohydrate source causes the
oxygen to be depleted much more rapidly, and there
fore extends the length of time the soil around the
pole will be anaerobic. As was previously mentioned,
anaerobic conditions mean slower degradation, bacte
rial domination of resources, and possibly the elimina
tion of lignin degradation. The impact of these changes
was observed in the laboratory and field efficacy tests.
Laboratory results: Test stakes

RESULTS
Laboratory results: Oxygen depletion studies

The amendment of soil with a carbohydrate source
should accelerate the depletion of oxygen due to in
creased respiration by soil microorganisms. In Fig. 1,
the addition of 0.1 g of a simple carbohydrate source
caused the rate of oxygen consumption to increase
nearly 8 fold. Amended samples were depleted of oxy
gen in an average of three hours while samples that
were not amended took an average of 24 h to deplete

The results from the laboratory studies using model
test stakes are given in Fig. 2. As can be seen, the pe
riodic addition of a simple carbohydrate source to the
stakes alters the rate at which they lose break strength.
Without carbohydrate amendment, the stakes began to
lose their strength very rapidly (around 180 days) and
had lost all of their strength after about a year and a
half. Carbohydrate amended stakes had no significant
loss in strength for 270 days and retained an average of
75% of their initial break strength when the study was
concluded after 18 months.
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Fig. 3. Field study of time-release carbon source amendment.

To determine if this effect could be replicated in the
field, it was necessary to modify the method of carbo
hydrate amendment. In the field, the direct addition
of the carbohydrate source would be ineffective due to
carbohydrate dilution in wet conditions. To overcome
this limitation, a time-release mechanism was devised
by which the carbohydrate is released whenever bio
logical activity (and therefore the likelihood of decay)
in the area is high. This technology, as well as the use of
carbohydrate amendment to preserve wood in contact
with soil have been patented by Triangle Laboratories
(Durham, NC) and the University of North Carolina at
Chapel Hill (US Patents #5,770,265 and #6,004,572).
Field results

The results of the field test of the time-release carbohy
drate source amendment are given in Fig. 3. Pilodyn’’''^
penetration increases with increasing decay and was
used as a measure of wood softening for this study.
Treatment material was added after decay had be
gun in order to simulate likely re-treatment conditions.
Prior to June of 1997, the rate of decay was nearly
identical in all stubs. Following the addition of the
time release carbohydrate source, the rates of decay
diverged significantly. Control samples (without car
bohydrate source amendment) showed a 65% increase
in Pilodyn^'^’ penetration from July of 1997 to March
of 1999. During the same time period, stubs with timerelease carbohydrate sources added to the soil around
them had an increase of penetration of only 20%. Ex
trapolated, this indicates a three-fold life extension
caused by the addition of the time-release carbohy
drate source assuming that the density of the outer
wood is directly proportional to its overall strength.
External testing

RS21 is also under concurrent testing in the laboratory
of Dr. Jeff Morrell at Oregon State University. In 1998,
Dr. Morrell's research group established a stand of test
stubs and initiated an annual sampling plan. Sampling
consisted of Pilodyn measurements above and below
the ground line and the collection of wood plugs for
the cultivation and identification of fungi on the wood

Fig. 4. Number of isolations of decay fungi from pole stubs with and
without RS21.
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Fig. 5. Pilodyn penetration at 1 year.

surface. Results given are from the sampling, which
occurred in the summer of 1999 (Figs. 4 and 5).
Fungal cultures
Although these results come from only one year of
testing, the numbers of decay fungi cultivated from the
pole's surface were generally lower in the presence of
RS21 (Fig. 4). At a level 3" below the ground line, there
were more decay fungi present with RS21 than with
the untreated controls, but at all other depths below
ground line, there were at least 20% more decay fungi
culturable from the controls than were cultured from
the poles which had RS21.
Pilodyn testing
The Pilodyn testing performed by Dr. Morrell's group
was also conducted at multiple depths and closely
mirrors the results of the fungal identifications (Fig. 5).
At the ground line and just below, poles with RS21
are roughly equal in surface penetration to untreated
poles. As the depth increases however, the advantage
of the poles treated with RS21 begins to show. For
comparison purposes, the Pilodyn measurement was
taken 5-7" (12.5-17.5 cm) below groundline in the tests
conducted at Lake Wiley. At 15 cm, the surface of the
poles treated with RS21 retained approximately 10%
greater resistance to penetration than the control.
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DISCUSSION

The results of this research indicate that carbohydrate
amendment will accelerate the depletion of oxygen
under water saturated soil conditions. The depletion
of oxygen is believed to cause three distinct effects
that lead to the preservation of wood: (1) formation
of anaerobic conditions under which all biodegradative processes occur more slowly, (2) alteration of the
soil microbial community to one which is predomi
nated by bacteria (which cannot degrade lignin), and
(3) reduction of added sulfate to sulfide (which is
known to inhibit insects). Carbohydrate amendment is
demonstrated to preserve the break strength of wood
test stakes in laboratory studies, and the addition of
a time-released carbohydrate source slows the soft
ening of untreated southern yellow pine stubs in a
field study. Although the external testing is still in its
early stages, the preliminary results seem to be in good
correlation with the results from our trials. The ad
ditional information regarding the numbers of decay
fungi present supports the presumed mode of action
for carbohydrate amendment. Time-released carbohy
drate amendment represents an alternative to using
toxic methods of groundline decay prevention.
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A Performance Measurement Framework for
Pipeline Water Crossing Construction
S. Reid, A. Jalbert, S. Metikosh, and M. Bender

A lack of standardized construction monitoring data has limited the ability of the pipeline
industry and regulators to evaluate the effectiveness of different water crossing methods in
avoiding, or minimizing sediment related effects on stream and river ecosystems. This limitation
needs to be addressed as some crossing techniques are selected based on the assumption
that effectiveness varies among crossing techniques. In this paper, we present a retrospective
approach developed by TransCanada Pipelines Limited to evaluate completed water crossings.
The information collected within the Performance Measurement Framework (PMF) is used to
evaluate the effectiveness of the construction design, associated Best Management Practices
(BMPs) and other mitigation measures for individual crossings, and to develop a database of
water crossing information. The database will allow for defensible judgements to be made on
the effectiveness of given water crossing techniques and associated BMPs to limit potential
negative effects on fish and fish habitat. The framework, its informahon requirements, a Microsoft
Access™ database capable of storing and querying past water crossing informahon and the role
of the framework within the lifecycle of pipeline water crossing construction are discussed.
K e y iv o r d s ' .

P ip elin e con stru ch o n , stream s riv ers sed im en t, d atabase, p lanning

INTRODUCTION

Pipeline water crossing construction has the potential
to cause temporary adverse effects on stream and river
ecosystems (Reid and Anderson, 1999). Generally, ad
verse effects can be avoided, or minimized through
the selection of appropriate crossing methods, limit
ing the duration of instream work, and using Best
Management Practices (BMPs). For the most part, the
pipeline industry has been diligent in ensuring that
these measures are incorporated in the design and
construction of water crossings. However, there have
been few attempts made to evaluate the effectiveness
of a given crossing technique or to make compar
isons among crossing methods. Additionally, members
of the pipeline construction industry (TERA, 1996;
Wolverton and Gray, 1996) have questioned the net en-

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserv'ed.

vironmental benefits of isolated crossing techniques.
This deficiency is important to address as some cross
ing techniques: (1) are applied under the assumption
that they will mitigate against environmental damage;
and (2) have greater construction complexities, risks,
cost, and durations of instream activity.
A performance measurement framework (PMF or
framework) was developed by TransCanada PipeLines
Limited (TransCanada) to determine the effectiveness
of different crossing construction methods, associated
BMPs and other mitigation measures. It is aimed at ad
dressing the fundamental questions: "How well did
we do?"; "Was the crossing technique appropriate?";
and, "How can we do better?" The framework in
cludes a standardized approach for the collection and
evaluation of water crossing construction monitoring
information. The following paper will describe the
framework, outline its information requirements, dis
cuss its application to the planning of watercourse
crossing construction, and present a database devel
oped to compile and query historical water crossing
information.
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PIPELINE WATER CROSSING CONSTRUCTION
PERFORMANCE MEASUREMENT FRAMEWORK

The primary goal of the framework is to provide a
standardized approach to assess completed pipeline
water crossings. Information collected during con
struction is used to evaluate the effectiveness of the
construction design, associated BMPs and other mit
igation measures for an individual crossing, and, to
develop a database of historical water crossing infor
mation. In order to achieve this goal, the framework
has three main components: (1) a standard protocol for
the collection of consfruction monitoring information;
(2) performance based posf-construction evaluations
of constructed water crossings; and (3) a Microsoft
Access™ database to compile and query historical wa
ter crossing information.
The primary measurement of performance is the
magnitude and duration of increases in downstream
suspended sediment concentrations during crossing
construction: the lower the amount and duration, the
higher the performance. This is based on the following
assumptions: (1) sediment generated during water
crossing construction (Table 1) is the primary vector
through which adverse environmental effects occur
(Goodchild and Metikosh, 1994; Reid and Anderson,
1999); and (2) crossings releasing the smallest amount
of sediment over the shortest period of time have the
least effect.
At this point, the framework is limited to opencut (wet) and isolated (dry) crossing methods (e.g.,
dam and pump, or flumed). This is due to the limited
applicability of the parameters used to measure per
formance to trenchless water crossings (e.g., bored or
Table 1. Examples of sediment inputs during pipeline water
crossings
Timing

Source

Preparation

equipment bridge installation
fording of watercourse by equipment
bank and/or bed contouring"’
installation of trench isolation structures
(e.g., sandbag darn)"’
installation of flow diversion structures (flume)
or equipment (pumps)'’

Installation

trench excavation
scour of bed material by diverted flow’
trench scour during pipe-laying
trench backfilling
overflow of retenfion ponds/sumps'’
erosion from ROW

Post-installation

removal of flow diversion structures (flumes)
or equipmenf’
removal of equipment bridges
bank and bed restoration
erosion from ROW

■’Applicable to isolated or partial diversion methods only.

horizontal directionally drilled). However, as trench
less methods are often applied to environmentally
sensitive water crossings and drilling mud releases or
crossing failures do occur, an alternative (less intensive
and more construction focused) PMF should be devel
oped for trenchless crossings.

INFORMATION REQUIREMENTS

Past reviews of construction techniques and associ
ated monitoring studies have used a wide variety of
study designs, different monitoring parameters and
have lacked physical watercourse and detailed con
struction information. This has made comparisons
between crossing techniques and evaluation of perfor
mance difficulf. Therefore, it is of paramount impor
tance that the information is collected using consistent
and scientifically defensible methods. Standard field
data collection sheets and a sediment load monitor
ing protocol were developed for the PMF to provide
a consistent method of collecting and recording wa
ter crossing data. Four general information categories
are used in the framework to evaluate crossing perfor
mance (Table 2): watercourse attributes; water crossing
design; construction specific observations and impres
sions; and environmental monitoring results (sediment
and biological effects). It is also important to identify
key internal and external contacts for the project to fa
cilitate post-construction discussions.
Past pipeline water crossing reviews have been
limited by a lack of case-studies with consistently
recorded watercourse information. Physical and bio
logical characteristics of the watercourse are important
as they: (1) influence the sensitivity of fhe aquatic biota
and habitat to suspended sediment and sediment de
position; (2) influence the level of sediment generation,
transport and dilution during instream construction;
and (3) define the suitability of available crossing tech
niques and mitigation, and the risk of failure.
Water crossing design information identifies the
pathways (activities and equipment) through which
sediment is released into the watercourse during con
struction. It also forms the basis for comparisons with
other water crossings. All undertakings implemented,
equipment, and materials used during construction to
minimize or avoid the release of sediment into the
watercourse, must be identified and recorded (e.g.,
crossing technique, sediment and erosion control, and
reclamation measures). Observations and impressions
by on-site staff or consultants regarding the success
of the crossing from a construction standpoint are
essential for linking performance measurement indica
tors to components of the installation that did, or did
not perform satisfactorily. Each of these examples of
such observations, or impressions include whether the
number of pumps used during a dam and pump cross
ing were of sufficient capacity, whether the construc
tion contractor was experienced with a given isolated
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Table 2. Examples of information to be collected during the construction of water crossings and applied to the performance measurement
framework
Watercourse description

Crossing design

Legal land location
Watercourse type
Fish community
Ambient suspended sediment
concentrations
Water depth
Watercourse width

Trench dimensions
Spoil storage

Water velocity

Crossing length

Discharge
Streambed gradient

Pipe diameter
Blasting

Surficial streambed material
Groundwater flow
Approach slopes

Burial depth
Flume capacity
Isolation materials, or structures
Backfill material
Number and capacity of pumps
Upland erosion control

Start and completion dates
Crossing method
Type of equipment bridge
Equipment used

crossing technique, or if unseasonable warm temper
atures occurred during winter pipeline construction.
Such situations can lengthen the duration of instream
activity, or result in the failure of instream structures
(e.g., aquadams). It is critical that a detailed record
of construction related information (crossing design
and time-referenced logbook) is kept so that sediment
monitoring data can be cross-referenced to construc
tion activities. Failing to identify such crossing-specific
observations or impressions limits opportunities to
learn from past crossings.
Environmental monitoring data provide the mea
surements used to evaluate the performance of an
individual water crossing or to compare it with past
water crossings. Past monitoring studies of pipeline
water crossing construction have identified the follow
ing effects downstream of water crossings (Reid and
Anderson, 1999): (1) increases in suspended sediment
concentrations and sediment deposition rates for the
duration of construction; (2) temporary (<2 years)
changes in streambed composition; (3) temporary
(<2 years) reductions in the biomass and species di
versity of benthic invertebrate communities; (4) tem
porary (<2 years) reductions in fish abundance; and
(5) direct mortality or internal damage of fish due to
instream blasting. Within the PMF, the primary perfor
mance measurements are suspended sediment concen
tration and duration of instream activity. The inclusion
of additional performance measures may be appro
priate for crossings of highly sensitive watercourses
and/or during sensitive time periods (e.g., just after
spawning).
The names and contact numbers of all involved par
ties (TransCanada, regulators, consultants, contractors)
are recorded in order to facilitate the identification and
discussion of issues with individuals familiar with,
and/or responsible for a specific crossing during wa
ter crossing evaluations.

Construction monitoring

Environmental monitoring

Completion timing
Pre-construction data not collected
Contractor experience
Performance of materials
and structures
Equipment performance
Difficult construction conditions

Suspended sediment concentration
Sediment deposition rate
Streambed embeddedness
Charmel morphology

Difficult BMPs or construction
practices
Permit compliance
Regulatory feedback

Benthic invertebrate biomass
Benthic invertebrate species
diversity
Fish density
Fish species diversity
Fish egg survival and
alevin emergence
Habitat use and selection
Fish health indicators

PERFORMANCE EVALUATION OF INDIVIDUAL WATER
CROSSINGS AND CROSSING METHODS

The goal of post-construction performance evaluations
of individual crossings is to identify conditions or
components of crossing construction that did, or did
not minimize sediment generation. Although not all
pipeline crossings can be success stories, difficulties
encountered during water crossing construction need
not be repeated. Key findings and recommendations
can be identified and future water crossing site selec
tion, design and construction can be improved based
on a defensible performance measurement. Fig. 1 pro
vides a perspective regarding how the PMF fits into
the planning lifecycle for pipeline water crossing con
struction. These evaluations are based on information
collected during construction monitoring and discus
sions between TransCanada staff, their consultants
and construction contractors, regulators and other key
stakeholders. Specifically, evaluations link measured
suspended sediment concentrations to activities and
factors such as:
1. Construction related activities (e.g., flume installa
tion, or how the trench was back-filled);
2. The performance of structures, or materials (e.g.,
material used to build berms);
3. The abilities/experience of the contractor;
4. Environmental conditions (e.g., rained for 5 out of
the 6 days instream); and,
5. Watercourse specific conditions (e.g., high groundwater flows).
Such evaluations require the review of all the infor
mation components collected for the water crossing.
For comparisons of different phases of construction,
time weighted averages should be calculated from sus
pended sediment monitoring data. Fig. 2 illustrates

S.

700

R eid , A . Ja lb e r t , S . M e t ik a s h , a n d M . B e n d e r

Water Crossing Planning and
Design

Water Crossing Construction

Crossing design based on:
• geotechnical and hydrological
construction constraints
- regulatory concerns
- fish and fish habitat
• construction timing
• key learnings from past water
crossings
- cost

1. Application of proven mitigation to
minimize sediment release
2. Implement key learnings from past
water crossings
3. Sediment load monitoring
4. Detailed construction log
5. Inspection to ensure proper
application of mitigation measures
by contractor

Post-Construction

Post-construction follow-up
meeting with NGT staff and
contractors to:
1. evaluate performance of crossing
specific construction components
based on sediment load and other
monitoring information; and,
2. compare sediment loading from
crossing with past crossings.

i

t
Development of key learnings and
improved construction practices

Further communication with NGT
staff, regulatory agencies and
contractors

Fig. 1. Application of the performance measurement framework in the life-cycle of pipeline water crossing construction.

struction of pipeline water crossings. Table 3 outlines
examples of key learnings from these past water cross
ings and how subsequent water crossing planning,
contracting, and construction practices were changed
based on these learnings.

Environmental
Monitoring Data

Watercourse
Description

Construction
Monitoring
Information

i i

Water Crossing
Design

-C>

Predicted or Measured Biological Effect to
Fish and Fish Habitat

identification of Substrate or Flow
Conditions that Limited or
Enhanced Sediment Release
Identification of Environmental
Conditions that Limited or
Enhanced Sediment Release

Identification of Crossing Design
Characteristics that Limited or
Enhanced Sediment Release
Identification of Permit Conditions
that Limited or Enhanced Sediment
Release
Identification of Other Construction
Related Activities that Limited or
Enhanced Sediment Release

Fig. 2. Framework for performance measurement of individual
pipeline water crossings. Shading of pathway arrows indicates
which information categories (on the left side of the figure) are
integrated to drive different crossing performance measures or key
learnings (on the right side of the figure).

how the collected information could be applied to eval
uate individual water crossings.
Over the past 20 years, TransCanada has collected
construction monitoring information during the con

EVALUATING CROSSING METHODS AND THE
PERFORMANCE MEASUREMENT DATABASE

While evaluations of individual crossings will help
improve the design and construction of individual
crossing techniques, comparisons between crossing
techniques are necessary to ultimately improve cross
ing design and route selection. The strength of these
comparisons will be dependent on a sufficiently sized
database of water crossings across watercourse types
and crossing techniques and the collection of data in
a standardized manner. The next step in the develop
ment and refinement of the performance measurement
framework is its application across a wide variety (ge
ographically and technically) of watercourse crossings.
Once a database of past water crossings has been com
piled, the following sets of performance comparisons
are made:
- Between watercourses of similar flow characteris
tics and bed material: (1) different water crossing
methods (e.g., open-cut vs. flumed); and (2) differ
ent approaches to the same construction component
(e.g., aquadam vs. sandbag dam).
- Between different water crossings using the same
crossing method: (1) different flow conditions and,
or bed material; and (2) different construction timing
(e.g., summer vs. winter).

701

A performance measurement framework
Table 3. Key learnings from past water crossings in Alberta and improved construction practices
Method

Watercourses

Key learnings from monitoring data

Open-cut

Smoky River
WUdhay River
Brazeau River
Little Smoky River

Lowering of the bucket into the water before
emptying reduces sediment loading during
backfilling
Using clean backfill can minimize sediment
levels
Poor planning can prolong the duration of
sediment loading
Drilling of blasting holes and blasting causes
only minor increases in downstream sediment
levels

Where the sensitivity of the habitat is a con
cern and certain stream conditions exist (e.g.,
high flow), the backhoe bucket is lowered into
the water before emptying backfill material
Reduce the time instream by ensuring all
equipment is on-site prior to construction
The number of contingency plan options is re
stricted and properly communicated to avoid
confusion during construction

Dam and pump

James River
Brewster Cr
Deep Valley Cr
Dogpound Cr

Very effective method for meandering water
courses or where terrain is uneven and diffi
cult for flume installation
Steel plate dams are very effective at isolating
the crossing area
Removal of the upstream dam first followed
by pumping out turbid water in crossing areas
is very effective at reducing sediment loading
during dam removal
Isolation dams constructed with clean washed
gravel are only temporarily effective
Pumping trench water into dry side channels
does not allow for sufficient settling before
water re-enters the channel
Meter bags do not work well to get a seal
Bentonite sock works well to get a seal but can
break

Dam and pump method has become a more
common practice and is often the preferred
method of certain contractors
As a standard practice, the upstream dam is
removed first and the turbid water that was
within the isolation is pumped into a sump
or vegetated area prior to removing the lower
dam
Sumps are constructed prior to instream con
struction to ensure they are in place when and
if required

Superflume

Berland River
Simonette River

The superflume in association with aquadams
is an effective method for crossing sensitive
medium sized watercourses
Lengthy construction periods should be
avoided, as sumps may be unable to contain
the high volumes of pumped ditch water

A contingency plan is developed for all cross
ings to deal with changes in site conditions, or
if the original method is not feasible
Contingency plans (including construction of
sumps) are now incorporated into the contract
for all crossings
Depth of cover is verified prior to pulling pipe
to ensure it is adequate and to minimize time
in-stream

The development and maintenance of such a data
set requires an increased management effort. A Mi
crosoft Access^^ styled database was developed to
assist in the compilation, administration, and interpre
tation of collected water crossing information. In addi
tion to assisting TransCanada staff in identifying the
linkages between potential sources of sediment gen
eration and measured increases, and identifying com
mon features of crossing methods, the database will
help to preserve water crossing construction knowl
edge. Figs. 3 and 4 are examples of input and output
screens within the database.

DISCUSSION

Continuous improvement of pipeline water crossing
construction is a key component of the environmen
tal protection of rivers and streams. As a part of the
life-cycle approach that TransCanada applies to its

Improved construction practices

management of pipeline water crossing construction
(Fig. 1), the PMF facilitates continuous improvements
to TransCanada's pipeline construction practices. Key
learnings identified after construction by project staff
and other involved parties from construction monitor
ing information are an integral part to these improve
ments. Considering the variety of expertise applied
during the planning and construction of pipeline water
crossings, the successful identification of key learn
ings and future application requires the involvement
of construction design engineers, environmental in
spectors, construction contractors, fisheries biologists,
and environmental planners.
By preserving key learnings and construction mon
itoring information, the PMF database can assist con
struction and environmental planners in the future to
identify crossing methods and mitigation that will be
effective at avoiding or minimizing adverse effects. As
with most databases and decision support tools, the
usefulness of output from the PMF database to con-
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Water Crossing Construction Performance
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Fig, 3. Data input screen, TransCanada water crossing construction performance database.

S Charts : Form

Water Crossing Construction Performance
Database
Dosshg Method
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u
TransCanada

“3

Maximum TSS
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Fig. 4. Data output screen displaying results of TSS — discharge query for Open-cut pipeline water crossings.

struction planning is restricted by the data input or
stored. A small data set of water crossing monitoring
information will restrict the scope of questions that can
be answered and limit the defensibility of the answers.
Once a database of sufficient size and geographic cov
erage is developed, defensible queries regarding the
relative effectiveness of different crossing methods to
minimize sediment related effects can be undertaken.
The PMF and associated database presents an oppor
tunity for industry to work together to improve BMPs,
to resolve issues identified by regulators and key stake

holders, and to clarify misconceptions related to water
crossing construction.
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investigating the effects of sediment on fish and fish
habitat in stream and river systems and developing
related assessment and planning tools.
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E ffects of P ip elin e R ig h ts-o f-W ay on
Fish H ab itat at Tw o A lb e rta S tream C ro ssin g s

Christine M. Brown, Richard D. Revei, and John R. Post

A field study was conducted to investigate the physical and biological effects of pipeline
watercourse crossings on fish habitat, in two streams in southwestern Alberta. The effects of the
crossing were assessed using selected variables that are standard measures of fish habitat quality:
water temperature, flow rates, water depth, substrate composition, benthic macroinvertebrates,
and fish cover. The effects of the crossing include a substantial reduction in available fish cover,
a reduction in the diversity of cover types, and the lack of specific cover types, such as deep
pools and undercut banks; an alteration in the substrate composition in the right-of-way and the
subsequent loss of structural heterogeneity in the physical habitat; channelization of the stream;
and an alteration in the community structure of benthic macroinvertebrates. These findings will
be of particular interest to individuals responsible for the assessment or regulation of pipeline
crossings under legislation such as the Canada Fisheries Act, which requires a determination
whether a river crossing will cause "Harmful Alteration, Disruption or Destruction of fish
habitat" (HADD).
Keywords: Pipeline crossing, watercourse crossing, right-of-way (ROW), brook trout, brown trout,
fish habitat, fish cover. Fisheries Act, Harmful Alteration, Disruption or Destruction of fish habitat
(HADD)

INTRODUCTION

The construction of watercourse crossings in Alberta is
widespread. Although the regulatory agencies do not
specifically track the number of watercourse crossings
constructed each year, approximately 700-900 crossing
applications are received in a given year, the majority
of which are pipeline crossing applications, many
containing multiple crossings. Despite their frequency
and the potential for in-stream and riparian activities
to effect fish habitat, there has been very little research
on such effects to date, apart from studies on the effects
of sedimentation which have been well documented.
The issues associated with pipeline crossings are
relatively complex, involving regulatory requirements
and guidelines, corporate goals and policies, and eco
logical considerations. From a regulatory perspective.

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

both the federal and provincial governments are re
sponsible for protecting and managing Canada's water
resources. One of the most powerful pieces of legis
lation in water resource management is the Federal
Fisheries Act, as it contains a significant provision for
fish habitat protection. As established by Section 35(1)
of the Act, it is an offence for any person to "carry
on any work or undertaking that results in the harm
ful alteration, disruption or destruction of fish habitat"
(HADD).

OBJECTIVES

The objective of this study was to evaluate the effects
of the removal of riparian vegetation associated with
the construction of the watercourse crossing, and the
effects of the in-stream construction techniques on the
physical and biological quality of fish habitat at two
streams in Southwestern Alberta. The findings were
then used to develop recommendations for improve
ments in current practices.
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DESCRIPTION OF STREAM STUDY SITES

Two streams were investigated: Prairie Creek (south
fork) and Alford Creek. Both streams are located in
the District of Clearwater and are tributaries to the
Clearwater River (Fig. 1). Both creeks are located in
the Boreal Cordilleran ecoregions, the dominant veg

etation being aspen, balsam poplar, lodgepole pine,
white and black spruce (Strong, 1992). Annual precip
itation is approximately 450-550 mm, most of which
falls in the summer (Strong, 1992). The watercourses in
the vicinity support a number of fish species including
brown trout {Salmo tnitta) eastern brook trout {Salveniiis fontinalis), rocky mountain whitefish (Prosopium
willimnsoni), northern pike (Esox Indus), and white
perch {Etheostomn exile) (Alberta Recreation, Parks, and
Wildlife, 1976).

A lberta.

METHODS

Fig. 1. Map of the stream study sites, and their locations relative to
Calgary.

Three reaches in each stream were selected for investi
gation: the section of the stream crossed by the pipeline
right-of-way (ROW) and sections located 100 m up
stream and downstream of the ROW. The upstream
reach was unaffected by the watercourse crossing or
any other observable anthropogenic disturbance and
was used as the control site, representing the natural
physical and ecological conditions of the stream. The
ROW had undergone a specific type of alteration, the
effects of which should manifest as physical or bi
ological differences relative to the control site. The
downstream reach was used to evaluate the down
stream effects of the watercourse crossing and the
linear extent and nature of those effects. The reaches
were sampled using a standard transect design (Fig. 2).
Each reach contained three transects. Transects in the
ROW were located at evenly spaced intervals within
that reach. In the reaches upstream and downstream
of the ROW, one transect was located immediately
adjacent to the ROW and the other transects were lo
cated at intervals of 50 m. Sampling for the following
parameters was conducted at evenly spaced intervals
within each transect and were chosen because they
are widely accepted as being among the most impor
tant components of habitat quality (Platts et al., 1983):

d ire c tio n o f flo w

Reach 1
Control Site

Reach 2

Reach 3

Pipeline ROW

Downstream

s

s'

.l\

^

__

I

__
1

Legend
Stream Channel
k

W

W

W

X X

Transect
Transect Number
Pipeline ROW &
removal of riparian
vegetation

Fig. 2. Schematic representation of the stream study sites, illustrating the sampling design.
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stream width, depth and discharge; stream water tem
perature; substrate composition; benthic macroinver
tebrates; and fish cover. The data were analyzed using
SYSTAT (DOS version) (Wilkinson, 1990). Analyses of
variance (ANOVA) were used to test the differences
among means. If the differences were significant. Least
Square Difference (LSD) hypothesis tests were used to
establish which means were different. For the analy
sis of two or more dependent variables, multivariate
analyses of variance (MANOVA) were used. As a sig
nificant difference for a MANOVA does not indicate
the relative importance of the dependant variables,
univariate statistics were also calculated, as were LSD
tests. The probability level used to reject or accept the
hypothesis for all analyses was p = 0.05. The data were
assessed for compliance with the assumptions asso
ciated with each test and outliers were treated on a
individual basis.
The wetted width of the stream was measured using
a calibrated surveyor's tape. Depth was measured us
ing a metre stick and stream flow measurements were
taken using either a Teledyne Guriy current meter or
a Teledyne Pygmy Guriy current meter depending on
stream depth. Data collected from the three sampling
periods were pooled for the analysis of stream width
and depth to allow for a more powerful statistical
analysis of the results. Discharge was calculated ac
cording to the following formula (Johnston and Slaney,
1996):
discharge (m^/s) =

- D ■V ■W^,

where Rm is a bottom roughness adjustment factor
(^0.75), D is a mean depth, V is a water velocity
and Ww is a mean wetted width. Water temperature
was measured directly using Hobo® Temp thermo
graphs (Onset Computer Corporation). Each transect
contained one thermograph which was placed at ap
proximately the same depth and in equitable water
flows at each location. Hourly measurements of the
water temperature were obtained for both streams;
from July 11 to September 18, 1997 for Prairie Creek,
and from August 1 to October 2,1997 for Alford Creek.
Five substrate samples were taken in each transect
at equally spaced intervals across the stream chan
nel. Samples were obtained by digging into the stream
bottom using a shovel to a depth of approximately
10 cm. The samples were then sorted into the follow
ing particle-size categories using a wet-sieve method
(Brower et al., 1990; Johnston and Slaney, 1996; Mac
Donald et al., 1992): pebbles and cobbles (>31.5 mm);
coarse gravels (16-31.5 mm); medium gravels (9.516 mmk fine gravels (2-9.5 mm); silts and sands
(<2 mm); and detritus. After the substrate was sorted
the samples were dried to 150°C and weighed to the
nearest tenth of a gram. Substrate composition weights
were converted to percent of total sample weight that
passed through each sieve (Scrivener and Brownlee,
1982). The habitat diversity of the reaches was also
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analyzed using the Shannon-Wiener Diversity Index,
a standard index for assessing the structural diversity
within a habitat (Brower et al., 1990).
Quantitative benthic macroinvertebrate samples
were collected twice from each stream in mid and
late summer (July 28-31 and August 22-24 for Prairie
Creek, August 6-8 and September 5-7 for Alford
Creek). Sampling for macroinvertebrates was con
ducted using a Neil cylinder sampler at Prairie Creek
(0.1 m^, 210 pm) and a modified Surber sampler at
Alford Creek (0.1 m^) to a depth of approximately
10 cm. The equipment differences reflect the difference
in depth at each stream and the subsequent selection of
the most appropriate technique. Sampling was timed
to ensure equal sampling effort. Identification of the
taxa was made to family level using standard keys
(Clifford, 1991; Edmunds et al., 1976; Jewett, 1959; Mer
ritt and Cummins, 1996). In the laboratory, the samples
were rinsed through a 250 pm sieve and sorted in a
75% ethanol solution. Samples with large amounts of
detritus were split into extra coarse (>4 mm), coarse
(1-4 mm) and fine (<1 mm) fractions. The extra coarse
and coarse fractions were sorted and enumerated as
above and the fine fraction was subsampled as de
scribed by Wrona, Culp, and Davies (1982) for the
purposes of subsampling chironomid larvae (Chironomidae) and mayfly larvae (Baetidae) where appropri
ate. The remainder of the sample was processed to
enumerate all other taxa. Quality control measures
were taken to ensure that the processing and identi
fication procedures were consistently thorough for all
samples.
Elements of fish cover were also estimated during
the field season. Cover was defined as "a structural
element in the wetted channel... that serves to visually
isolate fish and/or to provide suitable microhabitats
where fish can hide, rest or feed" (Johnston and
Slaney, 1996). The percentage of the total surface area
in the transects that was covered by each of the
following cover types was estimated (modified from
Johnston and Slaney, 1996): large woody debris (LWD),
small woody debris (SWD), boulders, undercut banks,
deep pools, overhanging vegetation, and in-stream
vegetation.

RESULTS

The wetted width and depth of the stream were
significantly different between the three reaches in
each stream (P = 0.01 for Prairie Creek, and P <
0.05 for Alford Creek) (Table 1). Stream discharge
was not significantly different for Prairie Creek, but
was significantly different for Alford Creek (P < 0.05)
(Table 1). For Prairie Creek, the mean wetted width
decreased significantly downstream of the ROW and
the ROW was significantly shallower than the other
reaches. For Alford Creek the ROW was significantly
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Table 1. Mean wetted width, depth, and discharge, with standard error, of the three reaches in Prairie and Alford Creek, and the results of
the statistical analysis
Sample size
in )

Mean wetted width
(m)

MANOVA/
pairwise tests

Mean stream depth
(cm)

Prairie Creek
Reach 1
Reach 2
Reach 3

9
9
9

14.2 ±1.08
12.7 ±0.35
10.7 ±0.32

P = 0.001

49.4 ± 1 .9 4
34.6 ± 3.38
55.8 ± 7.47

Alford Creek
Reach 1
Reach 2
Reach 3

9
9
9

4.7 ±0.24
3.6± 0.17
4.2 ±0.33

R3 < R j ^ R 2

P <

0.05

Rz <

Ri

P rairie Creek T em perature A na lysis

4

5

6

7

Time (weeks from 07/11/97)

A lfo rd Creek Tem perature A na lysis

3

4

5

6

7

Time (weeks from 08/01/97)

Fig. 3. Average weekly maximum temperatures at Prairie Creek and
Alford Creek during the sampling period.

narrower that the first reach and had significantly
higher discharge.
As shown in Fig. 3 there was very little difference in
stream water temperature among the reaches in Prairie
Creek. Although the repeated measures ANOVA re
sulted in no statistically significant difference, the
mean weekly maximum temperatures were consis
tently higher between the third and control reach by a
very small amount (less than 1°C) and the daily max
imum temperature in the seventh transect was higher
than any of the other transects in either the control or
ROW twelve times out of seventy by an average of ap
proximately 0.4°C. The daily maximum temperatures
in the eighth transect were higher than that recorded
in the ROW approximately 11% of the time. The high
est temperature recorded during the field season was
19°C in the ROW and it was 0.8°C higher than the
temperatures recorded in other transects. Stream water
temperature among the reaches differed much more
in Alford Creek, in which the stream temperature de

18.0 ± 3.97
24.6 ± 1 .9 0
26.0 ± 2.84

MANOVA/
pairwise tests

0.001

P =
Rz <

R] a: R3

P <

0.05

NS

Mean discharge
(m^/s)

ANOVA/
pairwise test

2.12 ±0.41
1.47 ± 0 .1 2
1.52 ± 0 .1 2

NS

0.08 ± 0 .0 2
0.18 ± 0 .0 3
0.13 ± 0 .0 2

P <
R2

0.05
>

R-i

creased downstream of the first reach consistently for
all weeks during the entire sampling period. There
was a statistically significant difference in temperature
among the reaches for Alford Creek for the first six
weeks the thermographs were in place while the last
three weeks showed no significant difference in tem
perature.
With respect to substrate. Prairie Creek had an
abundance of cobbles in all three reaches. Differences
among the reaches included a 10% increase in the
amount of silts and sands downstream of the ROW,
a 6% increase in the amount of coarse gravels in the
ROW and a decrease in the amount of detritus in
the ROW and downstream of the ROW by 30% and
44%, respectively (Fig. 4). In Alford Creek the substrate
composition in the ROW was quite different from
the first and third reaches. The primary differences
included a 30% increase in the proportion of cobbles
in the ROW and a 25% decrease in the proportion
of silts and sands. The proportion of silts and sands
increased by 10% in the third reach relative to the
control. The amount of detritus decreased in the ROW
by 10%. Using the Shannon-Wiener Diversity Index
the structural diversity of each reach was assessed, for
each sampling period (Table 2). The habitat diversity in
the ROW at Prairie Creek was approximately equal to
that in the first and third reaches. At Alford Creek the
ROW scored consistently lower than the control reach
by a moderate amount.
Prairie Creek and Alford Creek had similar re
sponses to the pipeline ROW with respect to macroin
vertebrate abundance and community structure. First,
the average number of individuals per sample in
creased considerably in the ROW, such that it con
tained the largest number of macroinvertebrates (Ta
ble 3). This difference was statistically significant in
Prairie Creek (P < 0.05), but not in Alford Creek (P >
0.05) (Tables 3 and 4). Although the average number
of invertebrates decreased in the third reach, macroin
vertebrates were still considerably more abundant in
the third reach relative to the control. A number of
families of invertebrates were more abundant in the
ROW than in the control, including mayfly larvae (Or
der Ephemeroptera; Families Baetidae, Epehemerellidae, Leptophlebiidae, and Fleptageniidae), stonefly
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Prairie Creek: Substrate Composition
Alford Creek: Substrate Composition

■ silts/sands
■ silts/sands

Hfine gravels
□ medium gravels

■ fine gravels

□ coarse gravels

□ medium gravels

0 cobbles

□ coarse gravels
0 cobbles

Detritus

Detritus

Fig. 4. Comparison of the substrate composition and amount of detritus in each reach at Prairie Creek and Alford Creek. For each reach, n = 45
(5 samples * 3 transects * 3 sampling periods).

Table 2. Shannon-W iener Diversity Index scores for the three
reaches at Prairie Creek and Alford Creek
Stream

Reach

Sampling time

SW-DI

1
1
1
2
2
2
3
3
3

1
2
3
1
2
3
1
2
3

0.59
0.48
0.58
0.56
0.51
0.65
0.52
0.48
0.59

1
1
1
2
2
2
3
3
3

1
2
3
1
2
3
1
2
3

0.70
0.70
0.69
0.51
0.59
0.64
0.60
0.63
0.59

Prairie Creek

Alford Creek

larvae (Order Plecoptera; Families Perlidae, Perlodidae, Nemouridae, and Chloroperlidae), caddisfly lar
vae (Order Trichoptera; Family Brachycentridae), and
midgefly larvae (Order Diptera; Family Chironomidae). This difference was statistically significant for
Ephemeroptera Leptophlebiidae and E. Heptageniidae
at Prairie Creek, and E. Baetidae and E. Ephemerellidae at Alford Creek. The increase in the caddisfly

larvae Trichoptera Brachycentridae in the ROW was
highly statistically significant at Alford Creek (P <
0.01), and there were significantly more midgefly lar
vae (Diptera Chironimidae) in the ROW at Prairie
Creek, although both streams contained considerably
more midgefly larvae in the second reach. The total
number of families in each reach was higher in the
ROW than in the control for both streams.
The individual streams also had distinct results.
First, the mean number of invertebrates per sam
ple was much higher at Prairie Creek than Alford
Creek. Within Prairie Creek, the increase in the num
ber of worms (Order Oligochaeta; Family Naididae)
in the second and third reach was highly significant
(P < 0.001). There were also statistically significant
increases in the number of mites (Order Arachnidia; Family Hydrachnidia), crane fly larvae (Diptera
Tipulidae), and a caddisfly larvae (Trichoptera Hydroptilidae) in the second reach. At Alford Creek, the
number of blackfly larvae (Diptera Simuliidae) was
significantly higher in the ROW whereas blackflies
were completely absent in the control reach. The num
ber of EPT taxa [Ephemeroptera (mayflies), Plecopfera
(stoneflies), and Trichoptera (caddisflies)] was signif
icantly lower in the control than the second or third
reach.
With respect to fish cover, there were a number of
trends evident in both streams. The ROW had the least
amount of cover available to fish, averaging 46% less
cover in Prairie Creek and 54% less cover in Alford
Creek relative to the control reach (Fig. 5). The primary
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Table 3. Mean density (no./O.l m^) and standard error of dominant taxa, and total density of all taxa in each of the three study sections in
Prairie Creek.
Order

Family

Prairie Creek
Reach 1

Oligochaeta

Arachnida
Crustacea
Ephemeroptera

Plecoptera

Trichoptera

Diptera

Coleoptera

Reach 2

Reach 3

MANOVA

Pairwise tests

***

Ri < (R t % R i,)

Naididae
Lumbriculidae
Nematoda
Hydrachnidia
Ostracods
Baetidae
Ephemerellidae
Siphlonuridae
Leptophlebiidae
Heptageniidae
Perlidae
Perlodidae
Nemouridae
Chloroperlidae
Brachycentridae
Rhyacophilidae
Hydroptilidae
Simuliidae
Chironomidae
Psychodidae
Tipulidae
Elmidae
Dytiscidae

3.7 ± 1 .4
3.3 ± 2 .2
1 .0 ± 0 . 2
4 1.8± 7.0
1.8 ± 0 .9
17.7 ± 3 .3
27.5 ± 5 .8
1.7 ± 0 .7
2.3 ± 0 .4
0 .7 ± 0 .5
1.0± 0.5
1 .8 ± 1 . 2
2 .8 ± 1 . 8
3.0 ± 1 .4
8.2 ± 6 .3
0 .2 ± 0 .1
4.3 ± 3 .7
2.5 ± 0 .6
288.0 ±52.5
2 .2 ± 1 . 0
2 0 .0 ± 6 .2
26.2 ± 1 2 . 0
0.5 ± 0 .2

58.8 ± 14.7
4.2 ± 1 .3
3.71 ± 1.1
124.8 ± 18.0
2 .0 ± 1 . 2
83.5 ± 39.6
87.8 ± 2 9 .7
0 .0 ± 0 .0
8 .2 ± 1 . 6
5 .3 ± 1 .7
3.3±1.1
14.5 ± 7 .5
5 .5 ± 2 .7
7.7±2.1
15.7±6.3
3.8 ± 1 .7
23.8 ± 7 .3
8.0 ± 1 .9
805.3 ±147.8
2.5 ± 0 .3
50.2 ± 5 .9
56.8 ±17.1
0.7 ± 0 .3

102.7±51.8
3 .2 ± 2 .0
4 .8 ± 1 .8
59.2 ± 20.3
2.8 ± 1 .9
87.2±61.5
65.7 ±25.9
0.8 ± 0 .4
1.5±1.1
1.7 ± 1 .4
0.8 ± 0 .5
4.7 ± 2 .2
2 .0 ± 0 .8
3.2 ± 1 .8
12.5 ± 6 .5
1 .8 ± 1 . 2
9.2 ± 5 .5
5.7 ± 2 .9
490.0± 171.0
1.5± 0.6
40.3 ± 14.2
29.2 ± 13.4
1 .8 ± 1 . 6

No. indiv.
No. of families
EPT taxa
Chir. (%)
EPT/Chir.

464.0 ±41.4
17.3±1.1
72.3 ± 17.7
62
0.08

1379.0 ±249.1
21.7± 0.9
259.8 ±92.4
58

935.0 ±352.3
18.7±1.7
191.7± 102.0
52
0.13

0 .1 1

ns
ns
♦
ns
ns
ns
ns
♦♦
*
ns
ns
ns
ns
ns
ns
*
ns
*
ns
♦

Rj >

(Ri ^

R j)

R\ > R 2

R2 > (R i ^ R ? ,)
R i > (R ] ^ R 3 )

R]
R]
R]
Ri

<R2
< R2
< R2
< R2

R] <

R2

ns
ns
*

R| < Ri

ns
ns

ns = not significant.
♦Sig. 0.05.
**Sig. 0.01.
***S ig . 0.001.
Bold font depicts data with the outliers removed.

cover type in the ROW was in-stream vegetation,
comprising 42% of the available cover in Prairie Creek
and 81% of the cover in Alford Creek, whereas instream vegetation comprised only 15% of cover in
the control in Prairie Creek and 9% in Alford Creek.
Overhanging vegetation decreased by 20% in Prairie
Creek and by 38% in Alford Creek in the ROW relative
to the control. There were no deep pools, nor any
undercut banks in the ROW of either stream, although
these cover types were present in varying amounts in
the other reaches. The ROW at Alford Creek had more
boulders, which were absent elsewhere. In Prairie
Creek, the ROW also had more boulders. There was
less woody debris overall in the ROW of both streams.
The amount of woody debris decreased in the ROW
by 14% in Prairie Creek and by 41% in Alford Creek,
most of which represented large woody debris. Within
Prairie Creek there were specific observable trends.
The control reach was the only reach to have some
representation of all of the cover types selected for
consideration. Deep pools were an important cover
type in the first and third reaches of Prairie Creek,

although they were absent in the ROW. Within Alford
Creek specific trends were also apparent. In-stream
vegetation accounted for less than 20% of the available
cover in the control reach and over 60% in the second
and third reaches. There were no boulders or deep
pools in the control reach, although it had a larger
amount of undercut banks than either of the other two
reaches.

DISCUSSION

The results of this study show that a number of physi
cal and biological attributes of fish habitat were altered
in the ROW relative to the control reach, to varying de
grees in both of the streams under investigation. With
respect to the physical attributes of fish habitat, there
is evidence that the structural complexity of the stream
has been reduced in the ROW. Stream width decreased
significantly downstream of the control reach, while
depth was almost homogeneous across the channel,
providing evidence of channelization. The substrate
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Table 4. Mean density (no./O.l m^) and standard error of dominant taxa, and mean density of all taxa in each of the three study sections in
Alford Creek
Order

Oligochaeta
Pelecypoda
Arachnida
Crustacea
Ephemeroptera

Plecoptera

Trichoptera
Diptera

Coleoptera

Family

Alford Creek
Reach 1

Reach 2

Reach 3

MANOVA

Naididae
Sphaeriidae
Hydrachnidia
Ostracods
Baetidae
Ephemerellidae
Leptophlebiidae
Perlidae
Perlodidae
Nemouridae
Brachycentridae
Simuliidae
Chironomidae
Psychodidae
Tipulidae
Elmidae

27.3 ±13.8
184.8 ± 62.7
2.0 ± 0 .9
1.3 ± 0 .8
22 ± 7 .2
3.5 ± 1 .9
1.3 ± 0 .7
1 ± 1 .0
2.8 ± 2 .2
17.2±11.6
10.3 ± 9.1
0.0 ± 0 .0
158.2 ±72.0
0.8 ± 0 .5
10±4.1
11 ± 8 .4

19.0±11.8
83.5 ± 4 3 .7
2.7 ± 0 .5
4.7 ± 3 .9
126 ±35.3
18.3±3.0
1.17±0.6
3 .7 ± 1 .6
2.2 ± 0 .9
25.8 ± 6 .5
56.3 ±17.3
25 ±15.2
219.2 ±55.5
0 ± 0 .0
5.5 ± 1 .7
9 .5 ± 2 .2

6.8 ± 2 .6
134.7 ± 82.8
2.3 ± 0 .5
23 ± 21.4
106.5 ± 59.5
9.0 ± 3 .7
2.2 ± 0 .7
2.2± 1.1
2 .0 ± 1 .0
61.3 ± 38.9
17.3 ± 8 .0
29.5 ± 24.7
160.5 ± 52.4
2.7 ± 2 .6
6 .2 ± 1 .8
9.0 ± 5 .4

ns
ns
ns
ns
*

No. indiv./sample
No. indiv. (w/o Spha)
No. of families
EPT taxa
Chir. (%)
Chir. (%) (w/o Spha)
EPT/Chir.

918 ± 144.2
274.1 ± 85.2
12.5±1.3
123 ± 27.4
34
58
0.39

605.7 ±122.5
522.2 ±96.1
14.8 ± 0 .9
235.2 ±40.2
36
42
1.07

582.3 ±216.2
447.7±147.2
15.8±1.5
204.8 ± 0 .2
28
36
1.28

Pairwise tests

R] < (R2 ««R3 )
(Ri R 3 )

Rl >

ns
ns
ns
ns
**
*

R 2 > (Rl == R 3 )
R j < {R2
R3 )

ns
ns
ns
ns

ns
ns
*

Rl < {R2

R3 )

ns = not significant.
*Sig. at P < 0.05.
**Sig. at P < 0.01.
Underline indicate differences that are almost significant (0.05-0.555).

composition in both rights-of-way was almost uniform
across the channel, with the bankside samples contain
ing similar proportions of particles as the mid-channel
samples. There were no deep pools or undercut banks
in either ROW. The impacts of such an alteration may
result in a reduction in habitat complexity due to
the elimination of riffles and pools and other non
uniformities in the stream channel (Brookes, 1988). The
loss of habitat diversity and the pool-riffle sequence
may result in the reduction or elimination of fish cover,
which in turn can affect fish movement, predation,
feeding, breeding, migration, and the amount of suit
able shelter available for resting and cover (Brookes,
1988; Gregg and Rose, 1985). This may be particularly
important for salmonids which require morphological
variability in stream channels for shelter while they
wait for prey (Brookes, 1988). Rivers that have had
channel alterations on lengths of stream have been
shown to produce less trout on the channelized reaches
relative to the unmodified channel lengths (Brookes,
1988).
Another variable under investigation was stream
water temperature, which generated quite different
results in each of the two streams. There are a num
ber of factors controlling the temperature of water
as it flows downstream. Among these factors, the in
put of direct solar radiation is the primary source of

heat causing water temperatures to increase (Brown,
1969). In his studies predicting the effect of clearcutting
on streams. Brown (1969) found that solar radiation
accounted for over 95% of the heat input on small,
unshaded streams. The amount of solar radiation that
is exposed to the stream is controlled by the quan
tity and quality of riparian vegetation (Brown, 1983).
The removal of riparian vegetation or its replacement
by vegetation that is less effective in providing shade
can cause significant increases in stream temperatures
(Beschta et al., 1987; Brown and Krygier, 1970). Thus,
the shading effect of riparian vegetation is very impor
tant in maintaining acceptable stream temperatures,
which in turn maintain the stream biota. At Prairie
Creek there was a small increase in the stream water
temperature downstream of the ROW, however it was
within the range of normal variability. The increase in
temperature was so small that it would be unlikely
to have a significant, detrimental effect on the fish or
other biota that comprise fish habitat urJess tempera
tures were above or within close range of the thermal
limits for the target species, which was the case for
Prairie Creek. Temperatures reached 19°C in the ROW,
thus approaching the lower range of the thermal tol
erance limits for brown and brook trout (Schmitt et
al., 1993). These temperatures are highly unlikely to
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Prairie Creek: Fish Cover

□ Instrm Veg
B Overhan Veg
□ Deep Pools
■ Undercut Bnks
□ Boulders
□ LWD
■ SWD

Alford Creek: Fish Cover

□ Instrm Veg
B Overhan Veg
□ Deep Pools
■ Undercut Bnks
□ Boulders
□ LWD
■ SWD

Fig. 5. Estimate of fish cover (% by type) in the three reaches at
Prairie Creek and Alford Creek, respectively. For each reach, n = 3
(whole reach * 3 sampling periods).

be lethal to fish, but they may result in habitat avoid
ance until stream water temperature decreases, or in
the reduction of fitness of the aquatic biota. Providing
fish cover elements in the ROW, such as deep pools
or overhanging structures, would benefit fish by pro
viding protective areas with cooler water and shade.
Although the removal of riparian vegetation did not
substantially affect the water temperature in Prairie
Creek, it may have a more significant effect on other
streams. The physical and hydrological characteristics
of Prairie Creek, specifically its depth and relatively
fast current, cause it to be less susceptible to changes
in water temperature as a result of incoming heat com
pared to shallow streams with low flows (Brown and
Krygier, 1967). Therefore, stream water temperature
should be carefully considered in the development of
successive or large crossings, or if the watercourse in
consideration is small and has low flows. Alford Creek
was more likely to be affected by the removal of ripar
ian vegetation because it is a shallow, low-flow stream,
however the stream temperature in Alford Creek con
sistently decreased downstream of the control. This is
caused by the introduction of another source of cooler
water, called advection, as heat cannot be that readily
dissipated from a stream (Brown, 1969). The source at
Alford Creek was most likely groundwater that mixed
with the main streamflow, as other potential sources of

water such as a tributary were absent. This explana
tion is supported by the increase in stream discharge
downstream of the control reach, likely the result of the
additional input of groundwater which is also an indi
cator of advection (Brown, 1969). The input of cooler
water hinders the determination of the effects of the
removal of riparian vegetation on the stream that is
most likely to be affected (Brown, 1970). However,
it does demonstrate the influence that such factors
may have in the determination of stream temperature.
Consequently, the potential effects of the removal of ri
parian vegetation may be superseded by the inflow of
groundwater or a tributary thereby eliminating, reduc
ing or adding to the effects.
The results of the benthic macroinvertebrate sam
pling show an alteration in abundance and community
structure in the ROW, although it is difficult to evaluate
the nature of the alteration as being either detrimental
or beneficial. Some of the results are seemingly ben
eficial, particularly the increases in the EPT taxa that
are usually associated with clean, cool streams and are
often used as biological indicators for evaluating envi
ronmental quality (Merritt and Cummins, 1996; Resh
and Rosenberg, 1993). On the other hand, there were
also increases in other invertebrates that are known
to be disturbance tolerant, such as Oligochaeta Naididae, Diptera Chironomidae and Simuliidae (Cairns
and Pratt, 1993). Other biological measures of environ
mental quality include family richness, the ratio of EPT
taxa to Chironomidae abundance and the ratio of Chironomids relative to the total number of individuals
(Resh and Jackson, 1993). With regards to these meas
ures, there was no statistically significant difference for
either stream.
There are a number of possible interpretations of
these results. The macroinvertebrates may be respond
ing to the increase in aquatic macrophytes, particularly
in Alford Creek where the increase in in-stream vege
tation was considerable. Increases in algal production
as a result of increased exposure to solar radiation
have been shown to lead to higher invertebrate pro
duction (Beschta et al., 1987; Shortreed and Stockner,
1982). Macrophytes have also been shown to have a
significant influence on benthic macroinvertebrates by
altering the microhabitats in the stream (Gregg and
Rose, 1985). They reduce current velocity, which will
subsequently affect substrate composition and distri
bution and they increase the physical heterogeneity
of the microhabitats as they grow vertically into the
water column providing potential living spaces where
none existed above unvegetated substrate (Gregg and
Rose, 1985). Other studies investigating the effects of
the removal of riparian vegetation on macroinverte
brates have found similar results (Murphy and Hall,
1980; Murphy et al., 1981). In these studies, it was
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demonstrated that the increase in primary production
in streams due to increased light availability following
canopy removal resulted in greater biomass, density,
and species richness of insects. Another possible ex
planation is the change in substrate composition in the
ROW in both streams. Substrate composition may be
a factor in determining the taxonomic composition of
macroinvertebrates in the stream as macroinvertebrate
distribution and abundance has been correlated to sub
strate composition (Culp et al., 1983). The substrate
composition changed in the ROW to some degree in
both streams towards larger sized substrata, which
is generally beneficial to macroinvertebrates (Brookes,
1988). These increases may be beneficial to fish as ben
thic macroinvertebrates are the primary food source
for the fish species under consideration, thus it rep
resents an increase in food availability. However, the
corresponding increase in disturbance tolerant inver
tebrates may also indicate environmental stress.
Alterations in the abundance, diversity, and type of
fish cover were also evident in the ROW. The ROW
had the least amount of cover for fish, resulting in
a loss of approximately 50% of available cover rela
tive to the control, for both streams. The diversity of
cover elements was also reduced in the ROW. In Prairie
Creek two cover types comprised 67% of the available
cover and in Alford Creek one cover type comprised
81% of the available cover and the amount and diver
sity of other cover elements were low. In the control
reaches of both rights-of-way the proportion of cover
types was distributed more equitably. The proportion
of woody debris available in the ROW decreased by
14% in Prairie Creek and 41% in Alford Creek relative
to the control reach, most of which represented a loss
of large woody debris. Furthermore, the ROW lacked
specific cover elements such as pools and undercut
banks in both streams. The considerable reduction of
fish cover may contribute to the loss of habitat diver
sity that is important to fish and other aquatic biota
(Hartman et al., 1987). Numerous studies (Boussu,
1954; Calkins, 1989; Hunt, 1976; Lamberti, 1992; Lewis,
1969; Butler and Hawthorne, 1968; Schmitt et al., 1993;
Wootton, 1992) have shown that fish cover, and deep
pools in particular, are among the most important fac
tors for fish and are crucial in influencing fish densities
and community structure. There may also be indirect
effects of changes in the amount of woody debris,
including changes to the bank stability and channel
form, as well as reducing the amount of cover pro
vided to young fish (Hartman and Holtby, 1982; Towes
and Moore, 1982). This may be particularly impor
tant in the winter, when fish populations are reduced
substantially and stream sections containing adequate
habitat in the form of deep pools, logjams, debris, and
undercut banks maintain more fish than sections with
out this habitat (Tschaplinski and Hartman, 1982).
In addition to the alterations in the substrate com
position already mentioned, other changes were ap
parent. There was also a 10% increase in the amount
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of silts and sands downstream of the ROW at Prairie
Creek and an increased proportion of fines in the
bankside habitats. Studies have shown that the de
position of sediments on stream bottoms will reduce
egg and alevm survival and negatively affect juvenile
fish (Berg, 1982; Cordone and Kelly, 1961). Therefore,
some concern should be given to this finding. That
aside however, the changes in the substrata at Prairie
Creek were not that substantial. In Alford Creek there
was a 30% increase in the proportion of cobbles in the
ROW and a 24% decrease in the proportion of silts and
sands. Though this represents a departure from the
typical substrata of the stream, it is potentially ben
eficial to the aquatic biota as it provides for a more
diverse benthic community, as invertebrate abundance
and distribution is highly correlated with the sub
strate composition (Culp and Davies, 1982; Vinson and
Hawkins, 1998).

CONCLUSIONS

The structural habitat in the ROW has become more
homogenous as a result of the physical alterations
to the stream charmel which is likely attributable to
the construction and installation of the pipeline. The
shape and dimensions of the channel have changed to
become more homogenous, fish cover has been consid
erably reduced and the substrate is relatively uniform
across the stream channel. Consequently, the niche po
tential is reduced which will affect the amount, type,
and composition of the species occupying the system
(Brookes, 1988; McCulloch, 1986). Furthermore the loss
of diversity may interfere with the ability of the ecosys
tem to function effectively and to remain resilient to
other disturbances, such as floods (Christensen, 1996;
Lamberti, 1992; Lewis, 1969). The degree to which this
change in the habitat will affect the ability of the stream
to produce or maintain fish is difficult to determine. It
is unlikely that the channelization of such a small sec
tion of the stream will have a significant, detrimental
effect on the fishery however it may influence other
physical aspects of the stream and subsequently the
biota (Carter et al., 1996). Furthermore, the reduction
of fish cover and the loss of diversity in the structural
habitat is likely to have an effect on the capacity of
the habitat to support the stream biota, as these are all
important aspects of fish habitat (Ralph et al., 1994).
Given the number of watercourse crossings that are
constructed in Alberta each year however, the poten
tial cumulative effects resulting from such crossings
is significant. Techniques that would increase habitat
complexity in the ROW effectively would be beneficial
to reducing alterations caused by the crossing.
Thus, there is evidence of an alteration to the phys
ical and biological attributes of fish habitat as a result
of the pipeline watercourse crossing. The majority of
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alterations seem to be attributable to the physical con
struction and installation of the pipeline rather than as
a result of the removal of riparian vegetation, although
the loss of cover elements such as overhanging vegeta
tion may contribute to this alteration. These changes
may result in a reduction of the habitat to support
the life processes of fish including spawning, rearing,
nursery, overwintering, feeding and migration (DFO,
1998). The assumption, as given by the DFO (1998) is
that "as a result of the reduced capacity of the habi
tat to support the life processes of fish, there will also
be a loss in the capacity of the habitat to produce fish."
Hence, the alteration of the stream at the ROW could
be construed as causing a harmful alteration, disrup
tion or destruction of fish habitat. Furthermore the
cumulative effects of multiple or successive rights-ofway may compound the impact, particularly if the
removal of riparian vegetation is large enough to cause
water temperature increases beyond the thermal tol
erances of the target species or is significantly higher
than in undisturbed reaches.
Many of the measures to reduce crossing impacts
would be relatively inexpensive and easy to imple
ment. These could include: restoring the ecological
attributes of the stream back to its original state fol
lowing the construction of the crossing; conducting a
full and accurate baseline study of the area prior to
construction; developing site-specific restoration plans
rather than a generic plan; implementing trenchless
construction techniques wherever possible; restoring
the bankside habitat such that it provides an equitable
ecological function as it originally had; restore fish
habitat attributes such as stream channel meanders
and fish cover elements; monitoring and continuing to
conduct research to evaluate the success of implement
ing these measures; and considering the potential cu
mulative effects that may result from a project. Should
such measures be implemented, there would be little
to no concern regarding the loss of habitat as a result
of pipeline rights-of-way.
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Effects of Natural Gas Pipeline Water Crossing
Replacement on the Benthic Invertebrate and
Fish Communities of Big Darby Creek, Ohio
Scott Reid, Scott Stoklosar, Serge Metikosh, Jim Evans, and Tracy Huffman

During the fall of 1998, two exposed natural gas pipeline crossings of Big Darby Creek, Ohio
were removed and then replaced using open-cut (wet) and flumed (dry) crossing techniques. Big
Darby Creek, a national and state scenic river, supports a diverse warmwater fish community
that includes several state-listed threatened and endangered species. Instream construction
resulted in short-term increases to downstream suspended sediment concentrations, sediment
deposition rates, and the amount of fine sediment in riffle habitats. Jersey barrier and sandbag
dams, used during the flumed crossing provided a poor seal from the creek flow. Therefore,
a similar amount of sediment was released downstream as the open-cut replacement. Increased
fine sediment in riffle habitats immediately downstream of the crossing coincided with short
term (<1 year) changes in the abundance and community structure of benthic invertebrates.
Small post-construction changes of the abundance and species composition of fish communities
were measured at riffles and runs upstream and downstream of construction and therefore, are
not considered due to sediment released during instream construction. No long-term (>1 year)
changes to benthic invertebrate and fish communities were observed.
Keywords: Sediment, construction, open-cut crossings, flumed crossings, aquatic effects

INTRODUCTION

Two parallel exposed natural gas pipelines crossing
Big Darby Creek, Ohio were replaced using both opencut (wet) and isolated (dry) methods during the fall
of 1998. Big Darby Creek, a National and State Scenic
River, supports a diverse warmwater fishery includ
ing several state listed threatened and endangered fish
species. Pipeline water crossing construction can result
in temporary increases in downstream sediment loads.
While it has been recognized that warmwater riffle
fish species are sensitive to increased sediment load
ing (Trautman, 1981; Berkman and Rabeni, 1987), the
effects of pipeline water crossing construction on these
particular fish communities were not known. Secondly,
few case studies have evaluated the effectiveness of
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isolated crossing methods in mitigating the adverse ef
fects of water crossing construction (Bandaloo, 1978;
Reid and Metikosh, 2001). The pipe replacement work
at Big Darby Creek provided an opportunity to com
pare sediment loading associated with two different
crossing techniques and to study its effect on habitat
condition, benthic invertebrates and warmwater fish.
METHODOLOGY
Study area

Big Darby Creek, a tributary of the Scioto River in
Central Ohio, drains 1443 km^ in the Eastern Cornbelt
Plains Ecoregion (Hambrook et al., 1997). It supports
a diverse warmwater fish assemblage (86 species) in
cluding several state-listed threatened and endangered
fish species. The study area, located several kilometers
upstream of Darbyville, Ohio, consisted of a 3.1 km
reach that extended from 0.6 km upstream of the cross
ing to 2.5 km downstream.
Monitoring stations were established along this
reach upstream and downstream of the exposed pipe
lines. Riffle habitats were selected to monitor sediment
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deposition rates, habitat alteration and the responses
of benthic invertebrates and riffle fish communities.
Run habitats were chosen to measure the responses of
fish nof dependent on riffle habitats.
Over the study area, the channel gradient is flat
(<0.1%). Fish habitat predominately consisted of long
stretches of placid runs with occasional riffles found at
areas of channel consfricfion and downstream of me
ander bends. Flow levels during construction ranged
between 1.4 and 2.1 m^*s~h At the crossing location,
the wetted width of the charmel was 37 m. Based on
sieve analysis, bed material excavated from Big Darby
Creek during construction was 26% gravel sized ma
terial, 34% sand and 40% silts and clay. Riffles were
approximately 9 m wide, with mean water depths
and velocities of 0 .2 - 0 .5 m, and 0 .2 - 0 .3 m s“ ^, respec
tively. The surficial bed material of riffle habitats was
dominated by clean gravel and cobble material. Run
habitats were ^0.5-1.5 m deep with hard packed sand
and gravel substrates.
Sampling methodology

The study included: (1) monitoring of suspended sed
iment concentrations (TSS) during instream construc
tion; (2 ) measurement of sediment deposition rates;
and, (3) pre- and post-construction sampling of surfi
cial creek bed material, benthic invertebrate communi
ties; and fish inhabiting run and riffle habitats. Field
work was conducted between September 14th, 1998
and September 24th, 1999. Sampling of habitat condi
tions, and benthic invertebrates occurred before (Sep
tember 14th-16th, 1998), immediately after (October
4th-6th, 1998); one month after (November 5th, 1998);
and, one year after construction (September 23rd-24th,
1999). Fish communities were sampled during all site
visits except in November 1998.
Suspended sediment

Water samples were taken at mid water column for the
duration of instream construction (September 16th to
October 5th, 1998) to document TSS (mg D^) upstream
and downstream of consfruction. Water sampling sta
tions were established 50 m upstream, and 50,500, and
1600 m downstream of instream construction. A sitespecific TSS-turbidity relafionship was then derived
from field turbidity measurements and a subsample
(50) of water samples representing a range of turbidi
ties that were analyzed for TSS concentration. Turbid
ity measurements taken in the field were converted to
TSS (m gl“ ’ ) using the following regression equafion
where NTU is nephelometric turbidity units:
0.7568e'^-5^55(iog,„NTU+i)

logjo(TSS-6 l) =

: 0.87.
( 1)

The ranges of NTU and TSS measurements in the
subsample were 0.1-853 NTU and 4-3360 m g U ',
respectively.

Sediment deposition and habitat alteration

Sediment deposition and associated habitat alteration
downstream of the crossing was determined by:
(1 ) measurement of the amount of material captured
in sediment traps; and (2 ) the characterization of sur
ficial bed material using the pebble count method.
Three monitoring stations were established at riffles
600 m upstream, 50 and 500 m downstream of the
crossing. To measure sediment deposition, modified
Whitlock-Vibert boxes filled with washed 25 mm di
ameter gravel were buried in the creek bed flush with
the surface before construction (Clarke and Scruton,
1997). After construction, traps were removed and cap
tured sediment was analyzed for dry weight and parti
cle size distribution. A one-way ANOVA and Tukey's
FISD multiple comparisons were used to test for differ
ences in sediment deposition rates between riffles (Zar,
1984). Surficial bed material and the amount of fine
sediment were characterized using the pebble count
method (Kondolf, 1997). Dj^, D 5 0 , Dgi (sediment parti
cle diameter at which 16, 50, and 84% of the sample is
finer) and fhe percentage of particles less than 4 mm in
diameter were calculated from pebble count data for
each riffle and sampling event to identify changes in
surficial bed material.
Benthic invertebrates

Benthic invertebrate communities in riffles were sam
pled with a Surber sampler (0.1 m^ sampling area and
250 pm mesh). Five samples were taken at each riffle.
Samples were preserved in a 70% alcohol solution in 11
bottles and identified fo fhe lowest possible taxonomic
level. Changes to benthic invertebrate communities in
relation to instream construction were evaluated using
five biological indicators: total density, abundance of
individual taxa, species richness, Ephemeroptera, Plecoptera, Trichoptera (EFT) richness (number of mayfly,
stonefly, and caddisfly taxa), and the ratio of EFT indi
viduals to total density. EFT metrics were used as these
species are considered to be sensitive to fine sediment
related changes to habitat condition.
Fish community

Fish in Big Darby Creek were sampled using seine
nets (7.0 m x 1.9 m with 6 mm mesh) and backpack
electro-fishing units. Three areas of run habitat (50 m
upstream, 90 and 1600 m downstream) were sampled
with multiple seine hauls (5 at each run). Areas seined
were approximately 0.5-1.5 m deep with hard packed
sand and gravel substrate. ANOVAs and Tukey's HSD
multiple comparisons were used to test for differences
in capture rates and species number at each site and
sampling event (Zar, 1984). Proportional similarity in
dices (PSI) were calculated, to assess the similarities be
tween pre- and post-construction species assemblages
in run habitats. PSI values range from 0 (completely
different) to 1 (identical). PSI values greater than 0.7 are

Ejfects o f natural fas pipelines water crossing replacement

considered to indicate very similar fish assemblages
(Paller, 1997).
Two riffles (600 m upstream and 500 m down
stream) were sampled using three depletion passes
through a 35 m reach of each riffle with a backpack
electro-fishing unit. Each reach was isolated with up
stream and downstream blocknets and sampled by a
three person crew. Methods outlined in Zippen (1958)
were used to generate population estimates. PSI val
ues were calculated to assess the similarity of pre- and
post-construction species assemblages in riffle habi
tats.

RESULTS
Overview of instream construction activities at Big
Darby Creek

The old 18 and 20 inch exposed lines (457 and 508 mm
diameter) were removed and then replaced with two
508 mm concrete coated lines during September and
October of 1998. Instream construction was authorized
pursuant to Sections 401 and 404 of the Clean Water
Act (33 u s e 1344), a Flood Hazard Building Permit
and a National Pollution Discharge Elimination Sys
tem general permit for construction site stormwater.
Each replacement and accompanying tie-in was done
independently and in succession in order to maintain
gas supply to nearby consumers.
Replacement of the first pipe required nine days of
instream activity. Initially, the workspace was to be
isolated with aqua-barriers and a flexible flume. How
ever, due to a tear along a seam, the upstream aquabarrier failed before trench excavation commenced
and the replacement was instead completed as an
open-cut crossing. The second line replacement was
completed over a six day period using the flumed
crossing method. The workspace was isolated from
the creek by concrete jersey barrier and sandbag dams
and the flow was diverted through a flume (508 mm
diameter pipe). Turbid water from the isolated work
area was pumped to an upland discharge location.
During both replacements, the trench was excavated
and backfilled by backhoe and spoil was stockpiled instream. After the lines were replaced, creek banks were
recontoured and stabilized using soil bioengineering
procedures; including rootwad placement, live-stakes,
and cribbing.
Suspended sediment

First line replacement (open-cut)
During the first replacement, the mean background
TSS concentration was 7.1 m g l“ ^ (range 4.714.6 m g l“ ^). TSS concentrations 50 m downstream in
creased slightly above background (mean 8.9 mgl~b
range 4.7-44 m gl“ ') during aqua-barrier and flexi
ble flume installation and removal. However, during
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trench excavation (September 25th-26th), TSS concen
trations were measured up to 2723.7 m g l“ \ 50 m
downstream of construction. TSS concentrations re
mained high during backfilling (mean 773.0 m g l“ ^,
50 m downstream) with the peak TSS concentration
of 5100 mgl"^. This was the highest concentration
measured over the entire project. Six hours after back
filling had been completed (September 27th), down
stream TSS concentrations had decreased markedly
(15 m g U ’ ). By the following morning, TSS concentra
tions were equivalent to background (7.8 m gl“ ^).
Second line replacement (flumed)
During the second line replacement, the mean back
ground TSS concentration was 9.2 m g l“ ^ (range 7.79.2 m g l“ ^). Removal of the second exposed pipe
caused a temporary (<2 h) increase in downstream
TSS concentrations. Installation of the flume and dam
structures resulted in larger increases in TSS concen
trations above background (mean 131.7 m g l“ ^, 50 m
downstream). Dams were ineffective at isolating the
work area as water flowed underneath the concrete
jersey barriers. Accordingly, downstream TSS con
centrations were high during both trenching (mean
290.9 mg 1“ ^, 50 m downstream) and backfilling (mean
1487.9 m g l“ ^, 50 m downstream). The peak TSS con
centration was measured during backfilling on Octo
ber 5th (13120 m g l“ ^).
Partway through trench excavation, spoil stockpiled
on either side of the trench improved the seal of
the isolation dams. Consequently, TSS concentrations
measured 50 m downstream during pipe-laying, and
the initial stages of backfilling were relatively low (9.577 m gl“ ^). However, as stockpiled material was used
up during backfilling, the seal deteriorated and isola
tion structures were again ineffective at keeping the
work area dry. As a result, after 1 h of backfilling,
TSS concentrations downstream increased from 134
to 1306 mgU^. Downstream TSS concentrations re
mained high during dam and flume removal. Over the
5.5 h required to remove the dams and flume, TSS con
centrations measured 50 m downstream averaged over
840 mg U ' above background.
During both line replacements, TSS concentrations
decreased as the plume of turbid water moved down
stream. During trenching and backfilling, mean TSS
concentrations measured 500 m downstream were 89%
and 96% lower than 50 m downstream. TSS concentra
tions of water samples collected at the bridge crossing
at Darbyville (3 km downstream) during trenching (8.3
and 9.4 m g l“ ^) and backfilling (6.5 and 7.6 m g l“ ^)
were equivalent to background levels.
Sediment deposition and habitat aiteration

A significantly greater amount of silt and clay
(<0.75 mm diameter) was deposited at the first down
stream riffle (50 m downstream of the pipeline cross
ings) than at the riffle monitored upstream of the
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crossing (ANOVA p < 0.001; Tukey HSD p < 0.001).
Deposition of silt and clay was 6 . 6 times greater than
at the upstream riffle (12.6 vs. 1.9 gm^). Sediment traps
were not removed from the riffle 500 m downstream
of the crossing until one month after construction and
were therefore not used in this analysis. However, for
the following reasons, it is suggested that most of
the deposition occurred within 500 m downstream of
the crossing. TSS concentrations measured during con
struction 500 m downstream were 89-96% lower than
50 m downstream and, unlike the first downstream rif
fle, there was no measurable change in surficial bed
material due to silt and clay deposition at the second
downstream riffle (see below).
Before instream construction, the surficial bed ma
terial of riffles was gravel and cobble (D 5 0 : 55-71 mm)
with a low level of fine sediment (3-9%). The high rate
of deposition of silt and clay at the first downstream
riffle resulted in: a 36% increase in the amount of surfi
cial fine sediment (<4 mm); and, a shift in surficial bed
material from gravel-cobble (D5 0 : 71 mm) to a mixture
of clay, silts, gravel and cobble (D 3 0 : 33 mm). Changes
to habitat conditions were still evident one month af
ter construction. After construction, the amount of fine
sediment measured at the upstream and the second
downstream riffles increased by only 3 and 1%, respec
tively. One year after construction, the bed material at
the first downstream riffle had recovered to its pre
construction condition.
Benthic invertebrates

Over the fall of 1998, post-construction changes in
abundance and community structure of benthic in
vertebrates were evident at the first downstream rif
fle. Benthic invertebrate density was 46% lower, one
month after construction [Fig. 1(a)]. In contrast, benthic
invertebrate density increased from September to No
vember at both the upstream and second downstream
riffles. The proportion of EFT individuals relative to
total abundance was greater at all riffles immediately
after construction [Fig. 2(a)]. However, while the pro
portion of EFT species relative to all species continued
to increase at the upstream and second downstream
riffles, it decreased from October to November (one
month post-construction) at the first downstream riffle.
Both the number of individual taxa and EFT taxa col
lected from both downstream riffles increased within
one month of construction [Figs. 1(b) and 2(b)]. Alter
natively, the number of benthic invertebrate and EFT
taxa collected from the upstream riffle was relatively
constant.
Specific taxonomic level changes observed at the
first downstream riffle included: (1 ) an increase in
oligochaete (aquatic worms) and Neuroeclipsis (caddisfly) abundance from September to November to a
density greater than the two other riffles; and (2 ) an
initial increase in the abundance of several species of
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Fig. 1. (a) Mean (SE) densities and (b) number of benthic inver
tebrate taxa collected from riffles along Big Darby Creek (arrows
indicate the timing of construction). U l; 600 m upstream; D l: 50 m
downstream; D2: 500 m downstream.

mayflies (Stenonema sp., Tricorythidae sp.), midges {Chironomidne sp.) and a species of web-spinning caddisfly {Hydropsychidae sp.) immediately after construction
followed by a reduction in abundance by November.
At the other riffles, the densities of these taxa had re
mained constant, or had increased slightly.
One year after construction (September 1999), ben
thic invertebrate densities and number of taxa at the
first downstream riffle were equivalent or greater than
before construction.
Fish community

Twenty-seven fish species were collected from rif
fle habitats of which ninety-five percent were either
darters {Percidae sp.) or minnows and shiners (Cypriiiidae sp.). One state-listed endangered species (spot
ted darter, Ethcostoma maculatum), and two state-listed
threatened species (Tippecanoe darter, Etheostoma tippecanoe and bluebreast darter, Etheostoma caenileum) were
captured. The most frequently captured species were
the central stoneroller (Campostoma anontaliini), banded
darter (Etheostoma zonale), bluebreast darter, rainbow
darter (Etheostoma caeruleiim), Tippecanoe darter and
the variegate darter (Etheostoma variatum). After con
struction, fish abundance (including numbers of the
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Fig. 2. (a) EFT (mayflies, stoneflies, caddisflies) ratios and (b) num
ber of EFT taxa collected from riffles along Big Darby Creek (arrows
indicate timing of construction). U l: 600 m upstream; D l: 50 m
downstream; D2: 500 m downstream.

two-state listed threatened species Tippecanoe and
bluebreast darters) increased substantially at both up
stream and downstream riffles (Table 1).
PSI values calculated from pre- and post-construc
tion electro-fishing data indicate that the post
construction fish assemblage at the downstream riffle
(0.62) was slightly different than before construction.
Three additional species were collected in October of
1998. The relative abundance of dominant species (cen
tral stonerollers, Tippecanoe darters, rainbow darters,
and variegate darters) changed between 10 and 16%.
The post-construction fish assemblage at the upstream
riffle was similar to the pre-construction assemblage
(PSI: 0.73)
In total, 21 different species were seined from run
habitats. The most frequently captured species be
longed to the sunfish and bass {Centrarchidae sp.),
sucker and redhorse (Catostoniidae sp.), and shiner and
minnow (Cyprinidae sp.) families. There were no statis
tical differences in the number of fish (ANOVA: p =
0.18), or species captured (ANOVA: p = 0.38) before
and after construction at any of the sampling locations
[Fig. 3 (a) and (b)]. However, PSI values calculated for
each rim indicated changes in the composition of up
stream and downstream fish assemblages immediately
after construction (0.28-0.59). The relative abundance
of golden redhorse {Moxostoma erythrurum) at each
run decreased between 14 and 23%. Other species in
cluding smallmouth bass {Micropterus dolomieui), silver
shiner {Notropis photogenis), and longear sunfish {Lep-

Fig. 3. Mean numbers (±SE) of (a) fish and (b) fish species in
seine hauls in run habitats along Big Darby Creek (arrow indicates
timing of construction). UP: 50 m upstream of crossing; D l: 90 m
downstream; D2: 1600 m downstream.

omis megalotis) were also caught less frequently along
the study reach after construction.
DISCUSSION

The flumed crossing method has been successful in
minimizing sediment entrainment from pipeline wa
ter crossing construction (Baddaloo, 1978; Reid and
Metikosh, 2001). Successful application of the method
is strongly dependent on watercourse size, bed ma
terial, channel characteristics, and materials used to
construct isolation dams. Dam leakage and failure,
insufficient sump storage volume, insufficient pump
capacity, poor maintenance of sediment control mea
sures, and inadequate planning can all limit the effec
tiveness of this method to control sediment loading
(TERA, 1996). The flumed crossing of Big Darby Creek
took longer than the open-cut crossing (22.7 h of instream work over 6 days vs. 16.8 h over 3 days) and
resulted in only slightly lower mean downstream TSS
concentrations (523 vs. 771.6 m g l“ ^). The use of con
crete jersey barriers with sandbags and plastic sheeting
has been effective in minimizing sediment release dur
ing flumed crossings of watercourses much smaller
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Table 1. Pre- and post-construction fish population size estimates and species number at sampled riffles. Upstream riffle: 600 m upstream
of crossing; downstream riffle; 500 m downstream of crossing
Riffle
Upstream
Downstream
Upstream
Downstream
Upstream
Downstream

Date
15-Sep 98’
16-Sep 98’
5-Oct 98^
7-Oct 98^
24-Sep 9923-Sep 9 9 2

Species number

Pop. estimate

95% Cl

Tippecanoe darter

Bluebreast darter

Spotted darter

17
18
16
23
15
22

187
349
507
980
671
518

22
49
33
132
49
62

2
24
42
133
14
6

9
46
38
101
36
31

0
1
0
0
0
2

* Pre-construction.
“Post-construction.

(discharge <0.3
than Big Darby Creek (Reid
and Metikosh, 2001). However, downstream of the
flumed crossing of Big Darby Creek, high TSS concen
trations resulted from the poor seal between concrete
jersey barriers used to isolate the work area and the
unconsolidated creek bed material underneath. The
use of these materials during crossings of watercourses
with similar flows and readily erodible bed material is
therefore not recommended.
Increased sediment deposition resulted in short
term (<1 year) changes to riffle habitat immediately
downstream of instream construction. Increases in em
beddedness and the amount of silts and clay coincided
with shifts in benthic invertebrate density and commu
nity structure observed over the fall of 1998. Observed
increases in oligochaete (aquatic worms) densities and
decreases in the numbers of mayflies, stoneflies and
caddisflies (EPT taxa) have been reported in other
studies of pipeline wafer crossing construction effects
on benthic invertebrates (Tsui and McCart, 1981; An
derson et al., 1998). The clay and silt deposits at
the first downstream riffle likely created habitat con
ditions more suitable for burrowing forms such as
oligochaetes than other benthic taxa that prefer clean
coarse bed material as habitat. The short time frame
for recovery (1 year) is consistent with previous stud
ies of the effects of sediment released during open-cut
pipeline water crossing construction on downstream
benthic invertebrate communities (Reid and Ander
son, 1999).
Despite the extended period of elevated sediment
loading during instream construction and the expected
sensitivity of resident fish, more fish were collected
from riffles during post-construction electro-fishing
than prior to construction. While substantial sedi
ment deposition and habitat alteration occurred im
mediately downstream of instream work, habitat
conditions at the riffle 500 m downstream were unaf
fected. Secondly, mean and peak TSS concentrations
measured during instream construction at this riffle
(mean concentrations <70 m gl“ * and peak concentra
tion <150 mgl~^) were well within the natural range
of TSS concentrations for Big Darby Creek (USGS
1992-1997: 1-844 m g l“ '). Large reductions in the oc
currence of darters likely requires a greater degree of

habitat alteration (i.e., smothering of riffles by sedi
ment) and/or a more prolonged exposure to turbid
water than that reported downstream of fhese water
crossings (Branson and Batch, 1972; Trautman, 1981).
Although not captured by electro-fishing, darter and
cyprinid species were observed using the first down
stream riffle at Big Darby Creek during the fall of 1998.
Electrofishing of the same riffle the following Septem
ber indicated that it was being used by seven different
riffle species including the bluebreast, Tippecanoe, and
spotted darters.
Post-construction increases in darter abundance at
both upstream and downstream riffles may be related
to fall downstream migrations. Trautman (1981) re
ported that between its confluences with the Scioto
River and Little Darby Creek, large downstream mi
grations of bluebreasf darters occur along Big Darby
Creek during September. The study reach is within this
area and therefore, the large post-construction increase
of bluebreast darters may be due to this behaviour. The
observed increase in bluebreast darter abundance at
the downstream riffle suggests that instream pipeline
construction did not obstruct this migratory behav
iour. Changes in the relative abundance of dominant
riffle species at the upstream riffle (±7-20% ) suggest
that such changes at the riffle 500 m downstream of
the crossing reflect natural levels of variation and are
not related to instream construction. Post-construction
changes to the fish assemblages in run habitats were
restricted to shifts in the relative abundance of a
few species. Some of the observed species shifts (e.g.,
golden redhorse) may also be related to fall migra
tions to lower reaches of the Big Darby Creek drainage
(Trautman, 1981).
In summary, although pipeline replacements re
sulted in increased downstream TSS concentrations
and sediment deposition, adverse effects were limited
to short-term (<1 yr) changes to riffle habitats and ben
thic invertebrates within 50 m downstream.
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Natural Resources that May Be Affected
if Your Horizontal Directional Drill Fails:
Open Cut Analysis of A Coastal Maine River
Paul D. Martin and Mike Tyrrell

The Joint Pipeline Project (a 100-mile natural gas pipeline) located in Maine, New Hampshire,
and Massachusetts has recently been constructed. The route includes a crossing of the Piscataqua
River, which forms a portion of the border between Maine and New Hampshire. Installation of
the pipeline occurred by horizontal directional drill (HDD) under the river. During permitting
of the project, the contingency plan identified open cut construction (dredge and blasting) if
the drill failed. The need for mitigation of potential open cut impacts arose during discussions
with regulators. The very high velocity reversing tidal flows were of special concern. To develop
appropriate mitigation, an analysis was undertaken to determine the probable nature and extent
of impacts to biotic resources should an open cut occur. Potential impacts to eelgrass, finfish,
lobsters, and shellfish were quantified using hydrodynamic and sediment transport modeling in
conjunction with biological survey data. Numbers of target organisms and area of eelgrass beds
that might be affected by an open cut were determined. Between 0.8 and 1.3 acres of eelgrass
loss was predicted. A loss of 27,500 lobsters and 800,000 shellfish (3 species) was predicted from
direct impacts. Impacts to finfish were limited to indirect effects on larvae, which could not
be quantified. Pipeline installation was successfully completed with the HDD with no adverse
impacts to Piscataqua River habitats.
Keywords: Sedimentation, estuarine, fisheries, pipeline, construction, HDD, open cut

INTRODUCTION

The Joint Pipeline Project was developed and con
structed as a teaming arrangement between El Paso
Energy and Maritimes and Northeast Pipeline Com
pany. During US Army Corps of Engineers permitting,
a contingency plan was requested in the event that
the horizontal directional drill (HDD) of the Piscataqua
River failed and the crossing needed to be completed
by open cut (a trench dug/dredged across the river
bottom). In agency discussions about the contingency
plan, the need for mitigation for impacts to habitats
in the Piscataqua River/Great Bay estuarine system
arose. To develop appropriate mitigation, the nature

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
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and extent of potential impacts that could be realisti
cally anticipated from an open cut were investigated.
Of particular concern were impacts to eelgrass beds,
fisheries, lobsters, and shellfish (oysters, clams, and
mussels).
Impacts were classified as near-field (within 100 m
of the crossing location) and far-field beyond 100 m.
Near-field impacts could include direct excavation and
sidecasting of spoil. Par-field impacts could occur from
bedload transport, suspended solids re-deposition and
elevated TSS levels.
Given the magnitude of the effort and the impor
tance of the resources involved, the study had a num
ber of objectives:
- assess river bottom and sediment characteristics in
the pipeline crossing vicinity;
- assess sediment transport and deposition that could
result from open trench construction;
- characterize existing eelgrass, lobster, shellfish, and
finfish resources in the pipeline crossing vicinity;
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Fig. 1. Great Bay Estuary and project location map.

determine the nature and extent of potential impacts
to eelgrass, lobster, shellfish, and finfish; and
provide a basis for discussions on potential mitiga
tion measures.

SITE DESCRIPTION

The Piscataqua River is part of the 4400 ha Great Bay
estuary (Fig. 1), a component of the National Estuary
Reserve program. Seven tributary rivers provide fresh
water input, contributing 1140 cfs to the estuary. The
estuary is characterized as having extensive shallow
mudflats with narrow and deeper channels cut into the
sediment by river inflow.
At the pipeline crossing location the River is 730 m
wide, 13 m deep at mean high water (MHW), and has
an average tidal range of 1.5 m. There is a 270 m wide
navigation channel maintained from the mouth of the
river to about 1000 m upstream of the pipeline crossing
location. The northern (Maine) shoreline is relatively
straight and the river bottom slopes relatively steeply
into the navigation channel. The southern shoreline
(New Hampshire) has a shallow embayment with a
180-m wide mud flat before the top of the navigation
channel is encountered.
River sediments consist primarily of sand and
coarse material within channels and mudflats in shal
low areas. Bedrock outcrops also occur in the area,
and sub-bottom sonar showed that outcrop occurs in
several locations along the pipeline centerline. The ge
ology of the area is dominated by past glacial activity,
including the presence of moraine and drumlin de
posits, glacio-marine deposits such as the Presumpscot
clay, old beach elevations, and buried river channels.

Hydrodynamics and water quality

River flow varies seasonally, the greatest volumes
occurring as a result of spring runoff. However, the
tidal exchange component in the river is large and
storms throughout the year may also create runoff
and sediment load peaks. Average maximum current
speeds are 1.5-2.3 m s“ ^ and spring tide currents can
be as great as 2.5-3 m s“ ^ The strongest currents are
confined to a central "core" in the river, with near shore
areas having lower current speeds and even weak
counter-currents. The observed flushing time for water
entering the head of the Great Bay Estuary is 36 tidal
cycles (18 days) during high river flow.
Tides cause considerable fluctuations of water clar
ity, temperature, salinity, and current speed with sus
pended loads highest in the upper estuary, and season
ally highest in the spring. Turbidity values are higher
on the ebb than the flood tide. Freshwater contribu
tion to Great Bay from seven rivers can be substantial,
particularly in the spring and after storm events. Salin
ity typically drops to levels approaching 10 ppt in the
spring (vs. 30 ppt just off the coast) but may drop to
1 ppt after spring storms. In summer the temperature
is about 10°C warmer than the Gulf of Maine while
both coastal and estuarine waters approach 0°C in the
winter.
Estuarine flora and fauna

The Great Bay Estuary is a typical New England wellmixed estuary with extensive intertidal mud flats, eelgrass beds, rocky zones, and deep, narrow channels.
American lobsters are common in the Great Bay Estu
ary. The Great Bay Estuary is ideal habitat for a number
of molluscan shellfish species. The primary species of
ecological and economic importance are the softshell
clam {Mya arenaria), the Eastern oyster (Crassostrea virginica), the razor clam {Ensis directus), the blue mussel
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Fig. 2, Sediment sampling locations.

(Mytilis edulis), the sea scallop {Placopecten magellanicus), and the Belon oyster (Ostrea edulis).
Juveniles and adults of twenty-eight species of
resident and migratory fish have been collected in
the Piscataqua River in the vicinity of the open cut
(NAI, 1974; Nelson, 1981, 1982). Resident as well
as anadromous fishes utilize the estuary either as
spawning grounds or as a nursery. Dominant resident
species include silversides, killifish, winter flounder,
tomcod, sticklebacks, and grubby. Anadromous fish
include smelt, blueback herring, alewives, striped bass,
Atlantic herring, and menhaden.
Eelgrass, Zostera marina L., is a submerged marine
flowering plant that forms underwater beds or mead
ows in coastal and estuarine waters, contributing to the
health and productivity of these areas. Eelgrass habi
tats cover 10 km^ within the estuary, but varies from
year to year as eelgrass is a dynamic habitat. Eelgrass
communities are valuable sediment traps (Thayer et
al., 1975) and filter estuarine waters, removing both
suspended sediments and dissolved nutrients (Jackson, 1944; Short and Short, 1984).

STUDY METHODS

A number of tasks were completed to assess potential
open cut impacts to Piscataqua River resources, includ
ing sediment and subbottom characterization, hydrodynamic modeling, sediment transport and deposition
analysis, an eelgrass survey, and impact assessments
of eelgrass, finfish, lobster, and shellfish. This work
was performed under subcontract by researchers at the
University of New Hampshire, all of who have had ex
tensive experience working in the Great Bay estuary.

Sediment and subbottom characterization

Sampling occurred at 6 stations along and 8 stations
adjacent to the pipeline crossing (Fig. 2). Because of
shallow water along the New Hampshire shoreline,
the first station was 160 m from shore while the first
Maine station was 35 m from shore. A Shipek bot
tom grab sampler was used to obtain surficial samples
(~10-15 cm of the bottom) at each station. After view
ing the contents of the grab sampler, a gravity corer
was used at three of the 14 stations in an attempt to
obtain deeper samples. Gravity cores can obtain rel
atively undisturbed bottom sediment samples in soft
sediments up to several meters. Coarse or compacted
sediments prohibit gravity core penetration. Grab sam
ples were taken at 13 of 14 stations, with the bottom
at station 11 too rocky to retrieve a sample. Coarse
sediments allowed collection of gravity cores only at
stations 1 (50 cm penetration) and 2 (10 cm penetra
tion) along the open cut and station 14 upstream (1.1 m
penetration). The cores were photographed, examined
and described, and subsampled for grain size and car
bon content by loss-on-ignition (LOI).
A sub-bottom profile survey was performed along
the centerline of the pipeline (in water over 3 m deep)
crossing using CHIRP sonar. This sonar is able to de
termine sediment horizons potentially to depths of
30 m below the river bottom. Of particular interest
was depth of sediment and depth to bedrock to aid in
the calculation of the amount of sediment involved in
trenching operations. Survey transects were run paral
lel to the pipeline centerline as well as perpendicular,
in order to get coverage of the entire study.
Hydrodynamic modeling

Great Bay Estuary was modeled with the BOSS In
ternational Surfacewater Modeling Systems (SMS) pro
gram. SMS is a pre- and post-processor for two-di
mensional finite element and finite difference models
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Fig. 3. Hydrodynamic model grid and bathymetry.

of contaminant migration and sediment transport. The
finite element mesh and associated boundary condi
tions were created with mean high water level defined
as the shoreline boundary and depths were digitized
from NOAA nautical charts. The final Great Bay Es
tuary mesh consisted of a total of 41,105 nodes and
19,613 quadratic triangular elements. The mesh in the
immediate area of the pipeline crossing is shown in
Fig. 3. Flow conditions were established for two tidal
cycles (24 h) for mean (2.65 m), neap (2.4 m), and
spring (3.05 m) tidal heights. Hydrodynamic analysis
linked the SMS mesh with RMA2, a hydrodynamic
modeling code, that supports flow analysis including
wetting and drying models. Given the complexity of
the model, each run took 24 h computing time and
the complex estuary geometry required repeated cor
rections of the mesh due to insufficient elements.
Sediment transport and deposition anaiysis

Sediment characteristics were determined using the
project's sediment sampling and subbottom survey,
and additional core data from prior geotechnical in
vestigations at five locations along the horizontal di
rectional drill path. Using the seismic reflection pro
files, sediment sampling and geotechnical cores, the
stratigraphic cross section thickness and textural char
acteristics of the sedimentary layer was developed.
Volumes of sediment material to be dredged were
calculated. Dredge sediment volume and characteris
tics were linked with the results of the hydrodynamic
model to analyze sediment transport and deposition.
Based on river flow and sediment characteristics an es
timate was made of the extent, nature and location of

sediment deposition and total suspended solid (TSS)
concentrations.
Eelgrass survey

Intertidal and shallow subtidal areas were surveyed
from a shallow draft boat and by walking the shoreline
at low tide. Subtidal areas deeper than - 1 m MFW
were surveyed by SCUBA divers. The dive surveys
were conducted by anchoring a 180 m long transect
line on the bottom, with markers every 7.5 m, parallel
to the shoreline. Transect lines were placed 6 m apart
along the depth gradient at the site. Surveys were
conducted by two divers swimming parallel to the
transect lines, each about 1.5 m from the transect line
and surveying a 3 m wide strip. The extent and health
of eelgrass and other vegetation within the interval
was noted along with the occurrence of crustaceans or
bivalves.
Eelgrass impact assessment

Eelgrass impacts were determined using a quantitative
model that relates total suspended solid (TSS) con
centrations to the density and health of eelgrass. The
model calculates light extinction from TSS (based on
Dennison et al., 1993), % light reaching eelgrass plants
from light extinction coefficients (Short, 1980), and eel
grass growth and/or density from the % light available
(Short et al., 1995). The relation between TSS and light
extinction coefficient is based on a linear regression of
simultaneous measurements of TSS and change in the
light extinction coefficient (Kd) where:
change in Kd = 0.0491 x TSS.
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Table 1. Sediment grain size analysis results
Sample type
Core

Station

Depth (cm)

Classification (based on G/S/M)^

% G/S/M

% (G+S)/S/C'^

% LOI

1

8-10
24-26
31-33
40^2
50-52
4-6
0-2
24-26
49-51
74-76
99-101
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface

Sandy Mud
Sandy Mud
Muddy Sand
Muddy Sand
Muddy Sand
Sandy Gravel
Muddy Sand
Sandy Mud
Sandy Mud
Sandy Mud
Sandy Mud
Sandy Mud
Sandy Mud
Sand
Gravel
Gravely Sand
Gravely Sand
Gravely Sand
Sandy Gravel
Gravely Sand
Gravely Sand
No Sample
Gravel
Gravely Sand
Muddy Sand

1/33/66
2/19/79
0/57/43
0/54/46
0/50/50
44/54/2
1/66/33
0/44/56
0/19/81
0/23/77
0/47/53
4/82/14
0/89/11
0/96/4
100/0/0
9/91/0
11/89/0
22/75/3
33/66/1
22/76/2
21/76/3
90/10/0
29/69/2
1/87/12

34/53/13
21/38/41
57/34/9
54/40/6
50/32/18
98/1/1
67/21/12
44/44/12
19/57/24
23/54/23
47/52/1
86/9/5
89/6/5
96/3/1
100/0/0
100/0/0
100/0/0
97/2/1
99/0.5/0.5
98/1/1
97/2/1
100/0/0
98/1/1
88/7/5

3
21
2
3
2
1
3
4
4
5
5
2
3
2

2
14

Grab

1
2
3
4
5
6
7
8
9
10
11
12
13
14

-

1
-

1
1
1
1
-

1
1

= Gravel, S = Sand, M = Mud.
'^G + S = Gravel + Sand, S = Silt, C = Clay.

The reduction of light reaching the plants (% L) is
determined from the calculated change in Kd, accord
ing to the light extinction equation, where:
%L = exp(—Kd X depth).
These equations together evaluate the effects of
increased water turbidity, or increased TSS, on eelgrass
growth and density to ±10% accuracy. Studies have
shown that a reduction in light reaching the plants,
caused by increased turbidity, will result in a reduction
in eelgrass shoot density and a decreased growth rate,
leading to a loss in eelgrass bed health status and areal
coverage (Dennison et al., 1993; Short et al., 1995).
Sediment deposition effects on areal cover of eel
grass beds were determined by comparing sediment
transport model output to maps of eelgrass distrib
ution in the Piscataqua River. Direct dredging and
spoil smothering of eelgrass beds was assessed within
the pipeline corridor (100 m either side of the pro
posed center line). Any dredged eelgrass would be
destroyed, leading to loss of eelgrass habitat. Any eel
grass within 100 m upstream or downstream of the
trench area would also likely be buried by dredge
spoil, resulting in eelgrass habitat loss.
Finfish, lobster, and shellfish impact assessment

Assessment of potential impacts to lobsters, molluscan
shellfish, and finfish species was based on: (1) previ
ous studies in the Great Bay Estuary; (2) similar studies
of the target species conducted in other temperate es
tuarine locations; (3) documentation of effects derived

from the scientific literature; an (4) investigations con
ducted for this project. Since potential effects differ for
each specie or group of species, the assessments are
presented in the results as such.

RESULTS
Sediment and subbottom characterization

Results of the grain size and LOI analyses are shown
in Table 1. Typical of glaciated and estuarine envi
ronments in northern New England, the samples are
extremely poorly sorted with grain sizes ranging from
mud to gravel. Along the proposed trench, except for
station 1, the surficial sediments are relatively coarse
grained, being composed of muddy sand or gravel.
With station 1 located on a broad shallow flat, the sedi
ments consist of sandy mud or mud to a depth of about
30-cm, then a muddy sand down to 50 cm. There was a
peat deposit from 20 to 30 cm, most likely an old trans
gressive marsh deposit. All other grab samples were
sand, gravel or some combination of the two, the ex
ception of station 14. At station 14, in the upstream
cove in Maine, sediments were composed of muddy
sand to sandy mud in the 100 cm core.
The Loss On Ignition (LOI) contents were generally
low, being less than 3% for all the surface grab samples.
Typically, coarser grained estuarine sediments have
low organic contents. The station 1 core had a higher
LOI content (21%) in the peat deposit located in the
depth interval at 20-30 cm below the surface. The
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Fig. 4. Suspended sediments and bedload transport — incoming tide.

station 14 core sample had slightly higher LOI values
(5%) than the other samples.
Hydrodynamic modeling

Although several tidal ranges and tidal stages were
run with the hydrodynamic model, the two conditions
with maximum velocities are the mid-outgoing (ebb)
tide on high tidal range and mid-incoming (flood) tide
on high tidal range. Eddy currents form in coves both
upstream and downstream on the New Hampshire
shore depending on tidal direction. A large eddy
forms in the upriver cove on the Maine shore on
incoming tides while downriver flow is linear given
the straighter shoreline. The center of the channel
has strong linear currents in both tidal directions.
Maximum current velocities at the crossing location
are slightly in excess of 1 m s “^ on the incoming tide.
Current vector arrows are shown on Figs. 4 and 5.

with gravel with depth to bedrock exceeding 13 feet.
Dredge spoil volume in cubic yards was estimated at
31,775 for sand, 208 for gravel, 450 for mud, and 4283
for bedrock.
The settling velocities of medium to coarse sand size
particles are relatively fast (~2.5 to ~15 cm s^^ at 10°C)
resulting in bedload transport that will only affect tur
bidity of nearbottom water. Very fine to fine sands
have lower settling velocities (~0.25 to ~2.5 cm s~'
at 10°C) and will result in far-field sediment deposi
tion. The mud fraction has very low settling veloci
ties (fine silt/clay of ~0.004 mm diameter settles at
0.0014 cm s“ ' ) and will result in a turbidity plume that
gradually disperses far from the pipeline crossing. Ar
eas of elevated TSS concentrations as well as areas of
bedload and suspended sediment transport are shown
for flood tide conditions in Fig. 4 and ebb tide in Fig. 5.

Sediment transport and deposition analysis

Eelgrass survey and impact assessment

Examination of stratigraphy and sediment data in
dicates that the New Hampshire sediments are thin
(typically less than ~16 feet and less than ~12 feet at
a number of locations), and contain some fine grained
sediments (estimated to be less than 3 feet thick) un
derlain by sand and gravel deposits. Bedrock is en
countered several times at a depth of less than 13 feet
(proposed open cut depth). From the Maine shoreline
across the navigation channel the sediment layer thick
ens and appears to be composed of fine to coarse sand

Healthy eelgrass at an average density of 200 shoots
per square meter was found in patches and as scattered
individual shoots on the Maine side of the river,
corresponding to the 0.34 acre area ME-3 on Fig. 6.
No eelgrass was found in New Hampshire, however
a several hectare mussel bed was observed at a —4
to —5.0 m depth range along with occupied lobster
burrows. Based on prior investigations, other known
eelgrass habitats were incorporated into the study and
are shown on Fig. 6.
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Fig. 5. Suspended sediments and bedload transport — outgoing tide.

Minimal Impact

Map Prepared by:
Gulf of Maine Project
U.S. Fish and Wildlife Service
4R Func^ Road
Falmoutn, Maine 04105
(207) 781-8364
Primary Contact: Arnold Banner

Fig. 6. Eelgrass impact assessment.
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Effects o f dredging on eelgrass
Direct disturbance from open cut activities includes
excavation and burial with dredged sediments while
indirect disturbances include interference with photo
synthesis due to high suspended sediment loads and
burial by sediment re-deposition. If open cut, pipeline
construction would destroy the 0.34 acres of the ME-3
habitat by dredging and dredge spoil burial. Indirect
and far-field impacts from sediment transport and de
position would impact a number of the eelgrass area
in the vicinity of the crossing. Estimates of the loss of
these other eelgrass habitats is provided on Eig. 6 and
can be related to the TSS levels presented in Eigs. 4
and 5. In total, from direct and the more severe indi
rect impacts it was estimated that 1.3 acres of eelgrass
habitat would be lost if an open cut crossing were com
pleted.
Finfish, lobster, and shellfish impact assessment

The following assessment was performed using both
existing available information and relied heavily on
the expertise of the UNH investigators who have
been working on the Great Bay Estuary for years and
information collected for this study. Table 2 presents
the estimated impacts by faunal group. Estimates
were derived by comparison of known densities or
extrapolated densities of organisms to the habitat area
to be affected by the project. In certain instances, no
suitable habitat and therefore no members of that
species exist within the area to be influenced by open
cut construction.
Table 2. Faunal impact assessment
Species
(group)

Lifestage

Direct
impacts

Indirect
impacts

Total

Lobster

Juvenile and
adult
Larval
Adult
Larc'al
Adult
Larval
Adult
Larc'al
Adult
Larval
Adult
Lar\’al
Adult
Larval
Juvenile and
adult
Larv'ae
Anadromous
species

8610

2500

11,110

0
98,780
0
0
0
0
0
185,000
0
6300
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
98,780
0
0
0
0
0
185,000
0
6300
0
0
0
0

ND‘^
0

ND
0

ND
0

Softshell clam
Eastern Oyster
Belon Oyster
Razor Clam
Blue Mussel
Sea Scallop
Finfish

ND indicates no data is available on which to make a determination
either because the likelihood of occurrence is unknown or because
the nature of impacts has not been adequately studied in the
scientific literature.

CONCLUSIONS

Shortly following completion of the open cut con
tingency study, construction of the Piscataqua River
crossing commenced with HDD technology and after
nearly three months the 30 inch pipeline was suc
cessfully installed across the river. A small release of
drilling mud occurred and was contained at the New
Hampshire shoreline, and during one of the reaming
passes the drill became temporarily stuck. No impacts
to the estuarine resources of the Great Bay estuary oc
curred.
Results of the study suggest that in the immedi
ate area of the open cut, localized impacts to eelgrass
habitats, lobsters, and molluscan species would occur.
Impacts to finfish were anticipated to be negligible,
primarily as a result of their mobility. Eurther afield,
impacts from suspended sediments and bedload trans
port would be directly related to hydrodynamic con
ditions. Greater increases in TSS would be limited
to shoreline areas resulting from the development of
tidal eddy currents. Bedload transport was strongest
in mid-channel and resulted in the dispersal of coarser
sediments into shoaling areas were flow velocity de
creased.
This project reveals the potential benefits of HDD
crossing of sensitive waterbodies if the geology of the
crossing location supports success since essentially no
impacts occur to aquatic resources. Conversely, the
study also revealed that open cut crossings have the
potential for predominantly localized impacts, even in
reversing tidal flow situations, and that at population
levels these impacts are negligible. Impacts to eelgrass
habitat would most likely have required mitigation
under wetland protection provisions of the Clean
Water Act.
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Evaluation of Isolated Water Course Crossings
during Winter Construction along
the Alliance Pipeline in Northern Alberta
Scott Reid and Paul G. Anderson

Isolated (dry) crossing techniques (i.e., dam and pump, or flumed) are required by many gov
ernment agencies to minimize the effects of instream construction during pipeline water crossing
installation. Although there is considerable anecdotal information regarding the effectiveness of
these techniques, limited empirical data has been collected to document their effectiveness to min
imize the release of sediment into watercourses. The construction of the Alliance Pipeline from
northwest Alberta to the Canada/USA border near Elmore, Saskatchewan required the crossing
of 505 watercourses, of which more than 70 were classified as sensitive to instream construction.
Pipeline construction during the winter of 1999/2000 required the crossing of 18 sensitive water
courses supporting coldwater fish species (Arctic grayling, bull trout, and mountain whitefish).
These crossings were constructed using isolated crossing methods. A series of monitoring studies
were undertaken to evaluate the effectiveness of the applied crossing techniques, to limit sedi
ment release into the watercourse and subsequent changes to habitat conditions during, and after
instream construction. Results indicate that dam and pump and superflume methods can be very
effective at limiting sediment release during the crossing of small to medium sized watercourses
and thereby protect downstream fish habitats.
Keywords: Sediment, fish habitat. Horizontal Directional Drill, dam and pump, superflume

INTRODUCTION

Construction of the Alliance Pipeline mainline system
over the past two years required crossing a number of
sensitive watercourses between Whitecourt and Grand
Prairie, Alberta. Due to the large areas of muskeg en
countered in this area of Alberta, pipeline construction
had to occur during winter (i.e., frozen) conditions.
Winter construction conflicts with the preferred instream timing window for sensitive watercourses as
they support fall spawning fish species such as bull
trout {Salvelinus confluentus) and mountain whitefish
{Prosopium ivilliamsoni). Isolated (dry) crossing tech
niques (dam and pump and "superflume") were ap
plied to limit the release of sediment during instream
construction.

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

In theory, isolated crossing techniques minimize the
amount of sediment released into the watercourse by
diverting flow around the construction site. Few case
studies have evaluated the effectiveness of isolated
crossing methods in mitigating the adverse effects
of water crossing construction. Given that pipeline
construction in northern environments often requires
winter construction time schedules and that trenchless
crossing methods are not always feasible, practical, or
cost effective, documentation of the effectiveness of
isolated crossing methods is important to ensure an
appropriate level of environmental protection.
A monitoring program was undertaken during the
winter of 1999/2000 to evaluate isolated water cross
ings constructed by Alliance. Components of the pro
gram included the monitoring of total suspended
sediment (TSS) and dissolved oxygen levels during
crossing construction and pre-and post construction
assessments of habitat condition. This paper presents
the results, key learnings and recommendations from
the study.
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METHODS
Study area

The Canadian portion of the Alliance Pipeline Sys
tem traverses six ecoregions between Fort St. John,
British Columbia and Elmore, Saskatchewan. Numer
ous sensitive watercourses were crossed between in
northwestern Alberta (between Whitecourt and Grand
Prairie, Alberta) (Fig. 1). The mainline pipeline through
this area traverses the Lower Boreal-Cordilleran and
Mid Boreal Mixedwood ecoregions of Alberta. The
rolling to deeply incised terrain is covered by mixedwood and coniferous forests as well as muskeg. Fores
try and oil and gas production are the dominant indus
tries within the region.
The watercourses crossed lie within the Athabasca
River watershed and the Smoky, Little Smoky sub
watersheds of the Peace River watershed. Important
coldwater species found in these watercourses include
Arctic grayling, bull trout, mountain whitefish, north
ern pike {Esox Indus), rainbow trout {Oncorhyndms
inykiss), and walleye (Stizostedioii vitreum). In most
cases, the Alliance watercourses crossing location was
adjacent, or in relatively close proximity, to existing
pipeline watercourse crossings.
Alliance was required to undertake a water quality
monitoring program at sensitive watercourses that
were being crossed outside of the preferred timing
windows for in-stream construction. Characteristics of
the watercourses monitored are provided in Table 1.
These watercourses ranged between 2.0 and 42 m
wide (summer wetted width). Only the Simonette and
Little Smoky rivers are greater than 16.0 m in width.
Habitat conditions in the vicinity of the crossings were
generally run and riffle habitats with clean gravel and
cobble bed material.

Suspended sediment

At each water crossing, water samples were taken at
mid water column through holes augered in the ice
cover to document total suspended sediment (TSS)
concentrations (mgC^) during construction (Fig. 2).
Water sampling stations were established upstream
and downstream of instream construction. Down
stream monitoring transects ranged between 40 and
160 m downstream of the ditchline. Site-specific TSSturbidity relationships were derived from field turbid
ity measurements and subsamples of water samples
(15—48 samples) representing a range of turbidities that
were analyzed for TSS concentration. Turbidity mea
surements taken in the field were then converted to
TSS. Correlation indices ( r values 0.88-0.98) from the
regression analyses indicate that field NTU measure
ments provide a good proxy for TSS.
Dissolved oxygen

Dissolved oxygen concentration (mgl~^) was also
monitored during the construction of the Simonette
River, Shell Creek, Deep Valley Creek, Little Smoky
River, and Sakwatamau River crossings. Dissolved
oxygen concentrations were measured from grab wa
ter samples collected three times daily from transects
upstream and downstream of the crossings.
Fish habitat

Riffles along eight watercourses were monitored to
assess alteration of downstream habitats due to sedi
ment deposition (Table 1). The watercourses selected
represent four size-classes of watercourse (<4.0, 4-10,
10-20, and >20 m). Riffle habitats were monitored
as shallow water depths allowed for sampling and
secondly, because of their sensitivity to sediment depo
sition. Habitat condition at riffles upstream and down
stream of each crossing was characterized using ei
ther: (1) visual assessments of embeddedness (1-100%)
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Table 1. Summary of watercourses crossed by the Alliance Pipeline Project (mainline) during winter 2000, crossing methods and
monitoring activities
Watercourse

Discharge (m^ s ^)

Wetted width (m)

Crossing method

Monitoring activities

Patterson Creek

No measurable flow

n/a

Dam and pump

Habitat alteration

Latomell River

0.02

3.0

Dam and pump

TSS monitoring

Simonette River

0.29

5.6

Superflume

TSS monitoring
Dissolved oxygen
Habitat alteration

No measurable flow

n/a

Dam and pump

Habitat alteration

Dam and pump

TSS monitoring
Dissolved oxygen
Habitat alteration

Unnamed Tributary to Simonette River
Shell Creek

0.06

1.5

Deep VaUey Creek

0.47

10.2

Superflume

TSS monitoring
Dissolved oxygen
Habitat alteration

Waskahigan River

0.1

11.7

Dam and pump

TSS monitoring

Little Smoky River

2.2

20.4

Superflume

TSS monitoring
Dissolved oxygen
Habitat alteration

losegun River

0.02

12

Dam and pump

TSS monitoring

Two Creek

0.04

7.2

Dam and pump

TSS monitoring

Chickadee Creek

0.02

1.3

Dam and pump

TSS monitoring

Unnamed Tributary to Chickadee Creek

0.04

1.4

Dam and pump

TSS monitoring
Habitat alteration

Sakwatamau River

0.35

10.5

Dam and pump

TSS monitoring
Dissolved oxygen
Habitat alteration

visits were done shortly after ice-out (April 24th-27th,
and May 17th, 2000). At Shell Creek, cross-sectional
monitoring transects across pools (400 m upstream and
140 m downstream of the crossing) were surveyed
with a survey level and rod, before and after construc
tion.

RESULTS
Summary of water crossing construction

Fig. 2. Depth and water velocity measurements at holes augured in
the ice downstream of the crossing of Two Creeks.

(Platts et al., 1983) and composition of bed material
(i.e., sand, gravel, cobble, boulder) at 10 evenly spaced
locations along a transect at each monitoring site; or
(2) the pebble count method (Kondolf, 1997). Pre
construction habitat characterizations were done be
tween October 15th and 17th, 1999. Post-construction

Between January 17th and March 4th, 2000, the
1067 mm OD pipeline was installed underneath eigh
teen watercourses considered as sensitive in the fish
eries assessment. Fourteen crossings were constructed
using the dam and pump method. Five of these cross
ings used steel plates installed into the bed as isolation
dams. The other dam and pump crossings used sand
bag dams and plastic sheeting. Flow was diverted
around the crossings using bypass pumps (7.6-25 cm
diameter). Dam and pump crossings required between
1 and 9 days of instream activity. Flows during con
struction were generally low (0.02-0.35 m^s^^). Six
of the fourteen dam and pump crossings were con
structed in the "dry" (i.e., no flows were present at the
time of construction).
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Deep Valley Creek

Date
Fig. 3. Aquadams (centre of photo) diverting flow of fhe Little
Smoky River into the 30 m long superflume. Crossing successfully
installed by Marine Pipeline Construction.

Little Smoky River

The Simonette River, Deep Valley Creek and the Lit
tle Smoky River pipeline crossings were constructed
using the "superflume" method. During crossing con
struction, flow was carried across the crossing area
through a large flume (30 m long with 2.4 m x 1.5 m
openings) (Fig. 3). Water structures (Aquadams^'') were
used to isolate the workspace from the flow. Super
flume crossings required between 4 and 10 days of
instream activity. Flow levels ranged between 0.29 and

2.2 m-"* s^^.
Suspended sediment

Over the course of crossing construcfion, isolated wa
ter crossings resulted in mean downstream TSS con
centrations that ranged from 4 to 100 m g l“^ above
background (Table 2). Increases in mean downstream
TSS concentrations were substantially lower than that
measured downstream of open-cut crossings of simi
larly sized watercourses (Table 3). No patterns relating
to watercourse size, or flow and increases to down
stream TSS level were evident from the monitoring
data.
Increases to downstream TSS concentrations were
generally limited to the installation and removal of
dams and the flume, or bypass pumps (Figs. 4 and 5).
Increases to downstream TSS concentrations during
the dam and pump, or superflume and aquadam in
stallation were on average less than 76 m g l“ ^ above
background. The duration of these increases was be
tween 2.0 and 16.5 h. Dam and pump installation dur
ing the Latornell River crossing, however, increased
average downstream TSS concentrations by 520 mg 1“ ’
for 3 h. Ice removal at the crossing before installation
lengthened the period of instream disturbance.
Increases to downstream TSS levels were gener
ally greater during dam and pump removal (1.0703 m g D ’ above background) than during installa
tion. Measured increases were also temporary (20 min
to 6.5 h).

Simonette River

Date
Fig. 4. TSS data downstream of superflume crossings.

Generally, during other phases of construction (i.e.,
trench excavation and backfill of native material),
mean downstream TSS levels were less than 8 m g l“ ^
above background. However, at the Latornell, Simon
ette, and Little Smoky river crossings, turbid ditch
water pumped to dry side channels, or upland loca
tions flowed back into the channel. As a result, TSS
levels within several hundred meters downstream of
the crossings increased by up 30 to 172 m g l“ ’ for
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Table 2. Duration and T SS concentrations measured during winter isolated water crossings
Watercourse

Distance downstream
(m)

Duration
(h)

Days
instream

Background TSS
(m g l-’ )

Mean TSS
(mgl ’ )

Peak TSS
(m g l-1)

80
50
80
50
40
40
80
50
140
160
160

16.5
24.9
34.3
75.6
37.6
54.7
23.9
15.1
11.8
27.4
93.8

3
4
5
7
5
10
7
2
4
5
9

10.0
4.6
6.8
4.8
2.4
3.8
12.3
5.1
7.4
14.6
7.5

112.8
74.4
47.1
48.0
16.5
22.5
32.8
20.7
11.8
27.2
12.6

1537.4
1458.2
855.7
1497.5
110.3
643.6
311.7
150.2
22.0
359.5
29.1

Latomeil River
Simonette River
Shell Creek
Deep Valley Creek
Waskahigan River
Little Smoky River
losegun River
Two Creek
Chickadee Creek
Unnamed Tributary to Chickadee Creek
Sakwatamau River

Table 3. Duration and mean T S S concentrations during past open-cut installations of similarly sized watercourses
Watercourse

Distance downstream
(m)

Duration
(h)

Days
instream

Background TSS
(m g r^ )

Mean TSS
(rn g l-l)

75
10
45
35

18

2
2
4
2

1.0
2.1
21.6
24.4

608.9
6247
451
781

Hodgson Cr, NWT
Archibald Cr, BC
Little Cedar R, lA
Coxes Cr, Penn.

-

27
12

Reference

McKinnon and Hnytka, 1988
Tsui and McCart, 1981
Reid and Metikosh, 1999
Reid and Metikosh, 1999

Shell Creek - Dam and Pump Crossing
Two Creek - Dam and Pump Crossing
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Fig. 5. TSS data collected downstream of selected dam and pump crossings.
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Table 4. Difficulties and associated remedial actions encountered during isolated winter water crossings

Watercourse
Latornell River
Simonette River
Deep Valley Creek

Little Smoky River

Difficulty
Ditchwater pumped to upland location flowed back into creek
70 m d/s of crossing
During backfilling, turbid ditch water pumped to an oxbow-side
channel flowed back info the river 50-250 m d/s of crossing
When groundwater input from trench greater than pumping
capacity, turbid water seeped out through poor seal
between aquadams and superflume
During backfilling, pumped turbid ditch water overflowed a
beaver dam blocked dry side channel

Table 5. Dissolved oxygen concentrations measured during
isolated winter water crossings
Watercourse

Location

Mean DO level

Shell Creek
Deep Valley Creek
Little Smoky River
Sakwatamau River

Upstream
Downstream
Upstream
Downstream
Upstream
Downstream
Upstream
Downstream
Upstream
Downstream

12.2
12.5
11.3
12.7
12.3
12.3
9.3
9.7
7.1
10.1

Moved discharge to a different upland location
None
Stop backfilling until water level pumped down

Moved to discharge to an upland location

Table 6. Summary of pre- and post-construction pebble count
data collected at riffles upstream and downstream of eight water
crossings

Range
Watercourse

(m g l-’ )
Simonette River

Remedial action

11.0-13.4
11.4-13.6
10.2-11.8
11.0-13.8
11.6-13.5
11.2-13.7
8-11.5
6.5-11.5
6.0-8.5
6.8-12.6

periods of 4-12 h. During backfilling across Deep Val
ley Creek, pumps used to de-water the trench were
unable to keep the crossing area dry. Turbid wa
ter seeped through the seal between the downstream
aquadams and the superflume and downstream TSS
lev'els increased up to 820 m gl~' for a period of 5.5 h.
Co-ordination between monitoring staff and onsite Al
liance environmental inspectors allowed for remedial
actions to be implemented quickly once problems were
identified during these crossings and therefore limited
sediment loading (Table 4).

Riffle

Fines
Fines
D5 0
D50
( <4 mm) (<4 mm) Oct 99 Apr 00
Apr 00
Oct 99

Simonette
River

U/S
DSl (50 m d/s)
DS2 (380 m d/s)

0
3
0

0
0
0

no
78
102

101
65
81

Shell
Creek

U/S
DSl (120 m d/s)
DS2 (330 m d/s)

2
4
3

5
1
3

80
62
65

72
69
58

Deep Valley
Creek

U/S
DSl (110 m d/s)
DS2 (600 m d/s)

0
3
1

1
1
1

82
78
64

92
93
60

Little Smoky U/S
River
DSl (40 m d/s)
DS2 (270 m d/s)

1
2
0

2
1
1

62
62
57

62
64
69

Tributary to U/S
Chickadee DSl (40 m d/s)
Creek
DS2 (160 m d/s)

12
10
13

16
14
10

81
53
82

82
48
73

Sakwatamau U/S
River
DSl (270 m d/s)
DS2 (450 m d/s)

0
1
2

6
1
3

63
68
62

79
81
65

Fish habitat
Dissolved oxygen

Dissolved oxygen levels during the winter can be natu
rally low due to ice cover preventing aeration. The ad
dition of sediment (especially that containing organic
material) during instream construction could further
reduce downstream dissolved oxygen concentrations
by increasing biological oxygen demand (McKinnon
and Hnytka, 1988). Dissolved oxygen concentrations
measured downstream of five Alliance water cross
ings were either equal or greater than upstream con
centrations (Table 5). These observations agree with
past studies that measured dissolved oxygen levels
downstream of winter pipeline crossing construction
(McKinnon and Hnytka, 1988; Colder, 1993). Higher
dissolved oxygen concentrations downstream of Sakwtamau River crossing likely resulfed from bypass water
being discharged into an ice-free side channel where
aeration could occur.

Pebble count data did not indicate that water crossing
construction resulted in any changes to the amount
of fine sedimenf (<4 mm diameter) in the surficial
bed material of riffles downstream of fhe Simonette
River, Shell Creek, Deep Valley Creek, Little Smoky
River, Tributary to Chickadee Creek, and Sakwatamau
River crossings (Table 6). Except for the Tributary
to Chickadee Creek, the amount of fine sediment
measured at all riffles and sampling visits was low
(<6% composition).
Visual assessments of riffle habitats along Patterson
Creek and Tributary to Simmonette River also indicate
no effect of water crossing construction on down
stream habitats (Table 7). The amount of fine sediment
(sand, silts and clay) and the degree of embeddedness
of riffles upstream and downstream of the Patterson
Creek crossing was significantly less after construction
(April 24th, 2000) than before construction (October
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Table 7. Summary of pre- and post-construction habitat assessments at riffles upstream and downstream of the Patterson Creek and
unnamed tributary to the Simonette River water crossings. Mean (standard error) values are reported
October 99

Transect
Embeddedness

% Cobble

% Gravel

46 (6.3)
60 (3.6)
36 (5.2)

21 (4.9)
22 (3.3)
34 (9.8)

14 (4.4)
7 (1.5)
8 (2.3)

4.3 (0.2)
4.4 (0.2)
4.4 (0.2)

Urmamed Tributary to the Simonette River
Upstream
4.1 (0.2)
10 (3.6)
51 (5.2)
D1
4.4 (0.2)
0
43 (6.7)
D2
4.2 (0.3)
2(1.1)
53 (3.4)

34 (6.4)
55 (6.6)
38 (3.3)

6 (1.7)
3(1.1)
8 (3.2)

4.3 (0.2)
4.4 (0.2)
4.3 (0.2)

Patterson Creek
Upstream
3.9 (0.1)
D1
4.2 (0.1)
D2
4.0 (0.2)

% Boulder

April 00

20 (4.4)
11 (2.1)
22 (4.2)

% Fines

Embeddedness

% Boulder

% Cobble

% Gravel

% Fines

36 (7.2)
27 (5.4)
18 (5.5)

43 (7.5)
46 (7.4)
52 (3.7)

16 (2.8)
24 (4.6)
25 (4.8)

6 (3.0)
4(1.5)
6(1.9)

2(1.1)
5(4)
0

56 (5.1)
47 (5.7)
25 (5.3)

35 (6.7)
42 (6.0)
70 (5.3)

7(2)
7(2.4)
(0.9)

Embeddedness scale: (1) greater than 75%; (2) 50-75%; (3) 25-50%; (4) 5-25%, (5) less than 5%.

15th, 2000) (ANOVA P < 0.01). There were also no
significant differences in the amount of fine sediment
(sand, silts, and clay) or the degree of embeddedness
at riffles upstream and downstream of the Tributary to
Simonette River crossing.
The cross-sectional area of the pool surveyed 140 m
downstream Shell Creek crossing was 24% greater in
the spring of 2000 than before construction. Before
construction, the cross-sectional area was 13.8 m^.
After ice-out, it increased to 18.1 m^. Therefore there
was no reduction in pool habitat. The cross-sectional
area of the upstream pool was unchanged (19.5 vs.
19.7 m^).

DISCUSSION

In many areas of the boreal forest of northern Canada,
pipeline construction must be constructed during win
ter as these areas are largely inaccessible during other
times of the year. As many of the rivers and streams
contain cold water fish habitat and fall spawning
species, construction must often occur outside of the
preferred timing construction windows identified by
provincial regulatory agencies. Sediment released dur
ing winter open-cut pipeline crossings has been ob
served to result in deposits of fine sediment on down
stream habitats, especially in slower flowing areas
such as pools and back eddies (Wendling, 1978). Sed
iment deposited downstream of pipeline water cross
ings has the potential to adversely affect fish popula
tions by smothering incubating eggs, or reducing the
availability of critical over-wintering habitats.
TSS and habitat monitoring information collected
during this study illustrates that winter isolated wa
ter crossings can be effective at reducing the risk of
sediment related adverse effects on downstream fish
and fish habitat. Properly constructed, increases to
downstream TSS levels are limited to the installation
and removal of isolation dams and bypass pumps,
or flumes. Poor containment of turbid water pumped

from the isolated workspace, insufficient pump capac
ity and poor seals between aquadams and the super
flume can reduce the effectiveness of isolated crossing
techniques.
The superflume is a newly developed approach to
cross sensitive watercourses larger than that suitable
for conventional isolated methods (i.e., dam and pump
and flume). Watercourses with anticipated flows in ex
cess of 4 m^s“ ^ are generally not considered good
candidates for conventional isolation techniques. The
capacity of the superflume is estimated to be 10 m^ s“ \
however, construction persormel who have used this
crossing technique consider it to work best at flows
less than 7 m^ s“ ^ The effectiveness of the superflume
method to minimize sediment release has been mon
itored during winter crossings of rivers with flows
ranging from 0.29 to 5.0 m^ s“ ^ (Jaron, 1996; Colder,
1998, this study). Generally, the superflume method
is very effective. However, a common problem as
sociated with superflume crossings is the large vol
ume of seepage water that occurs during crossings
with porous bed material. The large volumes of water
pumped from the work area have resulted in contain
ment failures and the flow of turbid water back into the
watercourses. Proper pre-construction planning and
diligent monitoring of containment ponds or discharge
locations is crucial for the successful application of the
super flume method.
Environmental protection regulatory agencies and
environmental non-government organizations apply
considerable pressure on the proponents of pipeline
construction to utilize horizontal directional drilling
(HDD) when crossing sensitive watercourses. HDD
is an important and useful crossing technique, but is
not appropriate for all situations. This is especially
true with large diameter pipeline crossings, as the as
sociated risk and added costs of HDD may not be
warranted. Along the Alliance Pipeline project, there
were 40 HDD water crossings, 22 of which were in
Canada. HDD was implemented at crossings with
highly sensitive fish species, life stages or habitat, ex
ceptionally steep approach slopes within the valley.
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extensive existing pipeline infrastructure or other spe
cial environmental considerations. In virtually all cases
there were inadvertent returns of drilling fluids to the
surface and in some situations, these drilling fluids en
tered surface waters.
As demonstrated in this paper, isolated crossing
techniques provide effective mitigation of potential
aquatic environmental effects. Isolated crossing tech
niques should be considered as a viable alternative to
HDD if the primary consideration is protection of sen
sitive aquatic species and/or habitat.
Similar to horizontal directional drilling, isolated
crossing techniques are not applicable at all water
course crossings. The risk of construction related fail
ures is less than HDD, provided adequate contingency
(e.g., additional pumps, aquadams and/or clean fill
material) are onsite to address unanticipated events
such as increased water flow, dam leakage, trench
sloughing, or pump failure. However, insufficient in
formation is available to predict if an isolated crossing
technique will be successful. Further research could be
directed at determining the factors influencing success
or failure of isolated crossing techniques and devel
oping best management practices to maximize the
potential for success of isolated crossings.
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M ethods and R esu lts of A C o m p reh e n s iv e
M o n ito rin g Program to D o cu m en t Turbidity
and S u sp en d ed S e d im e n t G en erated
D uring P ip elin e C o n stru ctio n

J. Roger Trettel, Stephen A. Compton and David J. Santillo

Northern Ecological Associates, Inc. (NEA) conducted a comprehensive turbidity (nephelometric
turbidity unit [NTU]) and suspended sediment (Total Suspended Sediment [TSS]) monitoring
program (Program) during construction of the Portland Natural Gas Transmission System
(PNGTS) and PNGTS/Maritimes Joint Eacilihes Pipeline Projects (Project) in New Elampshire.
The Program was developed and conducted to monitor NTU/TSS generated during pipeline
construction, and to use this data to assess pipeline construction impacts on fishery resources.
Monitoring crews collected NTU/TSS data on over 300 stream crossings in New Hampshire.
Water samples were collected using automatic water samplers and manually, from each crossing
according to spatial and temporal sampling schedules identified by the New Hampshire
Department of Environmental Services (NHDES). Crews also collected streambed sediment
samples, and complementary ecological data for each crossing. NEA personnel compared NTU
and TSS measurement to develop stream specific relationships between the two parameters, and
determined that NTU is not an accurate proxy for TSS. NEA documented that the majority of
stream crossing had a minimal impact (within the sublethal effects class) on fishery resources
as predicted by Newcome and Jensen's 1996 mathematical model. Crossings with a significant
fishery impact were typically ones with unique environmental conditions that resulted in
extended crossing duration. NEA analyzed streambed sediment samples to determine grain size
distribution to correlate with TSS magnitude and duration, and found that grain size distribution
was useful in predicting potential fishery impacts. NEA's Program successfully added substantial
new information describing construction impacts in aquatic systems.
Keywords: Stream, water, fish, turbidity, suspended sediment

INTRODUCTION

Construction of the Portland Natural Gas Transmis
sion System (PNGTS) and PNGTS/Maritimes &
Northeast Pipeline Projects (hereafter referred to as the
Project) through the State of New Hampshire involved
pipe installation across a total of 179 perennial and 155
intermittent waterbodies.
In order to protect the existing and designated
uses of surface waters affected by construction of the

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

Project, the New Hampshire Energy Facility Site Eval
uation Committee (EFSEC) together with the New
Hampshire Department of Environmental Services
(NHDES) developed a series of special conditions. Spe
cial Condition 12, which was issued to PNGTS as part
of the EFSEC Certificating Order, was developed to
address compliance with the state water quality stan
dard for turbidity. This standard states that an activity
cannot create a turbidity value that exceeds 10 neph
elometric turbidity units (NTU) above background. To
enable the project to be constructed, the NHDES mod
ified Special Condition 12 to include provisions for a
mixing zone and specific detailed monitoring require
ments. The PNGTS/Maritimes & Northeast turbidity
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monitoring program was developed to fulfill turbidity
monitoring requirements outlined in the condition.
This paper provides a summary of the methods and
results of the turbidity monitoring program. Included
herein is an introduction to the types of data collected,
methods and equipment used for monitoring, and a
summary of turbidity (NTU), total suspended solids
(TSS), and severity of ill effect (SEV) values obtained
from each crossing.
Turbidity and total suspended solids

NHDES Special Condition 12 stipulated that the com
pany monitor turbidity during all flowing stream
crossings. In addition, the Condition required the ap
plicants to estimate the potential effect of construction
activities on fisheries using Newcombe and Jensen's
(1996) severity of ill effects model. This mathemati
cal model generates a severity of ill effect value (SEV)
based on the dose (i.e., the product of average TSS in
mg/L and exposure duration) of elevated suspended
sediment.
Measurements of turbidity, measured in NTU, were
necessary to determine when downstream turbidity
levels were 10 NTU or less above background, at which
time water sample collection could stop. For purposes
of determining TSS, the NHDES gave PNGTS the
option of using NTU as a proxy for determining TSS,
or measuring TSS directly (absolute determination).
Because the indirect relationship between turbidity
(NTU) and TSS is usually dependent on both the
substrate material and basin type of the waterbody,
using NTU measurements as a proxy for TSS could
lead to gross over- or underestimation of TSS and
therefore an inaccurate estimate of SEV. Consequently,
PNGTS measured turbidity (NTU) in the field to
determine when sampling could stop, and collected
water samples so that TSS could be measured in
a laboratory for more accurate results used in SEV
calculation.

- Streambed substrate* — A visual estimate of sedi
ment substrate particle size. Particle size classifica
tion followed the following guidelines: large boul
der (>1024 mm), small boulder (256-1024 mm),
large cobble (128-256 mm), small cobble (64128 mm), and gravel (2-64 mm). Grain sizes smaller
than gravel were not determined in the field.
- Bank-height* — The distance from stream water
surface to the top of the bank.
- Channel width* — Average wetted stream channel
width within the construction area.
- Water depth* — Average stream depth within the
construction area.
- Approximate Flow Rate^ — Velocity (meters/sec)
of stream flow, measured by recording the mean
time necessary for a floating object (ideally one
with sufficient subsurface mass) to progress 3 meters
down a representative stream reach.
- Water Temperature — Temperature (F) at the time of
sample collection. Note: temperatures were not ta
ken at each overnight sampling event.
Sample collection

On the day that in-stream construction began, field
crew(s) produced a diagrammatic sketch in their field
books that documented stream crossing location, ac
tive construction activity, and any equipment that
could potentially affect stream turbidity levels. The
sketch included the location of trench dewatering fil
ter bags or any other structures/activities on or off fhe
right-of-way that could affect turbidity. Crewmembers
also recorded the following stream characteristics for
each crossing:
- Vegetative overhang^ — A qualitative visual estima
tion of the percentage of the stream channel that was
covered with vegetation at the time of crossing.

Three stream depth-dependent sampling protocols
were developed to collect water samples during stream
crossings in New Hampshire. Sampling protocol speci
fics are outlined below.
A one-liter water sample was collected from streams
with adequate depth (~20 ml was collected from shal
low or low-flow streams) according to the schedules
outlined in NHDES Special Condition 12. All water
samples were collected according to 40 CFR Part 136
and Standard Methods 2130B-Turbidity. Water sam
ples were held on site pending potential quality as
surance checks by the NHDES Environmental Inspec
tors (Els). Sampling locations were selected to ensure
that pre-construction turbidity at upstream and down
stream sampling locations were as similar as possible.
When possible, sampling stations were located where
up- and downstream flow conditions were similar
(e.g., pools and pools, or riffles and riffles). The first
water sample taken from each crossing was a grab
sample taken prior to in-stream activity. This grab sam
ple was used to determine inter-station background
turbidity variability. Using measurements from the
grab sample, up- and downstream sampling stations
were positioned in similar environments as much as
practicable, with the upstream sampling station lo
cated in an area of representative ambient turbidity.
Sampling, at the intervals described below, was ini
tiated after the grab sample had been taken. Replicate
samples were taken from each station every 10 sam
ples as a QA/QC measure. Samples were analyzed for
turbidity immediately after collection, and then stored
in clean one-liter polyethylene bottles. Following tur
bidity analysis, bottles were labeled with labels placed
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over the mouth of the bottle to ensure that samples
were not opened in transit. Samples were then trans
ported to a storage facility, inventoried, and delivered
weekly or biweekly to the Forestry Analytical Labora
tory at the University of New Hampshire in Durham,
NH for TSS analysis.
Collection intervals

Dry crossings
In order to minimize impacts to aquatic resources and
facilitate construction, all relatively small and low flow
coldwater streams (approximately three meters wide
or less) were crossed using one of two "dry cross
ing" methods (or a combination thereof): Method 2A
— Plumed Crossing, or Method 2B — Dam & Pump
Crossing. These methods involve maintaining down
stream flow and isolating the construction zone from
the streamflow by channeling the flow through a flume
pipe(s) or culvert(s), or by damming the flow and
pumping the water around the construction area. The
overall objective is to minimize siltation of the stream
and facilitate trenching and excavation of saturated
trench spoil. Streams crossed using one of the dry
crossings described below are referred to as "Category
1" crossings.
As required in Condition 12 (c), all Category 1 cross
ings were sampled at two sites (^15 m upstream and
30 m downstream of the crossing area, respectively).
Sampling was performed every two hours during wa
ter barrier installation, and again at one, two, four,
eight, and twelve hours following water barrier re
moval, imtil downstream turbidity was 10 NTU or less
above background.
Regardless of sampling protocol, background sam
ple collection was initiated at the beginning of wa
ter barrier installation, and again at the beginning
of water barrier removal. For purposes of turbidity
monitoring, water barrier installation began the mo
ment a flume or sandbag was placed in the stream
(whichever came first) as part of a water barrier in
stallation (i.e., dam & flume or dam & pump). Any
in-stream construction activity that generated turbid
ity and occurred prior to placement of the flume or
first sand bag, was considered part of water barrier
installation, and was determined the beginning of wa
ter barrier installation. Water barrier installation was
considered complete when all in-stream activity asso
ciated with the installation was finished. Water barrier
removal was interpreted to be either the begirming of
physical water barrier removal, or when the flume was
lifted during pipe installation. Water barrier removal
was considered to be complete when all equipment as
sociated with the water barrier had been completely
removed from the stream.
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Wet crossings
A wet crossing (i.e., open cut) construction technique is
used to cross warmwater streams that do not support
significant fisheries, and streams with substantial flow
that cannot be effectively culverted or pumped around
the construction zone, and where the directional drill
crossing technique is not warranted or feasible. The
fundamental objective in using this method is to com
plete the waterbody crossing as quickly as possible so
as to minimize the duration of impacfs to aquatic re
sources and the associated floodplain.
As required in NHDES Special Condition 12(d), for
wet crossings, samples were collected from the follow
ing sampling stations: Station #1 — 15 m upstream of
construction activity; Station #2 — 30 m downstream
of construction activity, and Station #3 — 150 m down
stream of construction activity.
Sampling protocol and equipment

PNGTS was required to obtain water samples from
all perennial and those intermittent streams where
water was present at the time of construction. Pre
programmed automatic water samplers that collected
continuous, representative, samples at the precise in
tervals outlined in Special Condition 12 were used to
obtain samples at perennial streams. Many of the in
termittent streams were too shallow and/or too slow
moving to allow water collection using autosamplers.
Consequently, PNGTS developed two new sampling
protocols, the cuvette and syringe methods. These
methods allowed collection of the most representative
water sample possible from streams with low flow, or
shallow depth.
Ultimately, three primary (Isco Model 6700 auto
matic sampler, Hach Model 2100P and HF Scientific
Model DRT-15CE portable turbidimeters) and two sec
ondary (20 ml glass sampling cuvette, 50 ml plastic
syringe) pieces of field equipment were used to col
lect water samples. Autosamplers were used to collect
samples from streams greater than 5 cm deep, the cu
vette method was used to collect samples at streams
that were too shallow for autosamplers, and the sy
ringe method was used to collect water from streams
that were too shallow for the cuvette method. Au
tosamplers were programmed to collect individual
one-liter water samples at the time intervals outlined
in Condition 12; the cuvette and/or syringe methods
were used to hand-collect sufficient water for turbidity
analysis (typically 10-20 ml). The Hach and HF Sci
entific turbidimeters were used to determine turbidity
(NTU) for all water samples.
Autosampler collection method
Isco Model 6700 Autosamplers were used to obtain
water samples at all streams that were greater than
5 cm deep at the time of crossing. The terminal end
of the autosampler intake line contained a 3 cm diame
ter polypropylene "strainer" that prevented extremely
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large particles from entering the line that could in
terfere with sample collection. Note: the "strainer"
avoided biased samples because holes in the strainer
walls allowed collection of all grain sizes that could af
fect turbidity. Water samples were repeatedly collected
from static sampling platforms to minimize sampling
bias resulting from heterogeneous turbidity disper
sion. At streams less than 1.5 m deep, the autosampler
intake was securely fastened to an aluminum post,
which in turn was inserted into a steel-sampling plat
form positioned appropriately in the stream channel.
At streams greater than 1.5 m deep, the autosampler
intake was securely fastened to a rope that was an
chored to the streambed with a weight, and held taut
using a float tied to the opposite end. In both cases,
the sample intake line was positioned to obtain water
samples from the middle to lower third of fhe wafer
column.
Autosamplers were pre-programmed with the fol
lowing three sampling programs: Dry 1 — which takes
one, 1000 ml water sample every two hours until the
program is terminated; Dry 2 — which takes one,
1000 ml water sample immediately upon initiation,
a second sample one hour after the initiation of sam
pling, and future samples every three hours thereafter
until the program is terminated (i.e., when turbidity
is measured to be 10 NTU or less above background);
and. Wet 1 — which takes one, 1000 ml sample every
two hours until the program is terminated (i.e., when
turbidity is measured to be 10 NTU or less above back
ground). Dry 1 was initiated at the beginning of water
barrier installation. Dry 2 was initiated at the begin
ning of water barrier removal, and Wet 1 was initiated
at the beginning of in-stream activity at wet crossings.
Cuvette sampling method
The Cuvette Sampling Method was employed at in
termittent or perennial stream crossings when, due
to extremely low flow, there was only enough water
present in the stream channel to fill the 20 ml glass cu
vette that is inserted into the turbidimeter to obtain a
NTU measurement. Cuvette water samples were taken
by placing the 20-ml glass turbidimeter cuvette into a
portion of the stream with sufficient depth to allow
sample collection. During sample collection, the cu
vette was positioned such that its opening was facing
stream flow (when present), and no sediment would be
collected from the streambed. Three replicate samples
were obtained from each site; the final reported turbid
ity measurement was the mean of these replicates.
Syringe sampling method
The syringe sampling method was used at streams
that were too shallow to allow collection of a sample
using the cuvette method. The syringe consisted of a
rubber bulb attached to the end of a 100 ml volumetric
syringe. Samples were collected by siphoning water
from the upper 5 mm of the stream surface without

disturbing the stream sediment. Three samples were
taken where possible; the final turbidity value was the
mean from these three samples. Since the same amount
of water was collected using the syringe and cuvette
methods, and water collected using the syringe was
transferred to a cuvette for analysis, streams sampled
using the syringe method are listed as cuvette method
streams in all summary tables.
Sample analysis

Turbidity
Turbidity measurements were made immediately after
collection using either a HF Scientific Model DRT-15CE
or Hach 2100 portable turbidimeter, both of which
meet EPA (Method 180.1) design criteria. Turbidime
ters were operated according to the manufacturer's
specifications. Calibration was performed as per man
ufacturers specifications, weekly, and oftentimes daily,
using factory supplied Eormazin standards.
Samples obtained using the cuvette or syringe meth
ods were inserted directly into the turbidimeter for
analysis. Samples collected using the Isco autosam
pler were vigorously agitated prior to obtaining a
sub-sample for analysis. Following agitation, a sub
sample was poured directly from the sample bottle
into the turbidimeter cuvette. Three measurements
were made from each water sample and the mean
value recorded according to the EPA (1993) reporting
guidelines. Note, turbidity measurements from cuvette
and syringe method streams are the mean of three
separate water samples while all other values repre
sent the mean of friplicate subsamples from the same
initial water sample. Sampling was terminated when
downstream turbidity was 10 NTU or less above back
ground.
Water samples with turbidity greater than 10 NTU
were sealed, labeled, and transferred to a storage facil
ity following turbidity determination. Water samples
were delivered weekly, or biweekly, to UNH for TSS
determination. Turbidity results were entered into a
spreadsheet, electronically transferred into the master
Turbidity Monitoring Database Management System
(TMDMS). The data were then plotted against time for
each sfream crossing, and provided to the NHDES as
per Condition 12 (e) of the SEC order.
Total suspended solids
TSS analyses were conducted under the direction of
Dr. William H. McDowell at the Forestry Analysis
Laboratory (FAL) of the University of New Hamp
shire. At FAL, TSS analysis was conducted following
the procedures described in Standard Methods for the
Examination of Water and Wastewater (APHA, 1995;
19th edition). Method 2540 D-Total Suspended Solids
Dried at 103-105°C. Results were reported as mil
ligrams of suspended solid per liter of filtered water,
and were transmitted periodically to PNGTS. TSS re
sults were paired with the corresponding turbidity
measurements in the TMDBS, and used in SEV calcu
lations.
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Severity of ill effects values

Severity of ill effects (SEV) values were calculated for
all stream crossings where one-liter water samples
were collected. SEV values were determined using
"model one" developed by Newcombe and Jensen
(1996).
Model One assigns a severity of ill effect (SEV) value
to adult and juvenile salmonids based on exposure du
ration (hours) and concentration (mg/1) of suspended
sediment (TSS). The model is based on a multiple
regression of SEV values and logarithmic transforma
tions of exposure duration and suspended sediment
concentration. The result is a predictive model of the
form:
z = 1.0642

0.6068(lnx) -h 0.7384(lny)

where z is SEV, x is an estimate of exposure duration
in hours (ED), and y is the concentration of suspended
sediment (mg SS/liter).
To qualify SEV values, Newcombe and Jensen (1996)
scored qualitative response data along a semi-quantita
tive ranking scale. Superimposed on a 15-point scale
(0-14), where 0 is no effect and a 14 is greater than 80100% mortality, were four major classes of effect (i-iv).
On this scale, a seven represents "moderate habitat
degradation and impaired homing", a subset of the
"sublethal" (a classification that included effects such
as short-term reduction in feeding success) effect class.
With respect to damage assessment, habitat degra
dation can be characterized in biological or physi
cal terms or both. Biological manifestations of habi
tat damage include the following from Newcombe
and Jensen (1996): under-utilitzation of stream habi
tat (Birtwell et al., 1984), abandonment of traditional
spawning habitat (Hamilton, 1961), displacement of
fish from their habitat (McLeay et al., 1987), and avoid
ance of habitat (Swenson, 1978). Physical manifesta
tions include degradation of spawning habitat (Slaney
et al., 1977; Cederholm et al., 1981), damage to habi
tat structure (Newcomb and Elagg, 1983; Menzel et al.,
1984) and loss of habitat (Menzel et al., 1984; Coats et
al. 1985).
SEV was calculated for the background (upstream),
30-m, and where appropriate, 150-m stations. Since
water samples were collected at different time in
tervals, and turbidity and TSS fluctuated throughout
the crossing, the most appropriate duration for SEV
calculations was determined to be the total crossing
duration (i.e., the total duration of active in-stream
construction and/or turbidity greater than or equal to
10 NTU above background). Periods when turbidity
was less than 10 NTU above background and construc
tion was inactive were typically not included in the
total crossing duration.
The TSS value used in calculating SEV was the
average TSS that the stream "experienced" during
the total construction duration described above. This
TSS value was determined by computing the average
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sampling station TSS (arithmetic mean of samples
collected from each of the 1-3 sampling sites per
station) for each sampling period, and then averaging
sampling station TSS for the total crossing duration.
The result was a single TSS value for the upstream,
30-m, and 150-m (where appropriate) downstream
sampling stations that represented the average instream TSS during the crossing.
Sediment sampling

Monitoring personnel collected streambed substrate
samples from all perennial stream crossings to de
termine if turbidity values could be correlated to
substrate type. A representative sample (>50 g) of
streambed substrate was collected from the streambed
spoil pile. Samples were sent to the University of
New Hampshire where a gravimetric analysis was
performed to determine grain size distribution (i.e.,
percentage of sand, silt, and clay). This data was later
analyzed to elucidate relationships between turbidity
and streambed substrate characteristics. Samples were
not collected at perennial stream crossings where the
streambed was dominated by bedrock or where per
sonnel could not obtain a representative sample.

RESULTS

Monitoring crews actively monitored turbidity at all
streams that were flowing at the time of construction.
A number of crossings were dry or frozen at the time
of crossing and were not able to be monitored for
turbidity.
Project summary

Turbidity monitoring and SEV results for perennial
and intermittent stream crossings were compiled in
tabular form and individual turbidity summary
graphs, stream crossing narratives, and photo docu
mentation were prepared. Where possible, potential
causative factors of elevated turbidity reading(s) were
described using a call-outbox. Crossing narratives pro
vide a physical stream description, a construction and
turbidity monitoring summary, elevated turbidity and
SEV discussions, and a stream sediment composition
chart for select perennial streams. Mean SEV values
for perennial streams, and corresponding effect class
descriptions from Newcombe and Jensen (1996) were
summarized. Length constraints for this paper do not
allow inclusion of this detailed information, but may
be requested from the authors.
Crossing method and SEV

A random sub-sample of 75 perennial streams (30 dam
and pump, 24 flume, 16 combination of dam and pump
and flume, and 4 wet crossings) were evaluated to
assess mean severity of ill-effects values (SEV). Analy
ses showed a negligible difference between calculated
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mean SEVs for dam and pump (6.42) and flumed
crossings (6.47). Eleven of the dam and pump cross
ings (36%), and eight of the flumed crossings (33%),
equaled or exceeded an SEV of 7.0. The lowest mean
SEV (6.35) was calculated for the 17 crossings that were
conducted using a combination of dam and pump and
flume methods. The highest mean SEV (7.41) was cal
culated for the four wet crossings; three of the four wet
crossings (75%) equaled or exceeded an SEV of 7.0.
Ninety-nine percent of perennial crossing SEV values
fell within the Sublethal Effect category, while the re
maining 1% were within the lowest grade Paralethal
Effect.
Mixing zone compliance

As defined in NHDES's Special Condifion 12, a mixing
zone for any water body crossed using a dry method is
“that volume of water subject to increased turbidity as
a result of and immediately following installation and
removal of water barriers__ " Special Condition 12
specified that within four and twelve hours following
water barrier installation and removal, respectively,
turbidity levels at a sampling point 30 m downstream
of the crossing shall not exceed 10 NTUs above natural
background levels. In addition. Special Condition 12
defined a mixing zone for a wet water body crossing as
"that volume of water subject to increased turbidity as
a result of trenching, pipe installation, and backfilling,
so long as total in-stream tim e.. .does not exceed fortyeight hours."
On the PNGTS-North Project, the four- and twelve
hour mixing zones were exceeded 25 and 34 times,
respectively, out of a total of 108 perennial crossings
that were monitored for turbidity. Pour perennial wa
ter bodies were crossed using the wet method; two
of which exceeded the forty-eight hour mixing zone.
A total of 42 intermittent water body crossings were
monitored for turbidity; the four and twelve hour
mixing zones were exceeded at 13 and 16 of these
crossings, respectively.
In completing the perennial stream crossings on the
PNGTS-Joint Facilities Project, the four- and twelve
hour mixing zones were exceeded sixteen and seven
times, respectively, out of a total of 23 perennial
streams that were monitored. Four perennial water
bodies crossed using the wet method exceeded the
forty-eight hour mixing zone. Out of a total of four
intermittent streams that were monitored for turbidity
during construction, three of the crossings exceeded
the four and twelve hour mixing zones.

DISCUSSION

As indicated in the introduction, the primary objective
of NHDES Special Condition 12 was to maintain and
protect existing and designated uses of New Hamp
shire surface waters while permitting construction of
the PNGTS-Maritimes Joint Facilities Project. The ob
jective, as stated in Special Condition 12, is as follows:

" .. .to maintain and protect all existing and desig
nated uses of the surface wafers impacted by the
construction of the pipeline, during the entire period
of construction. New Hampshire water quality stan
dards, including specifically, but not limited to, the
standards for turbidity provided in New Hampshire
Administrative Rule Env-Ws 430, shall be main
tained at all times during construction."
Additionally, Special Condition 12 (paragraph f)
included a provision for after-the-fact compensatory
mitigation as a result of impairment to designated uses
of New Hampshire surface waters or adverse effects to
fisheries. The provision, as stated in Special Condition
12, is as follows:
"The applicant will be responsible for providing
appropriate after-the-fact compensatory mitigation
for any impairment to designated beneficial uses of
New Hampshire surface waters caused by excee
dence of the 10 NTU turbidity standard outside of
a designated mixing zone. The applicant will also be
responsible for providing compensatory mitigation
for any adverse effects to fisheries within a mixing
zone, to the extent that sampling demonstrates pre
dicted effects which exceed a severity level of seven
(7) on the scale developed by Charles Newcombe
and Jorgan Jensen..."
Water samples were collected upstream and down
stream of river and stream crossings at specified in
tervals to quantify and assess turbidity (NTU) with
respect to New Hampshire water quality standards.
These samples were further analyzed to determine
TSS, which was used in calculations to predict ad
verse effects to fisheries. These acts fulfilled all turbid
ity monitoring requirements promulgated in NHDES
Special Condition 12. However, turbidity monitoring
program effectiveness is probably best evaluated in
terms of both the number of waterbody crossings that
were successfully monitored and whether the cross
ing affected existing or designated uses or resulted
in adverse affects to fisheries. The following sections
provide explanations and interpretations of turbidity
monitoring results, and summaries the results with
respect to water quality standards and fishery impacfs. Recommendations for designing future monitor
ing programs are provided at the end of the document.
The following sections provide a brief overview of
sampling effort, SEV and fishery impacts, and recom
mendations for future turbidity monitoring programs.
The conclusions and recommendations do not include
an exhaustive analysis and review of available scien
tific literature. Such a study may be forthcoming if
requested by PNGTS and the NHDES.
Turbidity, total suspended solids

Data analyzed showed that turbidity (NTU) was a
poor predictor of TSS and in turn SEV. As originally
hypothesized, the relationship between NTU and TSS
varied considerably between stream types and was
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significantly influenced by sediment grain size distri
bution.
Based on data collected from streams greater than
10 cm deep, the magnitude and duration of elevated
turbidity and TSS generated during pipeline construc
tion appears to be the dependent on a variety of inter
related physical stream characteristics. Among these,
stream substrate particle size distribution and flow
rate appeared to have the greatest effect on turbid
ity, TSS, and indirectly, SEV. In general, streams that
were swiftly-flowing and/or had substrate dominated
by coarse textured soil material (i.e., sand, gravel, cob
ble, boulder) had considerably lower turbidity and TSS
levels during construction than slow moving streams
with sediment dominated by fine textured soil material
(i.e., silt and clay). Swift flowing streams rapidly trans
ported fine textured soil material out of the sampling
area, while coarse sediment material quickly settled
out of the water column. Conversely, low flow streams
were often dominated by sediment consisting of finetextured material, which is characterized by having
a large surface area for scattering light (i.e., elevated
NTU levels) and low settling velocities. Furthermore,
streams dominated by fine textured soils often took ex
tended time to cross due to the logistical difficulties
created by their lack of structure.
SEV and fishery impacts

Another important consideration in review ing SEV
results is the effect of different sediment grain size
distributions on downstream SEV values. Analysis of
project-wide, sediment grain size distribution from 103
streams allowed determination of the following:
- if streambed substrate soil texture class was sand
or boulder, 100% of the streams had a downstream
SEV < 7;
- if streambed substrate soil texture class was 80100% sand, 80% of the crossings had a downstream
SEV < 7;
- if streambed substrate soil texture class was loamy
sand, 81% of the crossings had a downstream
SEV < 7;
- a greater percentage of silt leads to a greater proba
bility for exceeding a downstream SEV of 7 during
the crossing; specifically,
0-20% silt composition, 29% of crossings with a
downstream SEV > 7,
21-40% silt, 42% of crossings with a downstream
SEV > 7, and
41-60% silt, 89% of crossings with a downstream
SEV > 7.
Based on these results it is apparent that grain size
has a profound effect on SEV. In this case, the effect is
probably a result of two factors:
1. silt particles that have an optimum surface area
to mass ratio such that they remain suspended in
water for an extended duration (up to 48 h) and
weigh enough to significantly increase TSS, and
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2. streams with a high percentage of silt are predes
tined to extended crossing duration due to the struc
tural properties of silt.
Since SEV is calculated using average TSS and cross
ing duration, it is not surprising to find that the ma
jority of stream crossings where SEV exceeded seven
were places where the synergistic, and in many cases
interdependent, effects of low flow and fine textured
soil material were realized. As a result of this in
teraction, any conditions mandating crossing streams
during periods of "low flow" probably resulted in
crossings with an increased probability of exceeding an
SEV of seven.
Newcombe and Jensen (1996) indicate that their
SEV scale ranges from moderate to severe habitat
damage, which "can be characterized in biological or
physical terms." The scale is based on a meta-analysis
of 80 published, and adequately documented, reports
on fish responses to suspended sediment in streams. It
begins with nil effect and progresses to 100% mortality.
One of the model's assumptions is that the SEV scale
represents "proportional differences in true effects."
While effects might be progressive and proportional,
it is unlikely that a singular SEV value can be chosen
and applied uniformly to a variety of species and habi
tats to represent the onset of adverse habitat impacts.
Newcombe and Jensen (1996) state, "the distinction be
tween moderate and severe habitat damage is a matter
of degree that still has not been delineated exactly" and
continue by indicating that the "boundary between
short-term and long-term reductions in feeding suc
cess (the major difference between an SEV of 4 and 8)
is two hours."
Regardless of the threshold SEV where "adverse
impacts" are realized, it is unlikely that an SEV of 7
caused long-term damage to fish populations or habi
tats. As previously stated, "long term reductions in
feeding rate," an SEV of 8 on Newcombe and Jensen's
scale, could actually be reductions that persist for as
little as two hours. Furthermore, based on visual ob
servations, streambed composition typically returned
to pre-construction conditions within one week or less,
or following the first significant storm event. Repeated
visits to completed stream crossings indicated that
observable construction generated sedimentation was
not present two-weeks to one month after a crossing
was completed. Given these observations, it follows
that while a calculated fishery impact might have tem
porarily exceeded a seven, long-term impact to fish
or their habitat was highly unlikely. Based on visual
observations, and empirical SEV data, it is likely that
long-term impacts would not be observed until at least
an SEV of 8 or 9 is reached.

RECOMMENDATIONS AND CONCLUSIONS

The objective of the NHDES turbidity monitoring cri
teria (Special Condition 12) was to determine com
pliance with state water quality standards and to
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minimize and predict fishery impacts. The monitoring
program was successful in meeting these objectives.
While the turbidity monitoring program confirmed
that in-stream construction causes short-term increases
in turbidity, consideration should be given to revis
ing future monitoring programs to collect potentially
more significant data. For example, instead of equal
resources being devoted to all sites, even greater re
sources might be devoted to identified waterbodies
that support significant fisheries, while less significant
fish or aquatic resources might be the subject of lesser
efforts and expenditures.
The results of this monitoring program revealed
that turbidity is not an appropriate surrogate for total
suspended solids. The relationship between turbid
ity (NTU) and TSS varied by at least one order of
magnitude depending on the stream, and rarely fol
lowed the approved algorithm TSS = 1.6 * NTU. The
NTU/TSS relationship was particularly poor at shal
low (<5 cm), low-flowing watercourses where collec
tion of a representative sample was problematic. In
order to accurately assess fishery impacts, monitor
ing must be conducted at streams characterized by
adequate depth (>5 cm) and flow rates such that repre
sentative samples can be obtained. TSS measurements
should always be taken in favor of turbidity (NTU),
and used in management decisions.
An SEV value of 9, the beginning of Paralethal Ef
fects according to Newcombe and Jensen (1996), seems
to better represent the threshold where suspended sed
iments begin to have a significant effect on fish. We
base this observation on species-specific scientific lit
erature, visual estimation of how quickly sediment
flushes from an area following initial sedimentation,
and results from this study.
Pipeline construction across a given waterbody usu
ally follows an orderly sequence of events. However,
waterbody crossing dynamics can be differentially af
fected by channel substrate, surrounding hydrology
(e.g., wetland complexes and water table height), and
other variable factors such as weather. Any of these
factors, operating independently or synergistically, can
complicate construction activities, which may result
in unpredictable and/or prolonged in-stream distur
bance. Consequently, any monitoring program intend
ed to assess construction disturbance on fishery re
sources must allow enough flexibility to accommodate
dynamic field conditions. More specifically, rigid spa
tial and temporal specifications for sample collection
(i.e., collecting samples at one or two hour intervals)
can result in an under- or overestimation of actual
impacts because sampling is not frequent enough to
detect periodic disturbances. To accurately assess con
struction impacts, sampling protocol should be devel
oped with the recognition that sample collection must
be closely tied to field observations of in-stream con
struction disturbances.

Turbidity monitoring personnel, environmental in
spectors, and third party inspectors acknowledge that
every reasonable effort should be made to expedite
waterbody crossings and minimize the overall dura
tion of in-stream disturbance. As evidenced by SEV
values and visual observations, waterbody crossings
that occurred over an extended duration had the great
est observable effect on fishery resources and in-stream
turbidity. Activities designed to mitigate impacts, but
which create longer instream disturbances, are counter
productive.
The individual efforts of pipeline personnel to min
imize in-stream disturbance carmot be overempha
sized. Increased attention to insure that dam and
pump-around discharge is adequately diffused is one
example where right-of-way construction personnel
can play an integral role in minimizing impacts to
fishery resources. In addition, increased communica
tion between foremen, spread supervisors, and turbid
ity monitoring personnel enhances the ability to ef
fectively monitor in-stream construction disturbances
and ultimately protect valuable fishery resources.
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Theoretical Modeling of Suspended Sediment,
Turbidity Dynamics, and Fishery Impacts during
Pipeline Construction across Streams
H. Wayne Harper and Roger Trettel

State water quality agencies typically impose turbidity standards on pipeline construction
across waterbodies primarily because it is a widely used water quality measurement, is easy
to determine in the field, and provides instantaneous feedback to regulatory persoimel. Often,
regulatory personnel will use turbidity data to infer fishery impacts. Turbidity, however, has
a lesser biological effect on fish than does its often-related measurement, suspended sediment.
Portland Natural Gas Transmission System (PNGTS)/Northern Ecological Associates, Inc. (NEA)
used established engineering models and grain size analysis to conduct a detailed study of
turbidity and suspended sediment dynamics caused by pipeline construction across streams.
To predict total suspended sediment (TSS) distribution and transport, PNGTS/NEA developed
scenarios for typical waterbody crossings by assuming representative stream characteristics
including: width, cross-sectional area, bed composition, mean velocity, estimated transport
distances, material lost during exca\'ahon, and the increase in suspended solids expected
downstream of the crossing. PNGTS/NEA used sediment grain size analyses that were collected
from representative stream crossings as input parameters in the model. PNGTS/NEA's estimates
were then input into Trow's 1996 model to estimate sediment dispersion for three stream
types: low, medium, and high energy. Predicted suspended sediment values were then used
to determine lethal and sublethal fishery impacts using Newcombe and Jensen's mathematical
model which assigns a Severity of 111 Effect (SEV) value for fish species guilds based on dose
(TSS/ml) and duration (hours) of exposure. The results of this analysis were used in negotiations
with state regulatory personnel to help describe potential realistic fishery impacts, rather than
hypothetical effects that may be caused by elevated turbidity values.
Keywords: Water quality, stream disturbance, mixing zone, sediment grain size distribution, best
management practices (BMPs), turbidity, TSS, sediment transport modeling

INTRODUCTION

The creation and expansion of linear facilities such
as pipelines and roads necessitates traversing waterbodies, rivers, and streams and therefore normally
requires some level of in-stream construction activ
ity. Construction within a waterbody will inevitably
suspend sediments in the water column. As a result,
state and federal agencies often attach suspended sed
iment or turbidity water quality regulations to permits

Environm ental Concerns in Rights-of-W ay
M anagem ent: Seventh International Symposium

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

authorizing in-stream activity. With pipeline construc
tion in waterbodies, crossing techniques have been
developed to minimize the magnitude and duration of
suspended sediment events. However, even with the
implementation of Best Management Practices (BMPs),
any in-stream construction operations will result in a
temporary increase in sediment loads and turbidity
within a waterbody higher than natural background
levels for at least a short time period. This technical
report has been prepared to convey the following key
points:
- Normal pipeline construction through waterbodies
creates short-term levels of suspended sediments
and turbidity greater than that allowed by most state
water quality regulations;
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- Case studies of recent pipeline construction projects
and basic sediment transport modeling demonstrate
the realistic levels of turbidity that can be expected
during construction; and
- Impacts to fisheries and aquatic biota will not be
adversely affected by the short-term nature of the
turbidity created by pipeline construction.

increases in suspended sediment concentrations and
turbidity levels during in-stream construction are de
termined by:
- Size of waterbody crossing;
- Flow volume and velocity;
- Construction activity;
- Sediment particle settling rates.

CHARACTERISTICS OF TURBIDITY AND
SEDIMENTATION

REVIEW OF SEDIMENT-RELATED WATER QUALITY
STANDARDS AND CRITERIA

Turbidity

Regulation of the input of sediment into waterbod
ies attributable to pipeline construction activities has
been achieved through defining allowable construc
tion methods and time frames within construction
permits. In some states, numerical turbidity restric
tions have been incorporated into permit conditions
in order to ensure the application of permit condi
tions defined for a given watercrossing. These values
are generally based on state water quality guidelines.
Flowever, most state water quality regulations pertain
ing to turbidity were originally developed for use with
chronic long-term point-source discharge situations.
The use of these criteria without some adjustment for
the short-term nature of construction projects may be
a mis-application of the basic concepts behind their
original intent (Trow, 1996). Some states have recog
nized that during in-stream construction there are no
practicable means to maintain turbidity levels to typ
ical regulation levels developed for chronic exposure
situations. Acknowledging that their water quality
regulations do not appropriately address the short
term impacts associated construction activities within
waterbodies, some states have modified their water
quality standards and/or mixing zone criteria.

The American Public Ffealth Association defines tur
bidity as an optical property of water wherein sus
pended and some dissolved materials such as clay,
silt, finely divided organic and inorganic matter, plank
ton, and other microscopic organisms cause light to
be scattered and absorbed rather than transmitted in
straight lines. More simply, turbidity is a measure of
the "cloudiness" of water or other fluids. Turbidity is
measured using a nephelometric method with turbid
ity values presented in nephelometric turbidity units
("NTUs"). Nephelometry is a measure of light extinc
tion measuring the light scattered at a 90° angle by
suspended particles.
Sedimentation

Suspended solids (or sediment) are the portion of the
sediment load within a waterbody which can be trans
ported via suspension (mainly clays, silts, and fine
sands). The component of the suspended load that will
settle out rapidly is defined as the settleable solids
portion. Settleable solids refer to particles that settle
out quickly from suspension. Settleable solids can ei
ther remain in-place indefinitely, or move downstream
mainly via bedload transport processes. Suspended
sediments are typically classified as silt-clay particles
less than 62 microns in diameter. Conversely, particles
larger than these are considered settleable solids.

ANTICIPATED TURBIDITY DURING PIPELINE
CONSTRUCTION

Sediment suspension during construction

An impact of pipeline construction is the temporary
generation of a plume of suspended solids and turbid
water to downstream reaches of the watercourse. Lev
els of suspended solids increase rapidly at the onset
of in-stream activity. Flowever, pipeline installations
do not generate uniform periods of high-suspended
concentrations downstream. Instead, discrete peaks of
high-suspended sediment concentrations occur corre
sponding to activities such as trench excavation, trench
dewatering, and backfilling. During these time periods
of peak suspended sediment concentrations, turbidity
values may reach levels ranging from several hundred
to several thousand NTUs. When construction stops
and the streambed is no longer disturbed, suspended
sediment levels typically recede to near ambient con
ditions. The magnitude and duration of downstream

To document the magnitude of suspended sediments
and turbidity that typically can be expected during
pipeline construction, this section provides two re
cent case studies that review turbidity monitoring
programs conducted during the construction of the
Florida Gas Transmission-Phase III Expansion and
the Pacific Gas Transmission-Pacific Gas & Electric
Pipeline Expansion projects. The experience in these
case studies, which were located in the southeast and
western United States, reveals that exceeding chronic
exposure turbidity threshold levels simply cannot be
avoided during construction. Additionally, sediment
transport analyses for "Wet" and "Dry" waterbody
crossings were performed to simulate anticipated sus
pended sediment and turbidity levels that can be ex
pected in New Flampshire.
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Case study 1: Florida Gas Transmission — Phase III
Expansion

The Florida Gas Transmission Company (FGT) —
Phase III Expansion Project (Expansion) consisted of
the construction of approximafely 600-miles of nat
ural gas pipeline throughout Florida during 1994 and
1995. Following existing ROWs to the greatest extent
practicable, the mainline route, which was relatively
parallel to the coastline, crossed hundreds of waterbodies through Florida.
Surface water quality regulation variance
During the permitting process, FGT petitioned the
Florida Department of Environmental Protection
(PDEP) for a variance of the existing state water qual
ity standards for turbidity and criteria for mixing
zones during the construction of its Phase III Expan
sion Project for Class B waterbodies (PDEP, 1993). The
FDEP, acknowledging the fact as stated in the petition,
that "there is no practicable means known or avail
able for the adequate control of the pollution involved
(turbidity)," granted the petitioner temporary variance
from the Plorida Administrative Codes regulating mix
ing zones and turbidity. The variance issued by the
PDEP to PGT for pipeline construction activities within
waterbodies had the following major components:
- The mixing zone to be utilized during pipeline
construction activities within waterbodies shall be
expanded from 150 to 800 m downstream of the
crossing;
- Turbidity levels at the end of fhe mixing zones shall
not exceed 1000 NTUs above natural background
levels for more than 12 consecutive hours;
- Turbidity levels at the end of the mixing zones shall
not exceed 3000 NTUs above natural background
levels for more than 3 consecutive hours; and
- Within 5 days after the begiiming of trenching, tur
bidity levels at sampling points located 150 m down
stream of the crossing shall not exceed 29 NTUs
above natural background levels.
It should be noted that the 1000 and 3000 NTU tur
bidity values were deemed necessary by both PGT and
the PDEP due to fine sediment conditions typically en
countered below grade throughout many portions of
Plorida. Turbidity resulting from these formations can
be significant as the fine sediment has extremely small
particle size and mass. Although the actual turbidity
values utilized in the PGT variance may not necessar
ily be applicable to other states, the overall framework
of stratified turbidity levels, time windows, and mix
ing zone lengths contained within this variance reflect
a mechanism that allowed the construction to proceed
while providing some level of environmental protec
tion.
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Turbidity monitoring program
Throughout construction of the Expansion, PGT was
required to conduct a turbidity monitoring program.
As documented in the "Intent to Grant Variance"
issued by the PDEP, this monitoring program consisted
of the following components:
- Turbidity sampling shall take place at the end of
the mixing zone and within 150 m of the impact
site (within the mixing zone), downstream of the
construction activities, within the visible plume.
- Sampling at the end of the mixing zone shall be
conducted twice daily, during the morning and af
ternoon work periods, and additionally during the
daylight hours of each rainy day, during the rain
event or within 3 h following the rain event. Sam
pling at 150 m shall be conducted once daily, during
work periods. If any turbidity sample exceeds 600
NTUs within the mixing zone, hourly sampling shall
continue at that site until turbidity levels drop below
600 NTUs.
PNGTS/NEA were able to obtain a small portion
of this turbidity sampling data from the PDEP re
flecting typical pipeline construction activities within
minor waterbodies during October, 1994 (FGT, 1994).
Data from four streams reveals that, upon initiation
of construction activities, turbidity levels increased
between 110 and 1100 NTUs above background condi
tions. Following completion of the in-stream activities,
these elevated turbidity levels quickly dropped and
approached background levels within a few hours.
Case Study 2; Pacific Gas Transmission-Pacific Gas &
Electric Pipeline Expansion

During the summer of 1992, Pacific Gas Transmis
sion ("PGT") and Pacific Gas & Electric ("PG&E")
expanded their natural gas pipeline system by loop
ing an approximate 700-mile section that ran from the
Canadian-United States border near Eastport, Idaho
to the Central Valley of California. The construction
process involved numerous waterbody crossings in
cluding eight "w et" crossings of the Moyie River along
a 13-mile section of pipeline immediately south of the
Canadian-United States border in Boundary County,
Idaho. The information provided in the following sec
tions was obtained from the Data Summary Report on
Short-Term Turbidity Monitoring o f Pipeline River Cross
ings in the Moyie River, Boundary County, Idaho: PGTPG&E Pipeline Expansion Project, March 1994 ("MoyieReport").
Surface water quality regulations for turbidity

As part of project's Section 401 Water Quality Certifi
cation, the Idaho Division of Environmental Quality
("IDEQ") established water quality monitoring re
quirements for turbidity, which included the follow
ing:
- Turbidity will be the water-quality parameter mea
sured.
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- Measurements will be taken immediately upstream
and 600 feet downstream of the trenching activity.
The upstream location will be far enough upstream
to be unaffected by construction and will allow
background turbidity to be measured. A best pro
fessional judgement of 600 feet downstream was
determined by IDEQ as the distance required for
dissipation on the basis of the permit for what the
IDEQ considered to be an analogous river crossing
in California (the upper Sacramento River cross
ing permit issued by the Army Corps of Engineers,
Sacramento).
- The downstream turbidity is not to exceed back
ground turbidity by more than 50 nephelometric
turbidity units (NTUs) instantaneously or 25 NTU
averaged over a 10-day period.
Revised IDEQ requirements
The turbidity plumes that were generated by construc
tion of the first two crossings of the Moyie River (#8
and #6) did not behave as anticipated by the IDEQ, and
revisions to the sampling protocol were developed to
better characterize the sediment plumes. The following
observations were documented by the Army Corps of
Engineers and the IDEQ:
- The plume was more persistent than expected, dis
tinguishable as far as the confluence with the Koote
nai River, 9-23 miles downstream from the crossing
activities (depending on the crossing location).
- Poor mixing 600 feet downstream precluded repre
sentative sampling of the plume at that location.
- Turbidity levels were much higher than the IDEQ 50NTU instantaneous standard.
In response to these sediment distribution observa
tions, IDEQ changed the sampling protocol to obtain
more representative measurements. Additionally, in
response to levels of turbidity in excess of the 50 NTU
standard, experimental BMPs, which are typically not
utilized during pipeline construction, were developed
by the construction contractor and applicable federal
and state agencies before the start of each of the re
maining crossings.
Tiirbiditi/ monitoring results
Turbidity levels were measured from samples collected
at regular time intervals utilizing automatic samplers
at each Moyie River crossing. Peak turbidity levels,
which can be associated with excavation and backfill
ing, are summarized in Table 1.
A comparison of statistical analysis results, utilizing
flow weighted averages, indicates a similar turbid
ity level verses time pattern between the EGT and
PGT/PG&E projects. Turbidity values rose quickly
with the initiation of pipeline construction activities
and declined with the completion of the work efforts.
Within 24-h of restoration of the stream banks, tur
bidity levels were generally the same as upstream
background conditions.

Table 1. Moyie River pipeline crossing peak turbidity levels
Moyie river
crossing number

8
6
4
5
2
1
3

Peak turbidity levels (NTUs) at ~600'
dow’nstream of crossing
Associated with
Associated with
excavation
backfilling
214
743
1060
683
1181
2652
1200

155
225
660
398
1783
424
1400

Report conclusions
Provided below is a summary of the main components
of the conclusions and recommendations documented
in the Moyie Report.
- Mixing of suspended sediments across the river
cross-section was not uniform 600 feet to up to
0.5 mile downstream of the crossings. This uneven
mixing presents a problem when trying to take
samples representative of the overall turbidity.
- The turbidity plumes observed were extremely per
sistent. The plumes generated at the northern cross
ings (#1, #2, #3, and #4) had turbidity levels far
above the IDEQ standards, even after they had trav
eled several river miles downstream. Less is known
quantitatively about the persistence of the plumes
generated by the southern crossings (#5, #6, #7, and
#8), but visual observations suggest that they were
as persistent as the other plumes.
- Dissolved-oxygen concentration and temperature of
the water downstream of the crossing construction
were not affected by in-stream construction activi
ties.
- However, several of the "experimental" BMPs ap
peared to be ineffectual when field tested and were,
by consensus, discarded at later crossings.
Sediment transport analysis for “wet” waterbody
crossings

In an effort to assess the magnitude of sediment trans
port and turbidity that would occur in New Hamp
shire waterbodies crossed by the proposed PNGTS
North-Section Eacilities and PNGTS/Maritimes &
Northeast Joint Eacilities (collectively herein referred
to as the "Projects") using the open cut or "wet"
method, the PNGTS/NEA have conducted sediment
transport analysis using computer simulations. The
computer model utilized was developed following the
methodologies for sediment transport assessment as
presented in the Waterbody Crossing Design and Instal
lation Manual - Appendix C, ("Model") (Trow, 1996).
This model predicts particle transport distances, zones
of deposition, depth of sediment deposition per zone,
and expected suspended solids increase at down
stream zone intervals. Provided in the following sec
tions are documentation of input data development.
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Table 2. Summary of waterbodies crossed by the projects in New Hampshire
Waterbody
type
Major
Intermediate
Minor

Criteria
definition
width > 100'
10' < width < 100'
width < 10'

Number of
waterbodies
6(1)
46
227

Average width
(feet)

Average depth
(inches)

Average side
slope ratio

Average cross-sectional
area (ft)(^)

237.7
22.7
4.5

38.2
16.9
6.5

1:1
1:1
1:1

786.2
37.7
3.3

Excludes the Piscataqua and Connecticut Rivers.

Table 3. Summary of sediment grain size distributions
Waterbody
Number of crossing locations
Total number of samples analyzed
Clay composition
Silt composition
Fine-sand composition
Medium-sand composition
Coarse-sand composition
Fine-gravel composition
Course gravel composition

Androscoggin river

Presumpscot river

Great works river

3
9
0.88%
6.46%
22.59%
20.76%
8.91%
26.78%
13.62%

2
8
12.41%
12.58%
29.54%
30.87%
4.97%
8.53%
1.10%

2
8
15.28%
18.80%
28.98%
34.19%
1.42%
1.26%
0.07%

Major Waterbody
"High-Energy"

Major Waterbody
"Low-Energy"

Intermediate & Minor
Waterbodies

0.001-0.075 mm
0.001-0.075 mm
0.075-0.420 mm
0.42-2.00 mm
2 .0 ^ .8 mm
4.8-19.0 mm
19-75 mm

Computer model waterbody classifications with
corresponding sediment grain size distributions

sediment transport calculation methodologies, result
ing output data, and interpretation of the results.
New Hampshire waterbody classifications
To develop scenarios of "typical waterbodies crossed"
by the Projects in New Hampshire, a statistical analysis
of the comprehensive waterbody crossing table was
conducted. This Table was presented for the applicable
portions of the Projects in the permit filings that
were submitted to the New Hampshire Energy Facility
Evaluation Committee ("EFSEC") and Federal Energy
Regulatory Commission (FERC). This information is
summarized in Table 2.
Sediment grain size distributions
In addition to the dimensional characteristics of the
waterbodies crossed, substrate composition data was
also needed as input to the computer model. Since
existing substrate data from within these waterbod
ies was not available, the PNGTS/NEA substituted
substrate composition data collected during a sedi
ment sampling program performed on several rivers in
Maine during August, 1997. The waterbodies sampled
in Maine have characteristics similar to those crossed
in New Hampshire. In general, most waterbodies in
the region have substrates consisting of glacial till
with surface characteristics determined by site-specific
flow regimes. Therefore, waterbodies with comparable
size and flow regime types can be expected to have
similar substrate compositions. During the summer
of 1997 the PNGTS/NEA conducted the Maine Sedi
ment Sampling Program ("Program") at the proposed
pipeline crossings of the Androscoggin, Presumpscot,

and Great Works Rivers in Maine. Sediment grain size
distribution was one of the parameters for which these
waterbodies were analyzed. A summary of the particle
distribution data from this Program is provided in Ta
ble 3. Comparative analysis of the size and flow regime
type for these three waterbodies was also conducted
for the purpose of assigning sediment grain size dis
tributions to New Hampshire waterbody categories
during computer modeling. Based on this representa
tive comparison, each of the three major categories of
waterbodies was correlated with a particle distribution
as indicated in Table 3.
Major "High-Energy" and "Low-Energy" waterbodies are contrasted by their substrate compositions.
"High-Energy" waterbodies contain higher propor
tions of heavy sediment particles such as cobbles
and sands, while "Low-Energy" waterbodies contain
higher proportions of light sediment particles such as
silts and clays.
Particle settling velocities
Settling velocities for various particle sizes were pre
sented in the Model. However, the data provided did
not cover the entire sediment grain size distribution
range that was documented from the Program. There
fore, a linear regression analysis of this relationship
was conducted to develop an equation to expand the
range for which data were available. The resulting
equation, Y = (0.122529)X — 0.003806, had an
of
0.9988 and a standard error of coefficient of 0.002999.
Sediment transport distances

Sediment transport distances were calculated within
each waterbody category for each limiting particle size
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Table 4. Summary of pipeline trench physical characteristics within waterbodies
Characteristic description

Value

Units

Average
Average
Average
Average
A\’erage

3
2
6.8
0.8:1
13.2

m
m
m
square m

72.44
6.91
1.36

m
m
m

30
12
8

h
h
h

3.34<^>
6.67<-'')

%
%

lo.oo*-*)
13.33'3)

%
%
%
%

trench
trench
trench
trench
trench

depth
bottom width
top width
side-slope ratio (horizontahvertical)
cross-sectional area

Average length for major waterbody
Average length for intermediate waterbody
Average length for minor waterbody
Major waterbody in-stream disturbance duration
Intermediate waterbody in-stream disturbance duration
Minor waterbody in-stream disturbance duration
Sediment volume
Sediment volume
Sediment volume
Sediment volume
Sediment volume
Sediment volume

lost
lost
lost
lost
lost
lost

from
from
from
from
from
from

trench
trench
trench
trench
trench
trench

at
at
at
at
at
at

= 0.2
Va = 0.4
Va = 0.6
= 0.8
Va = 1 0
Va = 1.2

m/s
m/s
m/s
m/s
m/s
m/s

utilizing the (Trow, 1996) equation L = {(D)(V,i)}/^s.
where: L is a transport distance (m); D is a depth of
flow (m); V,! is an average streamflow velocity (m/s);
and V"s is a settling velocity (m/s). Calculations for
each waterbody category were generated with a range
of streamflow velocities to simulate flow regimes that
typically could be encountered in New Hampshire.
The section of the waterbody between the "minimum
particle size distance value" and the "maximum parti
cle size distance value" for each defined particle type
represents the zone of deposition for that particle type.
Sediment distribution characteristics
Utilizing the physical characteristics of each typical
waterbody type, sediment transport distances, and
physical characteristics of the pipeline trench, sedi
ment distribution profiles were calculated as a function
of streamflow velocity. Table 4 summarizes the physi
cal characteristics of the pipeline trench and waterbod
ies, in-stream disturbance durations, and sediment loss
percentages used for these calculations. Suspended
solid values generated by the model are calculated
as averages and do not reflect peak values associated
with excavation and backfilling. Specifically, the model
disperses the sediment loss volume evenly through the
time period of construction disturbance within the wa
terbody.
Suspended solids concentration to turbidity level
conversions
In an effort to expand the usefulness of the Model,
the final output as suspended solids concentration
was converted into turbidity levels (NTUs). Although
direct correlation between suspended solids and tur
bidity must be determined on a site-specific stream
basis, streams of similar substrate composition generallv have similar correlations. The PNGTS/NEA

16.67R>
20.00*’ )

obtained correlation equations (personal communica
tion Scott Reid, Colder Associates, 1997), which are
provided below, for waterbodies in western Canada
that have similar glacial till substrate characteristics.
These equations were developed by Colder Associates
during extensive monitoring of eight pipeline con
struction crossings of five waterbodies. The resulting
turbidity vs. suspended solids relationships from these
equations were averaged and plotted. The averag
ing equation and plot were then modified to have
a Y-intercept ~ 0, which represents suspended solids
concentration of 0 mg/1 equal to turbidity level of 0
NTU. NTU = {(TSS)(0.880387)) + 0.001946 (modified
averaging equation).
Summary and interpretation of computer modeling results
As previously mentioned, sediment distribution pro
files were generated utilizing the Model for typical
major "high-energy," major "low-energy," intermedi
ate, and minor waterbodies crossed by the proposed
Projects in New Hampshire. The integral components
of this analysis consisting of:

Input Parameters:
- sediment grain size distributions;
- particle settling velocities;
- physical characteristics of the typical waterbody
types;
- physical characteristics of the typical pipeline con
struction trench within a waterbody;
- average stream velocities representing various flow
regimes; and
- proportional sediment loss ratios.
Output Parameters:
- a sediment transport distances for various particle
sizes;
- sediment loss proportional to average stream veloc
ity;
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Table 5. Sediment transport characteristics calculated at various distances downstream of "wet" waterbody crossing
Parameter

Major
"high-energy" waterbody

In-stream disturbance
30
duration (h)^
0.2 0.4 0.6 0.8 1.0 1.2
Average stream velocity
(m/s)
6.56 feet (2 m) downstream of pipeline crossing
29/ 48 W \ 86 108
Turbidity levels (NTUs)
11
Suspended solids
::13
:-:,-54„„
:98 123
concentration (mg/1)
Depth of sediment (mm)
25 ■ 46 : 5 8
77 92 110
Total sediment loss
54
:VT63 217 270 325::
(metric tons)
1000 feet (304.8 m) downstream of pipeline crossing
Turbidity Ivels (NTUs)
1
6
8
11 12
3
Suspended solids
0.9 3.8 6.5 8.9 12 14
concentration (mg/1)
Depth of sediment (mm)
<0.:1 0.7 1.0 1.3 1.4 T.5
2000 feet (609.6 m) downstream of pipeline crossing
Turbidity levels (NTUs)
1
2
4
6
9 11
Suspended solids
0.8 2.8 4.3 6.8 9.7 12
concentration (mg/1)
Depth of sediment (mm)
<0. 1 <0.;1 0.2 0.6 0.9 1.0
3000 feet (914.4 m) downstream of pipeline crossing
4
Turbidity levels (NTUs)
0.5 2
3
6 10
Suspended solids
0.6 2.6 3.8 5.0 7.3 11
concentration (mg/1)
Depth of sediment (mm)
<0. 1 <0.;1 <0.1 <0.11 0.3 0.6

Major
"low-energy" waterbody

Intermediate
waterbody

12

30
0.2

0.4

20 48
:23„ . 55:

Minor
waterbody

0.6 0.8 1.0 1.2

0.2

0.4 0.6 0.8 1.0 1.2

0.2 0.4

0.6

0.8

1.0

1.2

78 106 135 164 92 207 357523 705 878 235:560:: v972: ::1421 1861 2316
89 121 153 186 105 254 406 595 ::®l 998 267'636: ^ Tiii::3H i .2115 2633

:23 43 46 48 :S0/i:68:,/::50
^54:::: 107 163 217 270
5.2

88 101 89:: m
10 16 21 ^m

111/ 22 78
m i: 1.0 2.0

48: 76 128
240 7 .■los:.:::201:: :298 362 467
54/ 86:) : 145:208 273 8.4 119: ::229<:: i p : : 411 531

3
3.8

8
9.3

IS 26 35 43
21 30 40 49

0.1

0.5

1.4 1.6 i'TS' 1.9 0.1

0.2 0.7 l;2 2 ® :2;6

3
3.1

7
8.5

12 20 29 37
14 23 33 42

8
9.5

37 66 95 123T B :
15
4 2 75 108 140 m
— 17

0.1

0.1

0.2 0.8 1.1 1.4

<0.11 0.1- 0.1 0..1 : M

2
2.4

7
7.7

11 15 22 :
12 17 25/'

<0.;1 <0.11 0.1: 0.1 0.4 0.8

18
21

_

i m IH i/ :224 243
3.1/ 4.1 1.1. 6.1

:o.i

0

0.2

0.3 : i i i i 0.4

112:
304 383
127 ©7^ 346 435

— <0.1

—

27 55 85^^T i l kI43 _ _
:162:. — —
31 63 97;

_

0.1 0.1 0.1

;:oiT/0;14 _ _

0.4

=0;2^ 0.3

0.3

724 i i i s 218 297
254

l.tn ^^248 338

<0.1-:ii/: 0.1: 0.1

The data provided in this table represent average values calculated over the duration of construction disturbance. Actual in-stream values are
expected to be instantaneously higher at some point during the construction process.
Shaded areas indicate sediment transport regimes which exceed turbidity levels of 10 NTUs.
(— ) Turbidity plume dissipated before reaching indicated distance downstream of pipeline crossing.
^In-stream disturbance duration indicates the amount of time the equipment will actually be trenching and creating disturbance during the
crossing. Actual pipe installation and restoration may take considerably longer.

- area of deposition for various particle sizes;
- depth of sediment for various deposition zones;
- suspended solids concentrations at downstream dis
tances; and
- turbidity levels at downstream distances (obtained
from correlation equations).
The results of the modeling effort for "w et" wa
terbody crossings, which are summarized in Table 5,
represent average values calculated over the dura
tion of construction disturbance. This table documents
sediments transport characteristics at distances of 6.7,
1000, 2000, and 3000-feet, respectively. The 6.7-foot lo
cation represents conditions that occur at the pipeline
crossing. The 1000-foot location represents the maxi
mum allowable mixing zone length as stipulated in the
Standards and Conditions. The 2000 and 3000-foot lo
cations were generated for comparison purposes and
represent conditions farther downstream of the cross
ing point. The actual in-stream turbidity values are
expected to be instantaneously higher and lower at
various points during the construction process. Specif
ically, the results indicate the following:

- Turbidity levels of <10 NTUs cannot be attained
2 m downstream of a pipeline crossing regardless of
waterbody type or stream velocities.
- At the end of a 1000' mixing zone, turbidity levels
range from 1 to 467 NTUs. Turbidity levels of <10
NTUs can be attained at the slow to moderate stream
flow regime major waterbody crossings, none of the
intermediate waterbody crossings, and at only the
slowest streamflow minor waterbody crossing.
- At the end of a 2000' mixing zone, conditions im
prove only slightly over the 1000' levels, with tur
bidity levels ranging from 1 to 383 NTUs. Turbidity
levels of <10 NTUs attained at all but the fastest
flow "high-energy" major waterbody, the two slow
est flow regime "low-energy" major waterbodies,
the slowest flow intermediate waterbody, and the
slowest streamflow minor waterbody.
- At the end of a 3000' mixing zone, conditions are
similar to the 2000' levels, with turbidity levels rang
ing from 0.5 to 297 NTUs. Turbidity levels of <10
NTUs attained at all of the "high-energy" major wa
terbodies, the two slowest flow regime "low-energy"
major waterbodies, the slowest flow intermediate
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Table 6. Summary of modified sediment transport analysis input parameters
Characteristic description

Value

Units

Intermediate waterbody "in-stream flush" duration
Minor waterbody "in-stream flush" duration

1
1
O.lU
0.22-'^
0.33-*
0.44-'*

hours
hours
%
%
0/
/o
0/
/o
0/o
/
0/o
/

Sediment volume
Sediment volume
Sediment volume
Sediment volume
Sediment volume
Sediment volume

lost
lost
lost
lost
lost
lost

from
from
from
from
from
from

trench
trench
trench
trench
french
trench

at V,, = 0.2 m/s
at
= 0.4 m/s
at
= 0.6 m/s
at
= 0.8 m/s
at Vj = 1.0 m/s
at
= 1.2 m/s

waterbody, and the two slowest streamflow minor
waterbodies.
Based on the modeling results, the majority of the
major, intermediate, and minor waterbodies proposed
for "wet" crossings could not be crossed without ex
ceeding the New Hampshire 10 NTU water quality
standard at the end of the 1000-foot mixing zone at
some point in the construction process. This would
occur despite using approved industry standard tech
niques and BMPs.
Sediment transport analysis for “dry” waterbody
crossings

Certain waterbodies, typically those less than 10-feet
in width may be suitable for crossing using the flumed
or pump-around "dry" crossing method. To assess the
magnitude of sediment transport which would oc
cur in New Hampshire waterbodies crossed using the
"dry" method, the PNGTS/NEA modified the sedi
ment transport analysis presented earlier. Because it
is impracticable to conduct a dry crossing of a ma
jor waterbody, modeling for this size class was omit
ted. Although it is generally infeasible fo conduct dry
crossings of intermediafe waferbodies, furbidify levels
were calculafed for comparison purposes. Although
the same calculation algorithms were utilized, selected
input parameter values were modified fo represent
the "quick-flush" which occurs after a "dry" crossing
is complete and water barriers around the construc
tion work area are removed. This "quick-flush" flow
regime is very different from that which occurs during
"wet" crossing and is characterized by very turbulent
and high energy initial impact which suspends most of
the sediments in a concentrated time period. A sum
mary of the modified input parameters is provided in
Table 6.
Summary ami interpretation o f computer modeling
Review of model outputs for the sediment transport
characteristics between the "w et" and "dry" waterbody crossings, indicates they have very similar aver
age turbidity values at comparable sediment transport
distances. However, for "dry" crossings the volume of
sediment loss and the duration of the turbidity plume
is minimal in comparison. As previously stated, the
results of the modeling effort for "wet" and "dry"

0 ,5 5 2

0.66’

waterbody crossings represent average values calcu
lated over the duration of construcfion disfurbance. It
should be noted that the turbidity produced with ei
ther crossing method will have peak values associated
with certain construction activities. These activities in
clude excavation and backfilling for "w et" crossings
and water barrier removal for "dry" crossings. Specif
ically, the modeling results for "dry" crossings, as
summarized in Table 7 indicafe the following:
- It is expected that New Hampshire water quality
levels for turbidity can be maintained at the end of
the 1000-foot mixing zone as per the Standards and
Criteria during the trenching and pipe installation;
- Minimal amounts of total sediment removal as com
pared to "wet" crossings; and
- Turbidity levels will be elevated in manner similar
to "w et" crossings, but only for the approximate 1-h
"quick flush" period. Specifically, turbidity levels
can be expected as follows:
- Turbidify levels of <10 NTUs cannot be obtained
2 m downstream of a pipeline crossing regardless of
waterbody type or stream velocities.
- At the end of a 1000' mixing zone, furbidity lev
els range between 8 and 129 NTUs. Turbidity levels
of <10 NTUs can be obtained at none of the in
termediate waterbody crossings, and at only the
slowest streamflow minor waterbody crossing. Re
sults would be even less favorable at the end of a
500-foot mixing zone.
Based on these results, the Applicants believe that
it may be possible to maintain the required turbidity
standard during the construction process of typical
minor waterbody crossing. However, the 10 NTU
turbidity standard would typically be exceeded for a
short period during the restoration period.

IMPACTS TO AQUATIC BIOTA

This section addresses potential impacts to aquatic
biota caused by suspended solids and turbidity in a
watercourse. Although substantial research has been
done, impacts are variable depending upon nature
of pollutant, duration of exposure, fype of organism,
water temperature, and season of the year. This section
focuses on review of several recent studies performed
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Table 7. Sediment transport characteristics measured at various distances downstream of "dry" waterbody crossing
Parameter
Post-disturbance "flush-time" (h)
Average stream velocity (m/s)

Minor waterbody

Intermediate waterbody*^*

1

1
0.2

0.4

1.0

0.2

1.2

0.4

0.6

0.8

1.0

1.2

0.6

0.8

6.56 feet (2 m) downstream of pipeline crossing
Turbidity levels (NTUs)
88
36 :
Suspended solids concentration (mg/1)
41
TOO
Depth of sediment (mm)
1.7;:
2.9
Total sediment loss (metric tons)
0.35 :
0.15

140
159
3.2
0.50

204
275
232
-313^
1:7
3.3
0.70 ; 0.85

343
390
2.1
1.0

1000 feet (304.8 m) downstream of pipeline crossing
19
Turbidity levels (NTUs)
8
Suspended solids concentration (mg/1)
8.5
21 :
<0.1
Depth of sediment (mm)
;<o.i

30
34
<0.1

71 :
50
57
81 ■
< 0 .1 : O.L

94
107
0.1

2
2.2
<0.1

14^
■;:18.:.
78 / 103
16;:: . JO . ;; 89 . . ;ii7 ,
<0:1
;< 0 , l :: <0.1

129
146
<0:1

2000 feet (609.6 m) downstream of pipeline crossing
3
15
Turbidity levels (NTUs)
Suspended solids concentration (mg/1)
3.8
17
<0.1
Depth of sediment (mm)
<0.1

26
29
<0.1

37
42
<0.1

48
55:
< 0T

,60
68
::S:0.1:

—
—
—

4
4.5
<0.1

29
33
<0.1:

53:
62

79
90 ;
/::M0.1,„

105
11:9::
<6.1

3000 feet (914.4 m) downstream of pipeline crossing
It :
Turbidity levels (NTUs)
—
Suspended solids concentration (mg/1)
—
12 :
Depth of sediment (mm)
: <0.1
—

22
25,
<0.1

33 :
38
<0.1

44
55
50:^^ :: 63
<0.1
<0-1

—
—
—

—
—
—

6
6.5
<0.1

32

56
<64

82,::::
93
<0.1

■
:

62
: 107
251 : 370/
70
, 121
420“
285
: '5 :0 ;; 7.0
0,7
0:05 ^ 0.05
0.10 : 0.1S;:

< tt

<0.1

484
603
685
550
8,0 : 8.0:
:0;,1S ; 0.20

:<o.i

The data provided in this table represent average values calculated over the duration of construction disturbance. Actual in-stream values are
expected to be instantaneously higher at some point during the construction process.
Shaded areas indicate sediment transport regimes, which exceed turbidity levels of 10 NTUs.
(—) Turbidity plume dissipated before reaching indicated distance downstream of pipeline crossing.
(^^Dry crossings of intermediate waterbodies are not typically feasible due to width and flow constraints.

specifically to attempt to quantify impacts to fishery
resources caused by various levels of suspended solids
and turbidity.
Introduction

Studies on the effect of sediments on fish and other
aquatic organisms are extensively reviewed in Ander
son et al. (1996). Various studies have shown that there
is no easily defined concentration of suspended sed
iment above which fisheries are damaged and below
which fisheries are protected (Alabaster and Lloyd,
1982; cf. Anderson et al., 1996).
Anderson et al. (1996) indicate that the response of
biological receptors to environmental stresses is com
plex. Many factors may influence the actual severity of
effect that are caused by a sediment release episode,
including:
- characteristics of the particles suspended;
- temperature of the water; and
- the existing stress level within the receiving environ
ment.
Despite the difficulties associated with quantifying
impacts to aquatic resources, Newcombe and MacDon
ald (1991), Newcombe (1994), Newcombe and Jensen
(1996), and Anderson et al. (1996) have developed the
oretical models in an attempt to provide guidelines or
criteria for the protection of fish populations.
Analysis and discussion
PNGTS/NEA utilized models and analytical tech
niques developed by the above-mentioned authors to

attempt to quantify impacts to fisheries that may be
created by construction of the proposed pipeline and
its resultant suspended sediment and turbidity. The
analysis attempted to evaluate impacts to fisheries
that may occur immediately downstream of the con
struction zone and at the end of the New Hampshire
Department of Environmenfal Services ("NHDES")
proposed 1000-foot mixing zone. Suspended sediment
concentrations calculated herein using sediment data
from the PNGTS Maine sediment sampling program
along with anticipated exposure duration data (24,
36, and 72 h) were used to predict the potential im
pact of suspended sediment episodes on fish life his
tory stages. For each life history stage. Severity of
Effect (SEV) classifications (Table 1 from Newcombe
and Jensen 1996) were estimated for each of four age
class/sediment size categories and one habitat cate
gory (Anderson et al., 1996):
- Juvenile and Adult Salmonids (particle sizes 0.5250 pm);
- Adult Salmonids (particle sizes 0.5-250 pm);
- Juvenile Salmonids (particle sizes 0.5-75 pm);
- Eggs and Larvae of Salmonids and Non-Salmonids
(particle sizes 0.5-75 pm);
- Adult Freshwater Non-Salmonids (particle sizes 0.575 pm);
- Habitat Effects.
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T a b le 8 . S c a l e o f s e v e r i t y f o r i l l e f f e c t s a s s o c i a t e d w i t h s u s p e n d e d
s o lid s
SEV #

D e s c r ip tio n o f e ffe c t

N il e f f e c t

0

N o b e h a v i o r a l e f fe c ts

1

A la r m re a c tio n

2

A ban d on m en t o f cover

3

A v o id a n c e r e s p o n s e

B e h a v io ra l e ffe c ts

4

S h o r t -te r m r e d u c tio n in fe e d in g r a te s ;
S h o r t -te r m r e d u c t io n in fe e d in g s u c c e s s

5

M in o r p h y s io lo g ic a l s tr e s s :
in c r e a s e in th e r a te o f c o u g h in g ;
in c r e a s e d r e s p ir a tio n r a te

6
7

M o d e r a te p h y s io lo g ic a l s tr e s s
M o d e r a te h a b it a t d e g r a d a tio n ;
Im p a ir e d h o m in g

4

S h o r t -te r m r e d u c t io n in fe e d in g r a te s ;
S h o r t -te r m r e d u c t io n in fe e d in g s u c c e s s

5

M in o r p h y s io lo g ic a l s tr e s s :
in c r e a s e in th e r a te o f c o u g h in g ;
in c r e a s e d r e s p ir a tio n ra te

6
7

M o d e r a te p h y s io lo g ic a l s tr e s s

8

I n d ic a t io n s o f m a jo r p h y s io lo g ic a l s tr e s s ;

M o d e r a te h a b it a t d e g r a d a tio n ;
Im p a ir e d h o m in g
lo n g -te r m r e d u c t io n in fe e d in g r a te ;
lo n g -te r m r e d u c t io n in fe e d in g s u c c e s s ;
p o o r c o n d itio n

L e th a l a n d p a r a l e t h a l e f f e c t s

9

R e d u c e d g r o w th ra te ;

a n d R. T rettel

may occur due to the levels of suspended solids and
turbidity created by a typical wet crossing. However,
no paralethal or lethal effects on salmonids and nonsalmonids are anticipated 1000 feet from the source
of disturbance.
- One of the assumptions of fhe models is that fish
would remain in the turbidity plume and be sub
jected to the various levels of suspended sediments
for extended periods of time. In reality, it can be ex
pected that fish will display the avoidance response
to the extent possible and vacate the areas of highesf concentrafions. Eurthermore, if can be expected
that peak levels of turbidify will nof extend beyond
48 h, thus fewer effects are anticipated. In the case of
"dry" crossings, turbidity plumes will be extremely
brief in durafion (<1 h), thus having an insignificant
effect on fishery resources.
- Pofential paralefhal effects could occur to salmonid
and non-salmonids eggs and larvae (Newcombe and
Jensen, 1996). However, the construction window
imposed by the EERC of June 1-September 30 avoids
the period when most eggs or larval fish will be
present in the waterbody, thus substantially mini
mizing the effect of suspended sediment and turbid
ity and habitat degradation due to silt deposition.
Furthermore, sediment transport modeling indicates
minimal silt deposition particularly for "dry" cross
ings.

D e la y e d h a tc h in g ;
R e d u c e d fis h d e n s ity
10

0 - 2 0 % m o r ta lit y ;

SUMMARY AND CONCLUSIONS

I n c r e a s e d p r e d a t io n ;
M o d e r a te to s e v e r e h a b it a t d e g r a d a tio n

13

> 20-40To m o r ta lit y
>40-60'>o m o r ta lit y
>60-80‘lo m o r ta lit y

14

> 8 0 - 1 0 0 % m o r ta lit y

11
12

SEV estimates were made for multiple waterbody
types (Major High and Low Energy, Intermediate, and
Minor), stream velocity (0.2-1.2 m/s), and fish family
(salmonid or non-salmonid) for each of the categories
above using the multiple regression model developed
by Newcombe and Jensen (1996). The model was run
assuming the performance of a wet crossing, with
periods of furbidity extending for up to 72-h. The
model was not used to predict impacts associated with
the 1-h turbidity event that would occur with a "dry"
crossing. Generalized habitat effects were predicted
using the multiple regression model developed by
Anderson et al. (1996). Table 8 presents a 0-14 scale of
the severity of ill effects in relation to four major classes
of effect as presented in Newcombe and Jensen (1996).
The four major classes of effect include: nil effect;
behavior effects; sublethal effects; and lethal effects.
Results and conclusion

- The results of the modeling show that moderate
behavioral effects to salmonids and non-salmonids

States water quality standards and criteria related to
turbidity and mixing zones are primarily applicable
to long-term point discharges of pollutants that have
the potential to result in significant degradation of
water quality. Short-term discharges associated with
temporary construction activities such as pipeline con
struction do not fit well with the standards and criteria
related to turbidity and mixing zones.
Well-documented case studies on recent pipeline
construction projects show that turbidity levels during
normal stream crossing activities typically exceed the
states turbidity standards even when applying all
appropriate Best Management Practices. Various states
have recognized the difficulty of applying turbidity
standards designed for long-term point discharges
to the short-term disturbances caused by pipeline
construction, and have attempted to identify allowable
tolerances, mixing zones, and time windows to enable
the construction process to proceed.
The analysis contained herein demonstrates the
following basic conclusions:
- Sediment transport modeling using sediment data
and stream size/flow characferistics applicable to
the New Hampshire project area predict temporary
turbidity levels significantly higher than the New
Hampshire turbidity standard at the end of the al
lowed mixing zone. Even when utilizing the most
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protective dry crossing techniques, sediment trans
port modeling predicts exceeding on a short-term
basis the 10 NTU turbidity standard.
- Recent research on predicted suspended sediment
and turbidity impacts to fishery resources show that
impacts to fishery resources can be expected to be
generally minor and short term. The sediment trans
port modeling predicts that the turbidity levels gen
erated during pipeline construction of the projects
were not expected to have a significant effect on
aquatic resources.
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An Investigation into the Influence of Marine
Pipelines and Cables on Benthic Ecology and
Biodiversity
Randal G. Glaholt, Michelle Nunas, and Stacey Ong

In sta lla tio n o f b o tto m -fo u n d e d m a rin e p ip elin es a n d cab les in v o lv e s a n in itial d istu rb a n ce
u su a lly re su ltin g in th e c re a tio n o f a n e w lin e a r s u b stra te . T h e effect o f th ese tw o ele m e n ts
o n th e e c o lo g y o f b e n th ic o rg a n ism s a n d m a rin e b io d iv e rs ity d e p e n d s o n facility sitin g , d e sig n
c h a ra cte ris tics o f th e facility, c o n stru c tio n m e th o d s a n d th e re c e iv in g e n v iro n m e n t. W h ile
c o n sid e ra tio n is g iv e n to d ire c t c o n stru c tio n -re la te d im p a c ts , th e b io lo g ica l c o n se q u e n c e o f th e
c re a tio n o f n e w lin e a r s u b stra te o n feed in g , re p ro d u c tio n , p re d a tio n , d istrib u tio n a n d d isp e rs a l
o f b e n th ic o rg a n ism s h a s fo r th e m o s t p a r t re c e iv e d little a tten tio n . T h is p a p e r e x p lo re s th e
p o te n tia l fo r m a rin e p ip e lin e s a n d ca b le s to im p a c t sp e cie s m o v e m e n t an d d isp e rs a l, h ab itat
a v ailab ility , b o u n d a r y la y e r e co lo g y , p re d a tio n a n d th e m a rin e a c o u stic e n v iro n m e n t. D a ta are
a n a ly z e d b a se d o n a v ailab le lite ra tu re , la b o ra to ry sim u la tio n , in situ field m e a s u re m e n ts a n d field
in sp e ctio n . D ata fro m la b o ra to ry s tu d y su g g e s ts p ip e lin e s c a n a c t as b a rrie r s to th e m o v e m e n t o f
s o m e b e n th ic sp e c ie s (e .g ., c ra b s ), an effect lik ely m e d ia te d b y s e v e ra l b io lo g ica l a n d p h y sica l
fa c to rs. T h e e x te n t to w h ich o th e r re s id u a l e c o lo g ica l o r h y d ro lo g ic a l b a rrie rs m a y o c c u r is
u n cle a r. A s a s o u rc e o f n e w h a rd su b stra te , p ip elin es a re re a d ily c o lo n iz e d b y a v a r ie ty o f
se ssile m a rin e o rg a n ism s a n d so a c t a s artificial reefs. D u rin g a re c o n n a iss a n c e o f a n e x p o s e d
m a rin e p ip e lin e in te m p e ra te c o a sta l w a te rs o f B ritish C o lu m b ia , a m in im u m o f 2 4 sp e cie s
o f e n cru s tin g o rg a n ism s a n d a s so cia te d fish sp e c ie s w e re re c o rd e d . A c a se c a n b e m a d e th a t
p ip e lin e s affect b e n th ic c o m m u n itie s th ro u g h a lte ra tio n o f b o u n d a ry la y e r p ro c e s s e s , n e a r b o tto m
c u rre n t d y n a m ic s a n d in d u ce d sco u r. D a ta o b ta in e d o n p ip elin e n o ise a n d o b s e rv e d p ip elin e
co lo n iz a tio n b y n u m e ro u s b e n th ic o rg a n ism s s u g g e s t p ip elin e n o ise p e r se, is n o t a d e te rre n t
to c e rta in in v e rte b ra te c o m m u n itie s. T h e effect o f e le c tro m a g n e tic ra d ia tio n fro m ca b le s is
u n re so lv e d . R e c o m m e n d a tio n s a re m a d e c o n ce rn in g facility sitin g , c o n stru c tio n p ro c e d u r e s an d
fu tu re re se a rch .

K eyw ords: M a rin e p ip e lin e s, b e n th ic e c o lo s y s te m , b io d iv e rs ity , D u n g e n e ss cra b , s e a c u c u m b e r

INTRODUCTION

Installation and operation of marine pipelines and
cables has been undertaken globally for over 50 years.
It is likely that well in excess of 200,000 km of marine
pipeline and cable have been installed globally. Up to
and including 1998, there were s»46,046 km of marine
pipeline installed in the Gulf of Mexico alone (Oil and
Gas Journal, 1999). Marine pipelines occur in mosf

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m
J.W . G o o d r ic h -M a h o n e y , D .F . M u t r ie a n d C .A . G u ild (e d ito r s )
© 2 0 0 2 E ls e v ie r S c ie n c e L td . A ll r ig h t s r e s e r v e d .

offshore oil and gas producing areas while cables are
more broadly distributed. Marine cables are typically
small diameter (e.g., <10 cm), while marine pipelines
can reach 122 cm in diameter and may be installed in
water depths exceeding 2000 m. Pipelines are typically
trenched or buried in shallow water to protect them
from natural and human physical damage, for thermal
protection as well as to reduce interference with coastal
ecosystems and fisheries. In deeper waters pipelines
and cables are typically laid on top of the substrate,
this may also be done to minimize risk associated with
seismic events. While typically avoided, imsupported
"free spans" on marine pipelines can occur where there
are irregular bottom contours. In some cases these
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spans require supports, which may include steel jack
up supports, grout bag supports and/or articulating
concrete mattresses. Burial may involve replacement of
trench spoil, allowing natural in-fill of the trench, rock
dumps, or use flanges or "spoilers" which can facilitafe
self-burial in certain instance.
Concern over the environmental consequences of
marine pipeline construction and related activities has
primarily focused on the potential to physically re
move or damage sensitive benthic communities (e.g.,
seagrass beds or corals), sediment generation, poten
tial for accidental release of hydrocarbons or other
contaminants and interference with commercially im
portant fisheries (Essink, 1999; and US Environmental
Protection Agency, 1980). Increasing concern over the
maintenance of ecological integrity and biodiversity of
marine environments as well as pipeline related issues
raised by the public (e.g., suggesting pipelines may act
as barriers) suggest further ecological examination of
marine pipelines and cables is warranfed. This paper
explores fhe potential for marine pipelines and cables
to act as barriers to the movement of benthic organ
isms, to act as artificial reefs, conduits for genetic ex
change and species introduction, as well as their poten
tial influence on marine ecosystems through boundary
layer effects, pipeline scour and noise. Not withstand
ing their potential for generation of electro-magnetic
field effects, cables can be considered essentially small
diameter pipelines.

METHODS

This investigation relied on literature review, internet
search, communication with other research institu
tions, laboratory simulation, in situ field measurements
and field inspection. Details of the experimental com
ponent and field measurements are provided below.
Pipeline crossing experiment

A laboratory experiment was conducted at the Gov
ernment of Canada, Fisheries and Oceans Canada
(DEO) West Vancouver Laboratory, British Columbia
to examine the response of Dungeness crab (Can
cer niagister), California sea cucumber (Parastichopus
californicus) and green sea urchin (Strongylocentrotus
droebachiensis) to segments of 53 cm, outside diameter
(OD), concrete coated pipe. Of particular interest was
to determine if Dungeness crab, California sea cucum
ber and green sea urchin were physically capable and
or behaviorally inclined to cross pipe segments that
were either 100% exposed or 50% exposed. The ex
perimental test period was kept relatively short (e.g.,
72 h for each experimental run) in order to maximize
the opportunity for experiment replication. In regard
to run duration, it was believed more germane that
the organism in question did or did not cross the pipe
within a relatively short period of time than a longer

period of time. Crossing in a longer period of time
would be less likely to rule out a potentially signifi
cant ecological effect caused by a delay in movement.
The experiment was conducted between May 1, 2000
and June 28, 2000. Four, 4000-litre tanks were leased
from the DEO West Vancouver Laboratory. Continuous
water exchange was provided by a flow-through sea
water system. A cylindrical pipe segment 2.1 m long
was placed in the middle of three of the four tanks on
a 10 cm sand base. Two of these pipes were left to lie
on the sand surface fo represent a 100% exposed ma
rine pipe segment. In the third tank, additional sand
was added to leave the pipe 50% exposed above the
sand. The fourth tank was used as a control and had
a 10 cm sand base. During an initial trial run of the
experiment it was determined that the crabs would at
times crawl on top of each ofher in the corner formed
by the pipe and the curved wall of fhe fank and get
over the pipe. In order to defeat this problem, plastic
panels were placed against the pipe to create a wall,
which extended 40 cm along the pipe from the tank
wall and approximately 100 cm vertically.
Crabs were obtained from a commercial crab fisher
man fishing in the vicinity of Cowichan Bay, Safellite
Channel and Plumper Sound along the southeast coast
of Vancouver Island, Canada. Collections of female
crabs were done under a Licence to Fish for Scientific, Ex
perimental or Educational Purposes issued by DEO. Males
were significantly larger than females (Mann Whitney
U = 238.0, n = 244 male, 103 female; P < 0.001). Each
crab was given a identifying number, applied with
permanent waterproof marker, and then randomly as
signed to one of the four tanks. Ten crabs were placed
on the same side of each tank. Four crab experiments
were conducted: commercial-sized (carapace width >
16.5 cm, mean = 18.4 cm, SD = 1.15) male crabs with
and without attractant and female crabs (mean cara
pace width = 14.9 cm, SD = 1.13) with and without
attractant. Due to time limitations on facility availabil
ity, the female — attractant experiment was terminated
after the first run. All tanks were kept covered through
out the experiment except when the viewing panels
were opened to determine which side of the pipe each
crab was on. Crabs were acclimated in the control tank
for approximately 24 h before being assigned to a treat
ment. Each run lasted 72 h, with tanks monitored at
4-h intervals for the first 12 h and then at 6-h intervals
thereafter. Each experiment was run three times using
new crabs on each run. For the attractant experiments,
fresh squid was placed in a perforated, sealed plastic
container anchored to a concrete block placed in each
tank.
Statistical analysis was done using SPSS Version 9.
A Kolmogorov-Smirnov test was used to determine
whether crab size and number of crossings were nor
mally distributed. Crab size was not normally dis
tributed where both genders were combined but was
normally distributed where genders were separate.
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The number of crossings was not normally distrib
uted whether genders were combined or separate.
Due to departures from normality associated with
the number of crossings, non-parametric tests were
used [Mann-Whitney, Kruskal-Wallis "test" (Sokal
and Rohlf, 1981)]. Logistic regression was used to fur
ther examine the relationship between crab size and
probability of an individual crossing the experimental
pipeline segments while regression analysis was used
to examine the relationship between crab size and total
number of crossings.
The same experimental design was used to examine
the response of California sea cucumber and green
sea urchin to the pipe. It became very apparent these
two echinoderm species were capable and inclined to
readily traverse all surfaces in the tank including the
pipe segment, tank walls and plastic corner guards. A
suitable barrier material to force these two species to
either cross the pipe or remain confined to one side
of the tank was not found in the time the tanks were
available. Data was obtained on substrate occupation
for these 2 species over 12 observation periods for
one 72-h experimental run. Observed vs expected
frequency of substrate occupation was examined using
Chi square analysis. Observations were corrected for
available surface area. Area available for tank walls
was 7.6 m^, for 100% exposed pipe area 2 m^ and for
sand bottom 4.7 m^. An underwater video camera was
used to obtain video documentation of each species
response at the end of the experiment.
Epifaunal colonization of an existing pipeline

An underwater survey was conducted of two existing
25.4 cm diameter, epoxy coated, marine pipelines
located in the nearshore environment of the Strait of
Georgia, British Columbia on June 22, 2000. Three
divers examined an approximate 80 m segment of pipe
at depths ranging from 25 to 43 m. A high-resolution
color video camera was used to record the surveyed
section and facilitate subsequent species identification
and cover analysis.
Gas pipeline acoustic signature measurement

Measurements of acoustic frequency and energy were
taken at 1, 5, 10, and 15 m above one of two high
pressure pipelines referred to above, on June 21, 2000.
Ambient water temperatures were in the range of
approximately 12°C at the time of sampling. The
pipelines acoustic signature was measured using a
broadband acoustic sampler/data logger on loan from
the DFO, Institute of Ocean Sciences in Sidney, British
Columbia. The sampler and hydrophone assembly
had a full bandwidth frequency range of 5.4 Hz to
22,050 Hz and a 44,100 Hz sampling rate. Full 22.5 dB
gain was used for all recordings and ~ 3 -5 minutes of
data were recorded at each location/depth. Reference
ambient noise levels were recorded approximately
1000 m away and a similar distance offshore for
comparative purposes.
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RESULTS AND DISCUSSION
Pipeline crossing experiment

Results of the laboratory experiment to examine the
response of Dungeness crab, California sea cucumber
and green sea urchin to a 53 cm OD concrete coated
pipeline are summarized in the sub-sections which
follow.
Commercial-sized male crabs — No attractant
There was a slightly significant (Fisher's Exact Test;
P = 0.055) decrease in the percentage of adult male
crabs crossing the 100% exposed pipe (81.8%; 54)
compared with the control tank (96.9%; 31) while
there was no significant difference (Fisher's Exact Test:
P = 1.000) in the number of male crabs crossing the
50% exposed pipe segment (93.9%; 31) compared with
the percentage crossing the control tank (96.9%; 31).
Eollow-up tests indicate that there was significantly
(P < 0.001) more crossings (includes multiple crossings
by the same individual) of the control tank than
for tanks with 100% (P = 0.001) and 50% exposed
pipe segments (P = 0.005) by commercial-sized males.
Similarly there was significantly more crossing of the
50% exposed pipe than 100% exposed pipe (P = 0.013).
Commercial-sized male crabs — Attractant vs. no
attractant
There were no significant differences (P > 0.05) be
tween number of crossings, the percentage of indi
viduals crossing, or percentage of individuals crossing
within the first 24 h vs. the remaining 48 h, for males
when an attractant was and was not present for the 100
and 50% exposed pipe segments.
Female crabs — No attractant
A significantly smaller percentage (33.3%; 17) of female
crabs crossed the 100% exposed pipe segment com
pared with the percentage crossing the control tank
(96.3%; 26). Conversely there was no significant dif
ference in the percentage of females crossing the 50%
exposed pipe (88.0%; 22) when compared with the per
centage crossing the control tank (96.3%; 26).
Males vs. females — No attractant
There were significantly more (P < 0.05) male cross
ings overall and individual males that crossed the
100% exposed pipe than females. Eor the 50% exposed
pipe there were significantly more (P < 0.05) male
crossings as well, however, the percentage of individu
als that crossed was not significantly different (Fisher's
Exact Test: P = 0.642). There were no significant dif
ferences (P > 0.05) between males and females for the
number of crossings or the percentage of individuals
crossing in the control tank.
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Time to cross
For males in the 100% exposed pipe treatment, 61.5%
(no attractant) and 60% (attractant) crossed in the first
24 h. For the 50% exposed pipe 75.9% (no attractant)
and 82.1% (attractant) of crossed within the first 24 h.
A slightly higher percentage crossed the control tank
(76.7% with no attractant; 89.3% with attractant). For
males in the absence of an attractant, there were no
significant differences (Pearson sfatistic, P = 0.265)
befween treatments in the time to cross. With an
attractant present there was a significant difference
(Pearson stafisfic, P — 0.011) between treatments in
time to cross.
In the case of females (only tested in the absence
of an attractant), 57.9% crossed the 100% exposed
pipe segment in the first 24 h compared with 45.8%
for the 50% exposed pipe and 66.7% for the control
tank. For females, differences in time to cross between
treatments were not significant (Pearson statistic, P =
0.323 exposed pipe treatment (82.1%) compared with
the 100% exposed treatment (60%).
Crab size as a predictor o f crossing success and frequency
The results of the regression determined that for a
100% exposed 53 cm OD pipe segment, crab size was a
highly significant (P < 0.001, Nagelkerke R-squared =
0.306) predictor of fhe probabilify of crossing such
thaf fhe larger the crab, the higher the probability of
crossing. The low Nagelkerke R-square value indi
cates other substantive factors likely also contribute to
crossing success. The relationship is expressed by the
following equation:
g | - 9 .6 .3 0 + 0 .6 0 7 ( r i ') |

Probability of a given:
crab crossing

1 -I- e l - 9 .6 3 0 + 0 .6 0 7 ( ;c ) | '

where zv is a carapace widfh.
A 16 cm carapace width crab would, by this model,
have a probability of crossing of P = 0.52. For the 50%
exposed pipeline crab size is not a significant predictor
(P = 0.399) for the probability of crossing. It is likely
that both the significance and r-squared values would
increase if a broader size range of crabs examined.
The data indicate that crab size is also a significant
(P < 0.001, r-square = 0.258) predictor of fhe number of
times a crab will cross a 100% exposed, 53 cm diameter
pipe segment. The low r-square value suggests other
substantive factors likely contribute to number of
crossings by an individual. The relationship is given
by the equation:
No. Crossings = —4.927 + 0.366(rc)Solving for zero suggests the minimum size to
cross the pipe would be >13.5 cm carapace width.
For the 50% exposed pipe segment the r-squared
coefficient was substantively reduced though crab size
was still a slightly significant predictor (P = 0.0498)
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of the number of crossings by an individual. Again,
experimentation on a broader size range of crabs
would likely increase the significance and r-squared
values.
Videotape taken of the Dungeness crabs at the
end of fhe experiment documented both successful
and unsuccessful attempts at climbing the pipe sur
face (Fig. 1). In addition to actively crossing the pipe
many individuals used the sand-pipe interface and
sand-tank interface for cover. Where the pipe was chal
lenged, failure to climb the pipe appeared related to
difficulty to obtain a claw hold on the concrete. It is
anticipated that natural colonization of a newly in
stalled pipeline by marine organisms (e.g., tubeworms,
encrusting sponges, and corals) would reduce the sig
nificance of this effect on Dungeness crab over time.
While possible, it is not a given that particularly small
crabs will have more difficulty traversing a pipe or
cable. Surface irregularities and roughness may be am
plified for smaller crabs as fheir claw size and mass
is reduced, and as such, they may have less difficulty
within some size range. The overall barrier effect on
crabs is likely mediated by diameter of the pipe, the
amount of pipe exposed above grade, the inherent and
acquired surface roughness and the size of crab in
volved. The consequence of any potential obstruction
effect on Dungeness crab, and others, can also be ex
pected to be tempered by the nature and frequency of
"free span" sections that may develop as a result of
scour or occur naturally as a result of seabed irregu
larities.
Sea cucumber and green sea urchin

An attempt was also made to experimentally exam
ine whether a 53 cm OD concrete pipe, would inhibit
the movement of California sea cucumbers and green
sea urchins. If was apparent these two species could
and would readily cross the exposed pipeline as well
as traverse all tank surfaces. Sea cucumber exhibited
a statistically significant (P < 0.001) greater frequency
of association with the tank walls than either the sand
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bottom or concrete coated pipe while green sea urchins
showed a significantly (P < 0.001) greater frequency
of association with the concrete coated pipe than the
sand bottom or tank walls (in all cases observations
were corrected for an equal availability of surface area
for each of the three options (tank walls, sand bot
tom and pipe segment). The tube feet associated with
echinoderms provide these organisms with a capac
ity to climb both very smooth and rough surfaces.
Organisms which rely on suction or surface tension
for locomotion (e.g., echinoderms, nudibranchs and
snails) are, in the absence of an ecological avoidance
response to hard-bottom substrate, likely to have no
difficulty traversing a pipe segment.
To the extent pipelines and cables are not colonized
and/or are particularly smooth, a barrier effect may
deter some organisms from optimizing their feeding,
predator avoidance, and reproductive strategy. Softbottom adapted motile organisms would in certain
instances have to "run the gauntlet" across substrate
which may harbor predators. The pelagic nature of
the reproductive cells/gametes and or eggs and larvae
of most marine invertebrates and vertebrates suggests
that they would be relatively unaffected by a linear, rel
atively low profile structure such as a marine pipeline
or cable. However, where these biotic elements depend
on either boundary layer phenomenon or near surface
drift for dispersal or transport of essential nutrients
(e.g., benthic algal drift) some effect could occur (see
also the pipelines as corridors for genetic exchange and
species dispersal section). The magnitude of this latter
effect would be strongly mediated by a number of hy
drological, biological and design elements. Given their
typically much smaller diameter, marine cables and
fiber optic lines can be expected to have a negligible
barrier effect relative to large diameter pipelines.
Pipelines as artificial reefs

Bottom-founded marine pipelines and cables create
a new source of hard-bottom substrate available for
colonization by marine biota and share characteristics
and issues in common with other artificial reefs and
hard-bottom substrate community complexes. The two
structural habitat types potentially associated with
these installations involve an exposed pipe or cable
segment and a nearshore segment typically covered by
a rock dump layer. The latter may not be present where
the pipeline has been deep buried in native sediments
or installed using a horizontal directional drill.
This study examined a pair of exposed, epoxy
coated steel pipelines off the coast of British Columbia
using underwater video. The pipe was examined nine
years after installation. During the reconnaissance,
a total of 24 species of invertebrate, vertebrate and
algal species were positively identified growing on and
in close association with the pipeline (Fig. 2; Table 1).
Sixteen species of conspicuous macro-benthos were
recorded on the adjacent soft-bottom habitats. More
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Fig. 2. Sponges and calcareous tube worms colonizing sections of
two small marine pipelines, nine years after construction.

species of fish were recorded in association with the
pipe than either the gravel/boulder cap or adjacent
soft-bottom substrate. The most conspicuous biotic
elements associated with the pipe were calcareous
Serpidid tube worms, which were estimated to cover in
excess of 50% of the lateral surface of the pipe segment
from 25 to 43 m depth and encrusting coraline algae
and sponges. Colonization by calcareous tube worms
appeared restricted to the sides and bottom of the pipe.
This may be attributable to sediment build up on the
pipe, though this factor did not preclude colonization
by anemones, boot and cloud sponge and crinoids.
The observed presence of cloud and boot sponges
was likely contributing to habitat suitability along
the pipe for fish species such as quillback rockfish
{Sebastes maliger), copper rockfish (Sebastes caurimis)
and cabezon {Scorpaenichthys marmoratus) which were
also observed. The largest cloud sponges observed
had grown to over 20 cm in the nine years since
pipeline construction. The gravel and boulder cap ar
eas observed at above 25 m depth were colonized by
a slightly different assemblage of species. This area
was notable in providing suitable substrate for a va
riety of seaweeds including sugar wrack kelp and an
introduced Sargassum species. This area had been pre
viously colonized by eelgrass. Even small diameter
marine phone cables can provide sufficient hard sub
strate to promote establishment of alternate species
assemblages. For example, the marine telephone ca
ble located in an area dominated by fine sediments
in the middle of the southern Strait of Georgia hosts
the anemone Metridium senile and other epilithic or
ganisms (Levings et al., 1983).
A number of researchers have reported that artificial
reefs increase food, shelter, habitat availability, and
provide a means for orientation for pelagic species
(Grossman, et al., 1997; Love et al., 1994; Bohnsack,
1989; Alevizon and Gorham, 1989). Fish appear to be
naturally attracted to suitable habitats that are less
crowded (Coll et al., 1998), conversely fish that are
inhabiting adequate environments spend little time
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Table 1. Species observed in association with a marine pipeline in the Strait of Georgia, British Columbia
Common name

Latin name
AD],

eelgrass
sea lettuce
sugar wrack kelp
sea collander
sargassum
red spaghetti seaweed
unknown bladed and branching red algae
cup and saucer sponge
red rock crust
pink rock crust
boot sponge
cloud sponge
yellow boring sponge
orange finger sponge
lophon sponge
velvety red sponge
wine-glass hydroid
white sea pen
tube-dwelling anemone
crimson anemone
white-spotted swimming anemone
tall plumose anemone
jointed tubeworm
multicoloured calcareous tubeworm
pale calcareous tubeworm
giant white calcareous tubeworm
Lewis' moonsnail
carinate dovesnail
western lean nassa
swimming or pink scallop
Nuttall's cockle
common acorn barnacle
common gray mysid
rough patch shrimp
threespine shrimp
Bering hermit
miscellaneous bryozoans
feather star
vermilion star
leather star
rose star
morning sun star
mottled star
long rayed star
purple star or ochre star
sunflower star
daisy brittle star
green sea urchin
armoured sea cucumber
white sea cucumber
giant sea cucumber
transparent tunicate
glassy tunicate
broadbase tunicate
blackeye gobie
northern ronquil
copper rockfish
quillback rockfish
tiger rockfish
kelp greenling
lingcod
scalyhead sculpin
cabezon

Z o s te r a m a r in a
U lv a c o m p le x
L a m in a r ia s a c c h a r in a
A g a r u m fim b r ia tu m
S a r g a s s u m m u t ic u m
S a r c o d io t h e c a g a u d ic h a u d ii
R h o d o p h y ta
C o n s t a n t in e a s im p le x
H U d e b r a n d ia

sp.

L it h o t h a m n iu m c o m p le x
R h a b d o c a ly p t u s d a w s o n i
A p h r o c a llis t e s v a s t u s
C lio n a c e la t a
N e o e s p e r io p s is r ig id a
lo p h o n c h e life r
O p h lit a s p o n g ia p e u n a ta
O b e lia

sp.

V ir g u la ria

sp.

P a c h y c e r ia n t h u s fim b r ia tu s
C r ib r in o p s is fe r n a ld i
S t o m p h ia d id e m o n
M e t r id iu m g ig a n t e u m
S p io c h a e t o p t e r u s c o s t a r u m
S e r p u la v e e r m ic u la r is

sp.
sp.

C r u c ig e r a
P r o tu la

P o liu ic e s le w is i
A lia c a r in a t a
N a s s a r iu s m e n d ic u s
C h la m y s

spp.

C liu o c a r d iu m n u tta llii
B a la n u s g la n d u la
un kn ow n
P a n d a lu s s te n o le p is
H e p ta c a r p u s t r id e n s
P a g u r u s b e r in g a n u s
B u g u la

sp.

F lo r o m e t r a s e r r a t is s im a
M e d ia s t e r a e q u a lis
D e r m a s t e r ia s im b r ic a ta
C rossaster p ap p osu s
S o la s t e r d a w s o n i
E v a s te r ia s tr o s c h e li
O r tlm s te r ia s k oe ltler i
P is a s t e r o c h r a c e u s
P y c n o p o d ia h e lia n t h o id e s
O p h io p h o lis a c u le a t a
S t r o n g y lo c e n t r o t u s d r o e b a c h ie n s is
P s o lu s c lu t o n o id e s
E u p e n ta c t a q u in q u e s e m it a
P a r a s tic h o p u s c a lifo r n ic u s
C o r o lla w illm e r ia n a
A s c id ia p a r a tr o p a
C n e m id o c a r p a fin m a r k ie n s is
C o r y p lio p te r u s n ic h o ls i
R o n q u ilu s jo r d a n i
S e b a s t e s c a u r in u s
S e b a s t e s m a lig e r
S e b a s t e s n ig r o c in c tu s
H ex ag ram m os d ecag ram m u s
O p h io d o n e lo n g a t u s
A r t e d iu s h a r r in g t o n i
S c o r p a e n ic h t h y s m a r m o r a t u s

Zones'
EXP.

G/B CAP.
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Table 1. (continued)
Common name

Latin name
AD].

spotfin sculpin
rock sole

Ic e lin u s te n u is

X

P le u r o n e c te s b ilin e a ta

X

Total Number of Taxa
Total Number of Unique Taxa

Zones'
EXP.

16
12

24
13

G/B CAP.

39
27

' ADJ is a soft bottom adjacent to pipeline; EXP is an exposed pipeline; G/B CAP is a gravel or boulder cap.

exploring. The suggestion being that a pipeline or
cable may help offset density dependent constraints on
certain species suited to hard-bottom substrates.
Although artificial reefs in low productivity ar
eas are readily colonized (Armstrong, 1993; Bohnsack,
1989), some fear that they may only result in a re
distribution and concentration of existing individuals,
thereby rendering the stocks more susceptible to over
fishing (Grossman, et al., 1997; Danner et al., 1994).
Others believe that when fish migrate from natural ar
eas to artificial reefs they create habitat openings for
new fish to colonize in the natural reefs resulting in
an overall increase in biomass (Love et al., 1994; Bohn
sack, 1989). It is generally assumed that there are more
larvae that are capable of settling on natural reefs than
there are resources available for settlement (Bohnsack,
1989).
Where artificial reefs are placed can affect the pro
ductivity of the artificial reef as well as the natural
habitats surrounding it (Carr and Hixon, 1997). It has
been suggested that if larvae grow better on natural
reefs but are intercepted by an artificial reef that is
placed up-current of the natural reef then the nat
ural reef's productivity may for a time decrease (Carr
and Hixon, 1997). An artificial reef may also result
in changes to the adjacent sediment through the in
troduction of the shells from fouling organisms onto
the surrounding sediment. This phenomenon was ob
served during the pipeline reconnaissance reported
above. Jones et al. (1991) provide a review of fish
predation impacts on invertebrates of coral reefs and
adjacent sediments. At the time of their study they ob
served that while many authors cite research showing
fish having an impact on a broad range of benthic in
vertebrate assemblages, the methodologies were less
than definitive. More conclusive results have been re
ported in regard to artificial reefs attracting piscivores,
which in turn have reduced the abundance of resident
fish prey species (Shulman, 1985; Hixon and Beets,
1989). This reduction may in part be offset from a
human resource use perspective by the increase in po
tential abundance of piscivorous fish. Ambrose and
Anderson (1990) found no evidence that foraging by
reef-associated fishes caused a widespread reduction
in infaunal densities near the reef and but did observe
localized decreases in the number of some species and
increases in others.

Given their geometry and surface area, pipelines
and cables represent relatively simple and non-extensive reef structure compared with more purposefully
built or installed artificial reefs. Based on experiments
in the Florida Keys, Alevizon and Gorham (1989) con
cluded that at least in some contexts, artificial reefs
can result in a marked increase in the numbers of
local resident reef fishes, without notable effects on
fishes dwelling in nearby non-reef habitats. Potts and
Hulbert (1994) noted that fish abundance was directly
proportional to artificial reef structural volume and
complexity. They also noted that as structure size and
shelter availability lessened (decreasing complexity),
baitfish abundances decreased and predator abun
dance increased.
Pipelines that are trenched or buried using native fill
will reduce the "artificial reef" effect and any benefits
or concerns arising from it. To the extent pipelines and
cables, as "artificial reefs," allow sequestering and re
circulation of nutrients and provide potential habitat
for spawn/larvae that would otherwise have been lost
to the seabed, they should increase local productivity
and biodiversity within a given area.
Pipelines as corridors for genetic exchange and species
dispersal

By providing a continuous hard substrate from one
area to another, the possibility exists that a marine
pipeline could create a linear corridor for species dis
persal and attendant flow of genetic material. In the
ory, this could result in an increase in distribution
and range in certain species and the various impli
cations associated with these changes (i.e., change in
local fauna, niche competition, introduction of a new
predator or grazer). In regard to a marine pipeline, the
primary mode of transfer would be through extension
of linear hard substrate or perhaps through transfer
of hydrostatic test water. In regard to the former there
are however, several limiting factors which would, for
certain species and environments, limit the likelihood
of this occurring. The primary limitations relate to the
reproductive biology of many marine species and the
physical and chemical barrier potentially imposed by
oceanic conditions potentially traversed by a marine
pipeline or cable.
Reproductive output and associated dispersal of
marine species includes dissemination of fragments
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(e.g., many marine algae), daughter cells (diatoms), fis
sion or clone production (e.g., sponges and bryozoans),
rhizomes (e.g., seagrasses), production of adherent
eggs, buried and or brooded eggs/larvae (many gas
tropods, fish and octopus), dissemination of pelagic
gametes, eggs and larvae (numerous species of fish an
invertebrates) (Robertson, 1991; Levinton, 1995).
In order for a pipeline to act as a potential agent
for significant new extra-limital dispersal, the species
involved would have to have a number of characteris
tics. These would include being an obligate associate
of hard-bottom substrate, rely on adherent, buried
or brooded eggs or larvae, have an adequate anti
predator and foraging requirement relative to the new
environment, and have a reasonably wide range of
tolerance for differences in its physico-chemical envi
ronmental. The second mode of transfer mentioned
(i.e., via hydrostatic test water), would require the test
section to be a significant length, and that the organ
ism involved meet all the other requirements specified
above as they pertain to the receiving environment.
Boundary layer, current and scour effects

Boundary layer effects in the marine environment oc
cur at a range of scales, wherever seawater flows over
or around a solid such as the seabed or a kelp blade, or
for example, when a solid such as unicellular plankton
falls through a fluid. The phenomenon describes the
way in which the velocity of a media around or over an
object tends to decrease closer to that surface. It is di
rectly linked to the inertial and viscose forces at work
between the object and the media that surrounds it.
The ratio of these forces is referred to as the Reynolds
Number. Typically the velocity of water around the
organism or over the surface approaches zero as you
near the surface. The thickness of the boundary layer
varies according to the velocity of the media or or
ganism and the viscosity of the medium. Within the
marine environment, boundary layer phenomenon are
most pronounced within the range of tens of centime
ters above the bottom (Mann and Lazier, 1991). This
phenomenon is important in the feeding and ecology
of benthic organisms (Mann and Lazier, 1991).
The existence of a boundary layer influences the
molecular diffusion of nutrients close to the surface
of the seabed as well as the surface of sessile organ
isms inhabiting it. It also affects the movement of
organisms (Mann and Lazier, 1991) and by extension,
the dissemination of reproductive cells (gametes and
spawn). Tidal currents have the effect of facilitating the
dispersion and transport of organic and inorganic ma
terials as well as organisms within the zone affected
by boundary layer dynamics. Tube worms, while an
chored within the boundary layer are adapted to opti
mally feed above it (Mann and Lazier, 1991). Baynes
and Szmant (1989) suggest that organisms such as
sponges may be positioned in such a manner in the
boundary layer to experience passive pumping, which
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would increase feeding efficiency and growth rate. The
growth and feeding efficiency of suspension feeding
mussels (Mytilus edulis) has been shown to be strongly
mediated by boundary layer processes (Frechette et al.,
1989).
Bottom-founded pipelines and cables, like any other
object on the seabed alter the flow of water across
the seabed and the boundary layer profile. This effect
will depend on numerous interacting factors. These
factors include the size of the pipeline or cable, its an
gle relative to the ambient current regime, the amount
of pipe exposed above the seabed surface, the rough
ness of the pipeline coating, ecological context (biota
present) and time since installation (as it affects the
organisms which may colonize the pipe surface and
extent to which the pipe may settle). The predicted
net effect is that the diversity, distribution and pro
ductivity of organisms in proximity to a pipeline or
cable can be expected to change in response to bound
ary layer effects in addition to other factors discussed
in this paper. Wilson (1991) identifies numerous stud
ies demonstrating shifts in the biodiversity of ben
thic invertebrate communities in response to sediment
disturbance and introduction or exclusion of certain
species (as would occur with creation of new hardbottom substrate and altered boundary layer regime).
At scales above boundary layer processes it is clear that
bottom-founded pipelines and cables, have potential
to alter the near bottom current regime and with this
the associated transport of nutrients and organisms.
Determining the ecological zone or magnitude of
these effects has yet to be investigated and is compli
cated by the coincident creation of new hard-bottom
substrate in the form of a pipeline or cable.
Scour effects
Jensen et al. (1990) observed that current flow over
bottom-founded pipelines on erodible seabed sub
strate will commonly result in creation of "free spans"
and "scour holes." Typically, this process is observed in
shallow water less than 45 m (150 ft) deep and in tidal
areas or deep water where "loop" currents are present
(Exley pers. comm.). Scour has the potential to impact
benthic marine ecosystems in several ways:
- physical scour of occupied soft-bottom habitats;
- scour induced re-suspension of sediment and any
associated contaminants;
- increases exposed pipe surface for colonization by
hard-bottom associated species;
- creation of free spans and scour holes that may
offset potential barrier effects caused by the original
pipeline; and
- alteration of boundary layer hydro-ecological proces
ses.
The physical and ecological magnitude of these im
pacts can be expected to vary depending on a host of
variables related to the characteristics of the pipeline,
the time since installation and the environment in

I n flu e n c e o f m a r in e p ip e lin e s a n d c a b le s o n b e n t h ic e c o lo g y a n d b io d iv e r s it y

which it is placed. The physical scour effect can be
expected to diminish with distance from the pipeline
but can range from the scale of centimeters to tens
of meters. At the same time it is not uncommon for
the dominant upstream side to collect and build up
sediment adjacent to the pipe. Studies have demon
strated relatively rapid recolonization of disturbed
soft-sediment habitat, which similar to circumstance
within terrestrial environments, leads to an initial successional pulse of opportunistic species (Wilson, 1991).
Among the consequences of scour is the translocation
of displaced sediments. Studies of response of marine
infaunal communities to sediment inundation indicate
certain species, such as mussels and oysters are rel
atively sensitive to sediment inundation while many
others are less so. Essink (1999) observes that most
macrozoobenthos will not be seriously affected as long
as sediment deposition does not exceed 20 to 30 cm.
Wulff et al. (1997) also concluded that the microbenthic community in sandy sediments has an inherent
capacity to recover after moderate deposition of fine
particle sediment. Low growing corals would likely be
smothered through sediment translocation. While pro
longed changes in turbidity can be a major problem for
corals Bohnsack (1992) short-term changes in turbidity
associated with a scour event would likely be less con
sequential.
Independent of concern over scour effects on ma
rine benthic ecosystems, pipeline and cable companies
have a strong desire to avoid the phenomenon as it
also has an influence on pipeline integrity. In addition
to efforts to avoid areas where scour may occur, other
mitigation measures may be applied. Including deep
trenching, burial with coarse material, anchoring and
installation of "spoilers" or fins on the pipe surface to
offset current-driven bottom erosion and deposition.
Pipeline noise

Sound is a communication tool used by a wide range
of aquatic and semi-aquatic animals including inverte
brates, fishes, aquatic birds, aquatic reptiles and var
ious mammals (Cowles et al., 1981; Gisiner, 1998).
Present data on the effects of noise on marine life is
far from definitive. Very few studies deal with the is
sue of noise and marine fishes. Available data supports
the idea that fish could be affected by anthropogenic
sounds (e.g., high intensity sounds can alter hearing
sensitivity in goldfish); however, there is very sub
stantial inter-specific variation in the structure of the
ears of fish, thus extrapolating results between fish
species is almost impossible (Gisiner, 1998). The effects
of anthropogenic sounds on aquatic reptiles, birds and
invertebrates is completely unknown (Gisiner, 1998).
Most research on the effects of noise in the ma
rine environment has focused on marine mammals
(Richardson et al., 1995). Gommunications frequencies,
signal intensity and response thresholds vary consid
erably between species. Any noise made by a pipeline

773

occurs against a background of both natural sources
(e.g., tectonic activity, rain, waves, wind, marine ver
tebrates and invertebrates) and anthropogenic sources
(e.g., shipping, ferry, commercial fishery boat and navy
traffic). In general, ambient noise levels are greatest at
low frequency (<100 Hz) and diminish with increasing
frequency. Shipping noises are generally considered to
be the single biggest factor contributing energy in the
region of 20-500 Hz (Gisiner, 1998). At higher frequen
cies (1-100 kHz), noise is dominated by sea surface and
wind action (Gisiner, 1998).
For the present investigation the acoustic signa
ture was measured over two parallel high-pressure
gas pipelines. The sound produced by the pipelines
had an "organ pipe" quality and had a fundamen
tal tone at 80 Hz and harmonics up to 480 Hz (Birch
et al., 2000). The spectral intensities in the peak were
approximately 72 dB (reuPa^/Hz) and approximately
10 dB lower than the ambient level. The observed,
close association of numerous invertebrates and fish
with this existing pipeline discussed previously, tends
to suggest pipeline noise in this case does not de
ter the species observed. The frequency and energy
of the sound recorded appears to also be within the
range of other biophysical processes in the marine en
vironment. At equivalent pressures, larger pipe can be
expected to produce lower resonant frequencies than
smaller pipes.

CONCLUSION

The review and studies conducted above provide in
sight into some of the less explored areas concerning
potential impacts of pipelines and marine cable fol
lowing installation. The impacts identified may act
cumulatively, be both small and or difficult to re
solve against the myriad of other factors influencing
benthic marine ecosystems and are likely of widely
variable significance. The formulation of recommenda
tions for facility siting and design around these issues
is difficult due to this uncertainty and complexity. Im
plementation of any recommendation is likely to have
substantive cost implications and require site-specific
assessment. On the positive side, costs are routinely
absorbed where they address issues that affect pipeline
integrity and coincidentally these same measures can
also address some of the environmental issues dis
cussed. Measures and practices which physically and
functionally promote a return of the benthic ecosystem
to its former state and encourage stability are generally
preferred unless there is a clear resource management
consensus for enhancement or alteration. Responsible
implementation of environmentally targeted mitiga
tion measures must reconcile the perceived or known
environmental sensitivity or value with the cost of the
measure (e.g., for trenching, burial, directional drilled
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landfalls, scour "spoilers," crossing mats, etc.), the dis
turbance and risks associated with the measure, and
the certainty around the measures effectiveness. For
example, increasing surface roughness to temporar
ily facilitate traverse of new pipe or cable by benthic
organisms in one location may increase pipeline vi
bration where there are free spans in another location.
Project-specific conditions may also reduce the concern
around a potential impact (e.g., numerous small free
spans may reduce potential barrier effects). With these
qualifications in mind, the following are some siting
and design recommendations that should be consid
ered.

RECOMMENDATIONS

Reconnaissance level surveys to identify unique or
particularly productive benthic communities should
be considered as part of any pipeline or cable route
selection. These surveys should be conducted using
a combination of side scan sonar, video recording
and or SCUBA depending on site conditions. Where
unique communities are identified, pipelines and ca
bles should be routed some distance away (e.g. > 100 m),
depending on community significance, installation
technique and pipeline design constraints. Pipelines
routed over soft-bottom substrate, particularly larger
diameter pipelines, should be installed in trenches,
with, or without native backfill replacement, to reduce
"reef effects" and potential interference with bottom
currents and benthic drift. The benefits from this mea
sure are likely greater in shallower, nearshore areas.
Directionally drilled landfalls should be incorporated
into the design wherever sensitive nearshore marine
communities are encountered. Where more substantial
migrations or concentrations of soft-bottom associated,
bottom-traveling benthic organisms are known to oc
cur and natural free spans or settlement are unlikely,
some combination of trenching, trench backfill with
native material or crossing mats should be consid
ered, particularly with larger diameter installations.
Employ design technologies which reduce scour and
encourage burial. Future research should consider the
potential for particularly large diameter installations to
act as barriers or to significantly modify benthic drift
and currents. Additional research on the acoustic and
electro magnetic effects of pipelines and cables as well
as on the variability in species colonization for vari
ous pipeline/cable coating alternatives would further
improve understanding of benthic community interac
tion with marine pipelines and cables.
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Evaluation of Low Technology Large Woody Debris
as a Technique to Augment Fish Habitat in
Streams Crossed by Transmission Corridors
Gregory C. Scarborough and Tasha Robertson

The suitability of low technology large woody debris (LWD) structures for fish habitat augmen
tation in streams crossed by transmission corridors was investigated at five stream sites (eight
structures in total) in the Greater Vancouver Area, British Columbia (BC). The structure types
included lateral logjams (n = 2), a log bank cover, a simulated root-wad, tree top revetments
(« = 2), and an upstream and downstream facing log deflector. Year 2 biological assessments were
conducted in the early and late summer of 2000. The Year 2 early summer catch results were sig
nificantly lower than Year 1 results but this was likely caused by high discharge conditions and
poor sampling conditions. The Year 2 late summer catch results, however, are more comparable
and showed an overall increase in relative fish abundance for the habitat units in which LWD
structures were placed. Fish were found associated with six out of seven structures in the late
summer sampling. One structure (lateral logjam) failed completely during winter floods and was
not investigated further in Year 2. Year 2 physical assessments of the remaining structures found
that most remained in good condition but two showed signs of deterioration and one suffered
a failed anchor. Additional monitoring of structures in Year 3 will provide better evaluations of
each structures overall success.
Keywords'. Large woody debris, fish habitat augmentation, transmission corridors, stream cross
ings, habitat compensation, riparian habitat

INTRODUCTION

Construction of transmission corridors historically in
volved the removal of all vegetation from within
the corridor, including riparian trees and sometimes
even fallen timber and debris from stream channels
(Scouras, 1999). Although this practice was acceptable
at the time, it is now well known that removal of ri
parian vegetation and in-stream debris has many dele
terious impacts on fish habitat. These include, but are
not limited to, changes in temperature regime (Brown
and Krygier, 1970; Meehan, 1970; Hetrick et al., 1998a),
physical channel (Hartman et al., 1996; Murphy et al.,
1986; Heifetz et al., 1986; Tschaplinski and Hartman,
1983), and food supply (Hetrick et al., 1998a, 1998b),
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and contribution of LWD (Bragg and Kershner, 1999;
Bryant, 1985; Knutson and Naef, 1997; Murphy and
Meehan, 1991).
Utilities are under increasing pressure from society
and environmental agencies to remediate the impacts
of on going maintenance programs on riparian habitat.
In some instances, impacts of past work practices are
also under scrutiny and habitat compensation is often
used to address this scrutiny. Consequently, right-ofway (ROW) managers must find new ways to manage
stream crossings in utility corridors. At BC Hydro,
such new management techniques focus on protect
ing riparian habitat by limiting the one-time removal
of vegetation, utilizing special vegetation manage
ment techniques and planting low growing vegetation.
While these techniques benefit bank stability, water
quality, and shading (given the correct circumstances),
it is doubtful that they lead to recruitment of LWD into
a stream.
LWD has several critical functions in a stream
ecosystem which include sediment and nutrient stor
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age, energy dissipation during high flows, channel sta
bility, local bed and bank scour (i.e., creation of pools),
habitat complexity, the provision of refuge habitat and
cover for salmonids, and the provision of a complex
subsfrate for microbial and invertebrate colonisation
(Armantrout, 1991; Cederholm et al., 1997; Faush and
Northcote, 1992; Gregory et al., 1991; Lisle, 1986; Mac
Donald et al., 1991; Scrivner and Brown, 1993). Studies
have found that juvenile salmonids rearing in streams
are often associated with LWD (Bryant, 1985; Ceder
holm et al., 1997; McMahon and Holtby, 1992; Murphy
and Meehan, 1991) and fish abundance has also been
correlated with the abundance and quality of instream
cover (Bjornn and Reiser, 1991; Elliott, 1986; Fausch
and Northcote, 1992; Lisle, 1986) although the ex
act mechanisms by which LWD causes increased fish
abundance is unknown.
LWD is supplied from healthy riparian zones and
where these areas are adversely affected, typically by
past logging practices, many government agencies,
stream stewardship groups and non-profit groups ar
tificially add LWD into streams to replace lost habitat
(see, for example. Anon, 1998; Hartman and Miles,
1995). Placement of LWD into streams is now a well
developed science and the literature contains many
manuals on installation techniques (see, for example,
Abbe et al., 1997; Chapters 8 and 9 in Slaney and Zaldokas, 1997; Poulin, 1991) and reviews of LWD projects
(see, for example. Anon, 1999; Koning et al., 1997;
Chapman, 1996; Hartman and Miles, 1995; Fitch et al.,
1994). Many of these LWD projects involve engineered
LWD structures, heavy machinery and extensive site
surveys, which are expensive and require special skills.
There has been little research, however, into techniques
for installing small scale, low technology LWD struc
tures using inexperienced crews and hand tools only
with little to no site investigation. Given the increasing
fiscal constraints faced by ROW Managers, the need
to mitigate impacts caused by ROW maintenance and
the many benefits of in-stream LWD additions, a sim
ple and cost effective method of successfully adding
LWD into streams crossed by transmission corridors is
greatly needed.
Effective small scale, low technology LWD struc
tures will produce measurable biological and physical
success. Therefore, research should investigate the site
criteria, structure type(s) and installation technique(s)
that provide significant biological (i.e., increase in
fish abundance) and physical (i.e., structures survive
freshet, increase pool area and pool depth) success. In
order for fhis study to be useful to ROW managers, it
should also focus on streams crossed by transmission
corridors and should evaluate variables that are easy to
quantify and use in a LWD structure installation man
ual. Overall, it is expected that the most suitable LWD
structure type(s) are easily installed at minimal ex
pense, survive freshet conditions without damage and
provide measurable physical and biological benefits.

The following represents the results of the first year of
a multi-year study to investigate LWD structures suit
able for streams crossed by transmission corridors.

METHODS

The a priori criteria for candidate stream study sites
were that a stream was fish bearing with an average
channel width between 3 and 10 m, average stream
gradient between 1 and 5%, and is crossed by a trans
mission corridor. Elev^en (11) candidate streams in the
Lower Mainland of BC met these criteria but follow
ing reconnaissance field investigations, the number of
study streams was reduced to five (5) because some
sites had poor access, signs of flashy discharge, were
boulder dominated or already contained abundant
natural in-stream LWD. The location of the five study
sites is shown in Fig. 1.
Each study stream encompassed one or two en
hancement sites and between three and nine habitat
units (i.e., pools, riffles, glides, etc.). Where stream
habitat units are not well defined, a minimum dis
tance of 15 m upstream and 30 m downstream of the
enhancement site(s) was included in the study area.
The limits of the study area and its habitat units were
marked with flagging tape and wooden stakes and
the location was referenced to a permanent benchmark
structure for follow-up monitoring.
Habitat surveys

Habitat surveys of each study area were conducted
in Year 1 between September 28 and October 4, 1999.
These studies obtained information on stream geo
morphology, habitat type, bank height and width,
wetted width, depth, and gradient. Observations of
in-stream boulders, woody debris, erosion, undercut
banks, and other outstanding stream characteristics
were recorded. Photographs and detailed drawings of
each study area were used to document key features.
Stream habitat surveys began at the downstream end
of the study area (4-0.0 m), and continued to the up
stream limit of the study area. The length of each study
area varied, and each habitat unit was staked and la
beled in the field as a distance in meters (i.e., 4-30.0 m)
from the downstream end of the study area. All field
measurements were taken facing downstream for con
sistency.
The intent of Year 2 habitat surveys was to de
termine if the LWD structures physically altered the
stream habitat around them. These habitat surveys
were carried out after freshet on June 26,2000.
Fish distribution

Fish distribution surveys were conducted using single
pass electro-shocking prior to LWD structure installa
tion in Year 1 between September 28 and October 4,
1999. These surveys were repeated following freshet in
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Fig. 1. View of the Lower Mainland of British Columbia and the location of the five study stream sites and eight LWD structures.

Year 2 (June 26, 2000) and in late summer (September
18 and 19, 2000). Catch and effort were recorded for
each habitat unit separately. This method was chosen
because of its ability to cover a variety of habitat types
in a consistent and reproducible manner. Other studies
investigated the response of fish to habitat alterations
by determining population estimates through stop
nets and multiple-pass electro-shocking (e.g., Keith
et al., 1998; Riley and Fausch, 1995; Nickelson et al.,
1992; House and Boehne, 1985). This approach was un
suitable for this project because of the extra time and
cost involved and the small size of some of the study
habitat units. Electro-shocking was conducted using
consistent, even sweeps across the entire habitat unit
and particular attention was given to observing the
micro-scale fish use of habitat. Captured fish species
were identified and their fork length was measured.
LWD structure assessments

The physical and biological success of each LWD struc
ture was evaluated post freshet in Year 2 following
the "operational monitoring" protocol in Koning et al.
(1997). Monitoring included comparing the structures
design objectives to an assessment of each structures
structural condition, structural stability, physical per
formance and biological performance (Koning et al.,
1997). This approach was useful because the small

ANCHORS
CABLE

EXISTING
VEGETATION

EXISTING
TREE

Fig. 2. View of plan drawing of LWD structure lA in Kanaka Creek.

scale of the low-technology LWD structures in this
study was expected to provide reduced results com
pared to large-scale, engineered structures. This also
allows an evaluation of each structures success based
on "realistic expectations" (Hartman and Miles, 1985).

RESULTS
Site distribution and habitat units

Eight LWD structures were installed into five study
streams (Fig. 1). The study streams and their respec-
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Table 1. Summary of stream habitat survey results from Year 1 investigations
Stream

Habitat
type

Structure
number

Location
(m)'-'

Kanaka Creek

r ijfle

1-A

8

Totals and Averages'’

a r '’

2

80.0

AP'’
AHU'’

1
3

10.0
90.0
13.0
2.0

Salmon River
Totals and Averages'’

Bear Creek
Totals and Averages'’

pool

2 -B

32

r iffle

2 -A

35

Length
(m)

Wetted width
(m)

Bank width
(m)

Wetted area’^
(m2)

Ave. depth
(cm)

20.0

8 .9

1 2 .8

1 7 8 .0

1 6 .0

9.7

13.1

802.0

14.5

8.5
9.3

14.3
13.5

85.0
887.0

35.0
21.3

4 .5

7 .6

5 8 .5

3 8 .0

4 .4

9 .5

8 .8

12

AR

2

5.4

4.9

ARu’’
AP
AHU

2
3
7

19.6
35.5
60.5

4.1
6.0
5.1

8.5
8.8
11.4
9.8

25.0
79.6
210.0
314.6

1 4 .5

3.3

6 .0

4 7 .9

15.5
7.5
59.0
82.0

3.4
8.6
5.9
5.6

4.6
10.9
8.8
7.9

51.5
64.5
350.5
466.5

8 .5

5 .6

6 .9

4 7 .6

1 9 .0

5 .5

6 .6

1 0 .5

3 6 .3

3 2 .0

20.0
53.0
31.0
104.0

5.7
6.2
4.2
5.4

7.1
8.1
6.4
7.3

6 .5

3 .9

6.2

2 5 .4

1 3 .0

3 0 .4

5 .0

fio o l

3 -A

50

AR
ARu
AP
AHU

2
1
4
7

Scott Creek

ru n

4 -B

39

Totals and Averages'’

ru n

4 -A

73

AR
ARu
AP
AHU

2
4
3
9

Bear Creek Park

r u id

5 -B

27

Totals and Averages'’

r iffle

5 -A

4 8 .5

AR
ARu
AHU
Maximum^
Minimum^
A\'erage^

No. of habitat
units

114.0
318.2
133.5
565.7

13.5
22.0
30.3
23.1
1 3 .0

17.5
11.0
46.0
32.9

8.0
23.5
42.7
26.4

6 .2

4 .9

11.6

3
4
7

19.2
48.2
67.4

5.1
4.8
4.9

8.5
8.3
8.4

98.0
243.7
341.0

9.7
23.5
17.6

9

104.0

3
7

60.5
80.8

9.3
4.9
6.1

13.5
7.3
9.4

887.0
314.8
515.0

32.9
17.6
24.3

Data are grouped by individual habitat unit containing a LWD structure (row shown in italics), by each habitat unit type (e.g. pool), and for the
entire study stream (indicated by AHU).
■
’ Number of habitat units, length, and area are summed for each habitat unit type (e.g., pool) and for all habitat units measured in the stream.
Wetted width, bank width and average depth are averaged among each habitat unit types (e.g., pools) and for all habitat units measured in the
stream.
AR — all riffles, AP — all pools, AHU — all habitat units surveyed in the stream, ARu — all runs.
■■Indicates distance in meters from beginning at the downstream end of the study stream.
■■^Wetted area calculated as wetted width of habitat unit times its length. Note that values shown for AR, ARu, and AP are totals measured in
the field, not the product of average wetted width and average habitat unit length for each habitat type.
■'Includes a side-pool.
^ Maximum, minimum and average values are for all habitat units (AHU) for each stream.

five LWD structure numbers are: Kanaka Creek (lA);
Salmon River (2-A, 2-B); Bear Creek (3-A); Scott Creek
(4-A, 4-B); and Bear Creek in Bear Creek Park (5-A,
5-B). Fig. 2 provides an example of the installed ori
entation and design of the lateral logjam installed in
Kanaka Creek (Structure 1-A). Fiabitat unit measure
ment summaries are provided in Table 1. The study
area lengths ranged from 60.5 m (Salmon River) to
104 m (Scott Creek) and the number of habitat units
investigated ranged from 4 (Kanaka Creek) to 9 (Scott
Creek). The study stream sites ranged in total area from
a minimum of 571.7 m^ to a maximum of 1197 m^ (Ta
ble 1).

Fish sampling

Electro-fishing was conducted in both Year 1 (Sep
tember 28-October 4, 1999) and Year 2 (June 26, 2000
and September 18-19, 2000) sampling periods for all
stream sites except Kanaka Creek because the LWD
structure in this stream was destroyed by winter floods
(see LWD structure results). Electro-shocking at this
site was only conducted in Year 1. Eleven fish species
were captured during Year 1 fish sampling (Table 2) in
cluding coho salmon {Oncorhynchus kisutch), cutthroat
trout (O. clarki), steelhead trout (O. mykiss), chum
salmon (O. keta), western brook lamprey (Lampetra
richardsoni), river lamprey (L. ayresi), prickly sculpin
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(Coitus asper), sculpins general (Coitus sp.), longnose
dace (Rhinichthys cataractae), redside shiner (Richardsonius balteatus), and threespine stickleback (Gasterosteidae aculeatus). All but three of these fish species (chum
salmon, western brook lamprey, and sculpins) were
captured in the Year 2 follow-up sampling.
Since salmonids are the desired target species for
most stream rehabilitation projects and to simplify
summation of the results, only catch of salmonid
species are discussed in the following summaries.
Furthermore, because the Year 2 early summer sam
pling produced very small catch numbers compared to
Year 1, and the late summer sampling period provides
a consistent time-frame comparison among years, only
lafe summer (i.e., September 18 and 19) catch results
are discussed below and shown in Table 2.
Maximum and minimum sampling efforts (sec
onds) per stream in Year 1 and for late summer sam
pling in Year 2 were 1627 and 552, and 1268 and 556,
respectively (Table 2). Corresponding maximum and
minimum catch per unit effort (CPUE — fish per 100 s
electro-shocking) in Years 1 and 2 were 6.7 and 0.8, and
4.5 and 1.3, respectively (Table 2). Moreover, maximum
and minimum fish densities (fish per 100 m^) in Years
1 and 2 were 12.2 and 2.8, and 13 and 2.1, respectively
(Table 2). The average change in CPUE and density,
from Year 1 to Year 2, for all streams was —1.8 and
—4.6, respectively (Table 2). The catch results suggest

survey. The invert of the streambed had deepened by
s»0.3 m at the center of the pool. The approximate
dimensions of the scour pool associated with Structure
4-B were 0.6 m wide x 0.5 m long and 0.5 m deep at
the time of the survey. The invert of the streambed
at the outer edge of the deflector had deepened by
%0.2 m. Deposition of sand and gravels has occurred
upstream and downstream of structure 4-B adjacent
to the streambank. Structure 5-A was deflected onto
the stream bank during high flows and was therefore
unable to scour the streambed. The structure was put
back into position several weeks before the Year 2 fish
distribution surveys were conducted.
LWD Structures 2-B, 3-A, 4-A, and 5-B were de
signed to provide instream cover for salmonids (Ta
ble 3). LWD structure 2-B was in the exact position
and condition as when it was constructed and pro
vides instream cover in a pool. LWD Structures 3-A,
4-A, and 5-B shifted slightly in position and experi
enced wear and tear. These structures lost a significant
portion of leaf/needles and small branches, however
the main LWD logs are still present and they con
tinue to function as cover. Structure 4-A accumulated
a large amount of smaller woody debris in the form of
branches and leaf litter. A small scour pool was also
formed at the upstream end of this structure.

that late sum m er catch effectiveness dropped slightly

DISCUSSION

in Year 2. The reason for this decrease is unknown but
it might reflect different stream discharge conditions,
temperature, time of sampling and various other en
vironmental variables that affect fish distribution and
abundance.
Year 2 late summer fish sampling captured fish from
six of the seven habitat units containing LWD struc
tures. Year 2 Catch statistics (CPUE and fish/100 m^)
also increased compared to Year 1 in four of the seven
habitat units containing LWD structures (Table 2).
When pooled together, the catch statistics for habitat
units containing LWD structures showed a slight in
crease in Year 2 compared to Year 1 but this result is
strongly weighted by the significant increase in catch
in the Salmon River's structure 2-A habitat unit (Ta
ble 2). Moreover, combined average Year 2 fish density
(fish/100 m^) for habitat units with LWD structures ex
ceeded that for all habitat units per stream (Table 2).
LWD structure assessment

Biological, physical and structural assessments of all of
the LWD structures, with the exception of Structure 1A, were conducted in Year 2 as part of the operational
monitoring program (Table 3).
LWD Structures 2-A, 4-B, and 5-A were designed
to provide instream cover and create small scour
pools (Table 3). The approximate dimensions of the
scour pool associated with Structure 2-A were 1.6 m
long X 0.9 m wide x 1.1 m deep at the time of the

Year 2 fish sampling captured salmonids in six of seven
habitat units in which LWD structures were placed (Ta
ble 2). Furthermore, salmonids were observed utilizing
five of the seven structures sampled in the late summer
of Year 2 (Table 3). Although average catch effective
ness (CPUE) for all study streams decreased in Year
2 by 1.8, Year 2 late summer CPUE increased in four
of the seven habitat units and average CPUE from all
habitat units containing LWD structures increased by
0.63 compared to Year 1. This suggests that LWD struc
tures may have improved each habitat units ability to
support juvenile salmonids.
Year 2 LWD structure assessments were also com
pleted at the end of June 2000. LWD Structure 1-A
failed completely and none of its LWD pieces were re
located. Although the exact reason for the structure
failure is unknown, it is likely that the forces acting
on the LWD structure outweighed the forces acting
to keep the structure in place (i.e., boulder anchors,
tree anchor, and cable). Detailed methods to compute
anchoring requirements of LWD structures in streams
exist (D'Aoust and Millar, 1999). However, these meth
ods often require detailed hydrological studies to de
termine peak flow velocities: studies that are beyond
the scope of the "low technology" fish habifat augmen
tation technique described in this study.
Pitch et al. (1994) suggest a more general rule that
boulders used to create instream cover will have a

782

G.C.

I I

X
ni
X 00
X

o X CM X
d CM X d
X

tv

p

X
00

7 7 7

o

o o X CM
CM d
1

I I

I

I I I

I

I I I

O

I I

<7's cc Os O' N. X

XB ^
o

in (N

CM CM

1

CO P

I

U- o

S c a r b o r o u g h a m i T. R o b e r ts o n

fN

in o fo on

ts. COnj m
CO n i

I

^ 9

I

X
CM CM

CN OO
(N

X X X O'
CM d d d

in ON in T-i

I

I

I

(N p p

ooo

T-! (N

sc ^s. X
d

o

X
d

X

K. o
t-M d

o X ^s O M-. p

rn r-J ^ (N oS

fN m

<N

O' X

K d
1

I

1

d d

d

1

7

O'

d

CM K

^

inri^ ninifNi H
I I

I I I

I

£

<6 CJs
1—•

•S ot
CL

u.

^ I I
I
I

X

O

p

nj

cn ro

LT)

^ in tN. ro

'o

xltj

ln x o ^ tN .

oo

p

o ni fsi csj rsj

I I I

oo^

I I

X ON O' X
ON
o X
X

d sd Tt*

I

I ^ O' O' tx O'

bO
C

0>

'O'OfNnj inc5 otncn

m o (N in

Tt« o rf X K.
o CM rt- X O)
IN (M

o o in

X C3 X X
O' tN O'
X
CM X CM X

X X

l-H X On X X
ON
X X X X
t-H X tN CM X X

"0 bO
D
> 0)

i

£ a
QJ

^

QJ

*o

£ hv
o

c

o

'£) X O'
d d d

X

O vX tN X
00 ni X d
CM fS CM

in rsi

O' m (N hs
Tt K ih

CM

■d

B
o

60 O s
C <7s

*£
_c
TJ

iH
. p

p

o

d

p

O ' 'X

d

d in

tN. CN

d r-i

in X ^

fo o

O'

p T-i hv tx 00 hs

nj o T-H
^ d in

n i 00 d

d

d

d

C n
c X
£ X

s

q5

2. %
!A

C

3

c .y

X O

I E

CL

E
r3

9

60

C

0 X

0

X X

XtN -X tN .

u-j

O'

xtM.n>t^

I

XXX

o t^ x

a

S

CL

t

c
2

X

u.

00
0 X
CD X

3

e

B
s

X X X

o
X

CM 00 X
CM
O' r-i X
o X
X It'

CM X

-t
X ^s. X

o

X
CM CM

O X O 'sC

O'

O' CM o
X X o
CM X On

X

O
X

sC O
d d

X

X X X
d Tj d
X 'd X

X
d
'C

X X
K d

p

n i X

d 00 d

rj.
X d
CN X

o tM o
00 d T-H
On
CM X

o X X
K ’'t
X
X X X

tA

:

2
<L

"S C

>^

"O r
c ^
^ Q

0>

I ^

CD
X
X
X

^

_§
.£ 3
CM X
X
X ^s

fb

1Om13^

^ e

fvj in

X CM O'
X X X CM
o X X X Oi
ON Tt* o X
^s. CM On
X

<b

Si c
ra §
■S' O
3
£

<A

X
(A
cc
M
m
o

3

,s

01
a c

S ^

c ^

X ^

X

« S
3

E

X -p

I

X

- I s

scA -|- -nl

rz 0)

^ ^ 9
< < ^

rc >:

X

D< 3

CL «

< < < <

0 D

^

«

r v 'f X
V
X

•2i g T !

il -0 ii

X
^ <^ ^<

bC rz
3 .t:
r3 X

^

-v
•ib

-Li
O

JA

u
J;
cS

«a
X
2

u
c
u
X

■a
JA

u

”£
2

X

3

^£
3
_£
'x
rz

X

tn

£o> DI

Ui
3

>
fZ

Cl
X
u

"£

■$

rc

XCA ^J=

^ Jm XI p
■S a l <
S £ ££ “
3 ^
E §
CA
3 o.

:s C'H
i
g s
« -2 s ■?c
u

-Cl

CL C
— 3
-C O'

n3
CQ ^
<N fN

3
lA

0» •tc
.,

E
3
,E
£
is

<D
bC
rz

>^ ■£ ■= C1J
bCP
1
S E « O£ W
D
^
at
«
5
^
>p>
CL
C "fS p
u
O D S
x>

1
c<
X
Qj
G
'M'£
"£
1
1
DC
<

u

£ QJ
3 :o
£ X
E p
£ £
V X
£ ^
3 X
c
S "0
X ^
>5 ^
■3

D

783

T e c h n iq u e to a u g m e n t f i s h h n b ita t in s t r e a m s c r o s s e d b y tr a n s m is s io n c o r r id o r s

C 2=

"2

-o I

c

u_
E3

B tn

■S3 C^ l,

o o

^ 3
13 3
o 3

00 to

6).

CA

CJ tu

"0 bC
> 3
2 3

3 cc
2 o

3

00

^ 3
»- *2-<
> O C/!) 13
CA >
L.
8 f
J
13 B 0 O
O -3 X XCA O
IhJ
0
3
2^
^
0013 X
C
C
A '3
3J
O
c X 0
3 u
■a 2
O
A
uJ C
c 2
0 OJ OJ
X s X

U ^
s
^

^ a;
2 "O i a
5
^
t—I c/l

^
s
00 o

u

2
3
o
B

13

3
’2
3
P
00
;! B
CA c
OJ "3
o
Ic
to
^ ’X3 Q
J ■X 13 s X G CA
01 to ^
> s
■£ qj
V, 3- 00 0
3
B
X
^ 4_i CA to 01 3 .S
qj ^
5 ^
1 .1
a
u
^
o
CA -g
3
3 -P»
0 CA :3
00 XI
to 13
to CAXto
I's - XCA >
0> qi
C >
^cA oj ’35 3C I
A
•fc
Q "O bO
u
l . ^ s—. C
QJ
QJ C
to
)—1
A X X 3 -01 ^
£ ^

3
to
i_( CA
oj "X
> -p
o r ^ c S
Q
J
2 S
a;
c
B

1B

3

t, qj
o> j :

3

W
s-D a,
IT, 3H

tn 3

.Ns .3
i

OJ O
o
00
c

2
tj
'x
O) O
X

00

00
’43
c 0>

c

I°

00
0
o
u 3
•n

CA

X

5
3 cA
^
'!>' r ■33
6
ti ^
z: c- T<3 "C 3

a
B
o

c 00
I> -6
CA

00

0 c

c

I I
-H <N

CA

^

B

*n •£
3 Lh
<
Z

61
to 3

in
cn

£ x'
^ tN S "O o
X qj
o
01 c ■O£ C> fsj
3 13G XCA ON

I

3 S

3

13
6

c B
CL -

o n

13 <N

■S S
B
3 o>
13 2
01 B
n CL,
9“
S^
dr iII

tO ^ Ih

^ CA 5::'

2

H
U
-1^

CD O

^ 2

ss
3 OJ
13 -§
2 C
S ii
7S^" ‘P3J
t/5.

O :S
U
rr

G

i
0) O) n
(j
bO ^ C
'c ^ B o

13 o

o

3
'S
^ o 3
- £ n
"Ia
^

•n
Oi

*3
c 5 u V 3

(A

X

c

<

CA
OJ
CA
_>
OJ
C
A
_>
O
J tJ
_> OJ 00
CJ
OJ
OJ
J x^ .B
O
0 OJ X
0
X oc OJ
0
00
s
00 .s
G
c "qj
% C
A "S
O
OJ OJ
OJ
J B 10
3 > £
£ T- cr u
OJ
0 0 13 3
2 c- < 'x0 X

Q
§

Mh
o
00

c

X,

CMCD

1

a;

CJ
CA U O
CJ —, .3 -3
-0 'J;
fc>.
5 T3 O
CA 3
M 3
0; X 0>
C "S
*9
SB
CA c
to 3CA
B T3 13 C 13
M
O
CA 'c
B
^
C
Q
J
0> O
13 00 o 73
5 6 CA to
> X
o c lo
^ 2 2
£ '»
tN.
CA
OJ
3
>

00
c

0
u

OJ
B
%

to
2
2

'H,
£
0
u
T—(

a.
•p
OJ
3
2
Cj

OJ
>
0J
C
’0
0 6
o, to
J
Ui O
Lh
3 CA
0
CJ .s
CD

•p
‘>

^

G
(b

p

Cl, X

c
1 ^
-3 ™
g X
S2
B

-2
2 5
c

~S u "v

OJ
-rr

9c 3o cto XS X^ 2 B -6 -S < o ^

13
C
A
13
tM
to X 00
tP*
3
O
to
t
j ^
c0 o°
CX X
^
I B
a JS " §
^ OJ u
35 0 - 3 ^ 13 ^
s I
'c ^ "oj
to -P
1)_ OJ CA 3 Q, OJ
■00
S •I'
X
.B'XO
>.B 6
X
01
X
,A
cX
0) c
C
-B
u
73
XOJ is3
2 -S 9B 13 c
P CO p
3
O
0h
1 >
CA 'cA
(0 to OJ L
>

00

00

3

0)
>9
>-i
OJ
>
o
«§

u

H
O3
J^
2
is -g

OJ
.
o
£- ^G 2
- to 2

CA cj 73
CA
— jA +- CN
1 :s g
to P
is o
0
-a 13 ra
§DO 5;i « 6 ^ „
^ ^ p u ft S s -5
2
Jr
' SS
0 ^ g O 13 -p to -2 S
O O2 C 3 > ctJ P X P "n ^,1

■ 3

o

B
^c cB
2
t X to
c/5 DfO

<v

2 > CA3
B o <u 3o

^

C
A3
CA r

3
3

X

13
— C
00 - I lo
L-> 77
3
OJ CA :> ■*/
s- U t 2
"to C ^ X
•S
g > 3
00 c
2
to
f3 "ra

Cl,

13
OJ

13
G

to
G

•S Cl,

O O
£

P 1a
8 .B

> X
o
^
£
CD

C!h
'I-

CD

CD

in

o
g
g
3

S =5
o >-(
-t->
o;
•S
H

3
O
to

0

X>

-

00
0
to
O
J
fcH
0 P
OJ CJ
Cl, 3
H i:CA

“
3

2
2

3
B
OJ g
00
to
3 _t^
u
to
£
X
in

>
o
u
c
to

X

00

o
-J

13
OJ
3
3
£
(D

13
to
0
10-1

O
J
O
UJ
i

L
OJ
■§
^
3
c

G

53

a,

2

D
Oj"

D ,-

3
3
^
i:2
a:)

00

2

G C

<

CQ
<N

<

'S'

to to
CA ^

CQ

4

G.C.

784
3
c/5. T0>
T5 >
C O
C '-/5

S ■« 3

§ S

-2

X 0)
C bC
•“ 3

5=^ o
^j j3
^
Ui o
■ = 0 3

g

bJC o

.£
^ 0)
aV- Cl

15

fC

^

■ ^ 3

0> n

? *bC "O C/^ “ •

q;

3

^ 6 3
^
iO
u CD 3

CL

bC

C
3

C;
-C

o
o
o

S "S

bO
3

■0s tQJ

3

T3 X)

2

°

fb X o
5
[d
£
II i c^
S B ?
U. 15
u

^
S
G

oJ
a 2
QJ
I

y)
*n
C
§

^

J

X

C 00

C C 3

13
S:!
3 Si
a
S S I
O »-■ *3

5
"

»-

xjb>
S
£
?u

-c E 3

■(—
SF'Jo— _Q
o

O'

^ ^ W
h 0; ^
• =0-0
-l E 13
^T-? rn -^
*tj

^

£

13

^ O "0
^ UJ o ^
£

15 o
^ CL C
^ L .2
a> Bfts o
§3 O O
c J2
^ £2 o
QJ c^u ^
p JCitl 2 ^ ^ CL ^ 5 O S I a“
= _o o ±i
i a 3 S 4«- 3
Zi

C

S -t:
"C
(/J ^

^ ’c^
5
E
X,

5

CD

13

I<

O c
S

13

^

" £

s> =

H

O

P

CD CL (N
bC

C
0I

>

O'

Oi X>
I s
X ^

u 13
Qj a;

ClO

B •3 ^

£
’>

JZ

Cl

C 3

•-

C

0 JZI

H
-3
C

s ^
h- “

a

H bC
-2
QJ ”
B bC
^ .S .i2

^

C u 01
s 3

r-

3

"
£

CD

E
X

o;
-c
3

C

s

E c
a; 2
Si S

tu >

S c a r b o r o u f;h a n d T. R o b e r t s o n

higher likelihood of remaining stable if their diameter
is %25 times the diameter of the average bed mater
ial size (D3 0 ). This value was designed for individual
boulder placement and does not consider additional
forces that would act on the boulder if it was used as
an anchor. It does, however, establish a minimum di
ameter for the selection of anchor boulders for LWD
enhancement. Newbury and Gaboury (1993) also de
scribe a simple method to estimate the tractive force
exerted on bed materials and determine the maximum
size class of substrate material that will be forced into
movement at a site at different depths of flow. The trac
tive force (f) can be calculated with two simple field
measurements, depth of flow (d) and slope of water
surface (s), where t = 1 0 0 0 x d x s, and tractive force
(kg/m^) = incipient diameter (cm).
Structures 1-A, 2-A, 4-B, and 5-A were designed to
scour the streambed and provide cover (i.e., pool and
LWD) for salmonids. Structure 1-A failed completely
so its success could not be evaluated. Structure 2-A
created a roughness element in the stream channel,
which caused the formation of eddies that scoured ma
terial from the streambed. Structure 4-B constricted
flow into a narrower channel, increasing the veloc
ity of water flowing around the structure and causing
scour. The angle of Structure 4-B (i.e., 45° upstream)
repels flow away from the stream bank towards the
center of the channel (Breusers and Raudkivi, 1991).
Deposition of sand and gravels occurred upstream
and downstream of structure 4-B, immediately adja
cent to the bank, as expected with the deflection of
flow towards the center of the channel. Structure 5-A
was shifted onto the stream bank during high flows
and was therefore unable to provide similar habitat.
An anchor boulder should be added to the down
stream end of this structure to maintain in position
in the channel. Although the extent of effects of the
LWD structures on stream morphology was limited,
structures 2-A and 4-B did meet the expected physi
cal performance for low-technology LWD. Lateral log
jams and multiple log structures have a greater ability
to scour streambeds and trap other small woody de
bris for cover than single log structures, and therefore
may be preferred for ROW enhancement works.
LWD Structures 2-B, 3-A, 4-A, and 5-B were de
signed to provide cover for salmonids. All of the struc
tures, with the exception of Structure 2-B, had been
subjected to wear and tear in the form of lost branches
and leaves/needles. All of the structures were, how
ever, still functioning as intended. An accumulation
of small woody debris against Structure 4-A has re
inforced the structure creating a debris jam that dissi
pates the energy of the flow and reduces flow velocity
against the eroding bank. Cover created by the multi
ple tree revetment (4-A) and the log bank cover (2-B)
exceeded that of the other structures and provided a
good surface for debris accumulation. The single tree
top revetment (5-B) may have been more effective had
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it been constructed with coniferous wood that would
have endured less wear and tear, or a tree top with
larger branches with an ability to trap small woody de
bris. The simulated root-wad provided instream cover,
but appeared less stable and provided less aerial cover
than the other structures. A grouping of root-wads
would likely provide better results.
In general, anchor rocks for LWD structures should
only be chosen if they are abnormally large amongst
the existing bed materials within the channel (e.g.,
25 times the average bed material size). This will not
guarantee structure stability but can provide informa
tion on the size of boulder or rock that is generally
stable in that portion of the watercourse. Streams with
an abundance of large cobble/rock/boulder material
should in most cases be avoided for low-technology
LWD as an abundance of larger materials generally
indicates that high flows have the capability to move
these larger particles. Where available, LWD structures
should be cabled to a healthy tree or stable tree trunk
(provided care is taken to avoid girdling the tree), or
alternatively to a wooden stake located on the stream
bank. Other anchors systems, although not used in
this study, can also stabilize instream LWD. These in
clude, but are not limited to: rebar or wood stakes that
can be driven into the channel bank; duck-bill anchors
that can be buried into the channel bank; and partially
burying LWD in the channel bank.
Longevity of the LWD structures will vary between
sites. Observations of natural tree fall into streams in
dicate that continuously submerged deciduous logs
can last up to 10 years while those exposed to air
over for several months were significantly deteriorated
after 3 years (Armantrout, 1991). It should be noted
that deciduous wood decomposes at a faster rate than
coniferous wood (Cederholm et al., 1997). Therefore,
the effect of deciduous trees on channel morphology
will not be long-lived, but they will be more rapidly
assimilated into the biological cycle than coniferous
trees. All of the LWD structures in this study will even
tually decompose yielding coarse-particulate organic
matter to the stream that in turn, feeds invertebrates,
fungi and bacteria. As a result, nutrients released from
the decomposing woody debris are returned to the
environment (Gregory et al., 1991 and Vannote et al.,
1980) providing additional long-term benefits of LWD
structures.
The results of this study indicate that the effects of
low-technology LWD structures are limited to the area
immediately surrounding the structures. Other minor
changes in channel geomorphology within the study
areas were observed, but were not likely a result of the
LWD structures. Moreover, the limitations of the instal
lation equipment permitted for this study, (i.e., hand
tools), suggest that it is unlikely that the small-scale
LWD structures will have any significant effects on
channel geomorphology. In order to have greater scour
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capabilities, these structures would require larger di
ameter logs and have greater ballasting requirements.
Therefore, the main objective of the low-technology
LWD structures should be focused on the structures
ability to provide cover, refuge, food, and nutrients to
salmonids. The preliminary results of the fish distribu
tion studies indicate that several of these structures are
providing suitable cover for fish, including salmonids.
The implementation of instream low-technology
LWD within BC Hydro rights-of-way can replace valu
able woody debris within stream ecosystems, pro
viding instream habitat complexing, important cover
from predators and slow-velocity resting areas for
juvenile salmonids (Angermeier and Karr, 1984; Ar
mantrout, 1991; Cederholm et al., 1997; Murphy and
Meehan, 1991), nutrients and sources of terrestrial in
sects (Bjornn and Reiser, 1991; Meehan et al., 1977), and
providing structurally complex substrate for macroin
vertebrate colonization (O'Connor, 1991; Meehan et al.,
1977). The preliminary results of this study suggest
that some LWD structures can create scour and are uti
lized by fish. However, to better understand the effects
and design criteria for low technology LWD structures,
additional research is needed. This research should
investigate more LWD structures in different environ
mental settings and include more quantitative (e.g.,
population estimates) and repeated fish sampling and
channel bottom assessments.
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Right-O f-W ay C o m m u n icatio n S trateg ies

Teri L. Vierima and John W. Goodrich-Mahoney

The increasing demand for electricity and the resulting need for additional power delivery
systems, combined with an increasing public reluctance to have those power delivery systems
in its back yards, has made the siting and maintenance of power lines a significant public
issue for transmission and distribution companies. This study identifies and analyzes the
key public issues associated with power line siting and maintenance and applies modern
risk communication knowledge and techniques to developing strategies and suggestions for
successfully communicating about right-of-way issues. Among the resources used are interviews
with transmission and distribution company engineers and communications experts. The key
steps in developing an effective public communications program are discussed. These key steps
are: understand the basis of public perception; establish the project need; integrate public issues
into site selection; identify audiences and plan communications; and expect to accommodate and
plan accordingly. The study also examines how public issues are likely to affect right-of-way siting
and maintenance in the future.
Keywords: Public, communications, strategy, siting, maintenance

THE BUSINESS CASE FOR PUBLIC COMMUNICATION
STRATEGIES

In the energy industry, "communicating with the pub
lic" brings to mind two extremes: (1) the warm, fuzzy
images that companies put in their annual reports and
television ads, and (2) the room full of hostile people
they face when they announce that they want to put
something in someone's back yard. This first case —
promoting the company's public image to sharehold
ers — is treated as a vital element of the corporate
strategy: every image used in the annual report is
professionally done and approved at the highest lev
els of the organization. Rarely, however, is the second
case — communicating with the public about the im
pact of business operations on their lives — considered
to be a strategic activity. Most commonly, it is an af
terthought — after the business decisions have been
made, after the need for the power line has been deter
mined, after the route has been chosen and after design
of the line has been engineered. It is then that compa
nies begin thinking about how they will explain to [not

necessarily discuss with] the public why what is being
done is right for them. And, again in contrast to other
significant corporate commimications, the person sent
to talk to the public has rarely had any training in pub
lic communication.
In business, in order for something to be elevated
from an activity to a strategy, it must be linked to the
business objectives, that is to say, it must be shown to
have a direct financial impact. In this case, a picture
says a thousand words (Fig. 1).
In the "good old days" the route from substation A
to substation B was a straight line. Today, most new
power lines are a jagged route of compromise. This

Power line: 1950s

Power line: 1990s
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Fig. 1. The evolution of power line siting.
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illustration is, of course, a symbolic one, but it is based
on examples of real power lines. If you compare fhe
routes of lines in your company over time, you will see
the same evolution.
No cost analysis is necessary to tell you that the
second power line is much more costly than the first.
- The line is longer, with a proportionately greater
construction and materials cost. Chances are there
are also more costly pole designs or landscaping
along portions of fhe route. Some of if may be
underground.
- The time it takes to site is longer, and time is money.
- And typically, the lawyers' fees are immense.
The difference is nof in technology. The difference
between these two pictures is due solely to the influ
ence of the public and changes in public values.
Companies have done much to reduce the techni
cal risk associated with power lines, and EPRI research
has been a major contributor to that success. Compa
nies also do their best to reduce the financial risk asso
ciated with owning and operating a transmission and
distribution system. But little attention is paid to re
ducing the public risk — the risk that a well designed,
much-needed project will never be completed because
of public outrage — and that risk is growing.
The EPRI project on communicating with the pub
lic on issues associated with rights-of-way is a first
step in attempting to find ways to make the siting
and maintaining of rights-of-way more accepfable, or
perhaps better stated, less objectionable. In this paper
we report on the first element of fhis sfudy, which in
volves solicifing the views of fhose people wifhin elecfric utilities who have spent a significant amount of
time interacting with the public on these issues. They
included design and construction engineers, right-ofway operations and maintenance personnel, foresters,
environmental permitting and compliance personnel,
real estate managers and corporate public communi
cations experts. Eor this purpose, we developed a brief
quesfionnaire, fo which 37 people in 18 companies re
sponded. Their views will help us fo fargef communi
cation strategies and technical research on those areas
that create the greatest controversy and that pose the
greatest public risk to right-of-way projects.
One question that was posed to these people was,
in their best guess, of all the people in the company
who participated in their most recent transmission
line siting or upgrade project, what percentage of
their time was spent addressing public issues and
concerns. The average response was 35%. If 35% of
the human resources that a company delegates to
developing and maintaining rights-of-way are being
spent on public issues, as much attention should be
paid to planning and professionally managing the
public issues associated with power lines as is paid to
designing the annual report.
The following suggestions for managing public
risk as an element of business strategy come from
discussions with utility experts and observations of
communication successes and failures.

STEP ONE; UNDERSTAND THE BASIS OF PUBLIC
PERCEPTION

Because of the tremendous influence that public con
cerns have had on the nuclear power industry, and be
cause of fhe pofential for concerns about electric and
magnetic fields (EME) fo have similar impacts on the
ability to site power lines, EPRI was among the first to
sponsor research aimed at understanding public per
ception of risk. There is now a wealth of literature
on the factors that affect public perception and hence,
public acceptance, of risk (see, for example, Trudell
and Tikalsky, 1997; Sandman, 1994). Eive of these com
mon factors are familiarity of the risk, the voluntary
nature or the amount of personal control one has over
the risk, the fairness of fhe risk (that is who bears the
risk versus who benefits from the risk), the level of fear
that the potential outcome incites, and the level of trust
placed in the person or institution who imposes or con
trols the risk. Many of these factors weigh in negatively
against rights-of-way and power lines: rights-of-way
are inherently unfair in fhat mosf of fhose who ben
efit do not live near them, nearby residents feel very
litfle control over the siting process, the potential im
pacts from EME, sfray currents or the use of herbicides
are frightening to the general public, and it is probably
safe to say that public members have very little trust in
utility companies when it comes to siting rights-of-way
in their back yards. The first step in addressing public
concerns about rights-of-way is to identify and under
stand the underlying causes of fhese concerns. It can
not be emphasized enough that those people who will
be interacting with the public on right-of-way issues —
whether it be in the context of a large public meeting or
in one-on-one interactions with landowners — need to
be able to identify the fundamental values that create
these issues.

STEP TWO: ESTABLISH THE PROJECT NEED

In our survey, we asked the respondents what advice
they would give others in dealing with the public
regarding power line rights-of-way. By far the most
common response was "start early." When asked what
they would do differently next time, many of them
answered "start even earlier." When asked what issues
they had the most difficulty in explaining to the public,
respondents frequently cited the need for the line and
the benefits to the local community. These are issues
that can be made easier by putting in place a strategy
to communicate with the public about the way the
grid works, the need for new lines into the area,
the local benefits of a more reliable transmission and
distribution system (which is more important to locals
than the company's ability to make money by selling
power elsewhere) and the process that will be used to
site new lines. All of this can be begun well in advance
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Table 1. Common public concerns associated with rights-of-way and power lines
Local concerns about corridors

Local concerns about power lines

State or regional concerns

y
V
V
V
y
y
y
y
y

y
y
y
y
y
y
y
y
y
y
y

y
y
y
y
y
y

Property values
Equity/faimess
Restrictions on use of easements
Compensation for easements
Impacts of construction
Use of eminent domain
Tree trimming/removal
Use of herbicides
Maintenance and use of access
roads/routes
y Illegal trespass/use by outside
parties

Electric and magnetic fields
Stray voltage/currents
Visual impact of the poles
Electrical safety
Need for the line
Ozone/odor
Noise
Electromagnetic interference
Impacts on agriculture
Chemically treated poles
Proximity to schools/day care
centers

of any siting efforts. Media articles, presentations to
civic groups and schools, conversations with civic and
industrial leaders can all be useful in changing the
public consciousness about energy issues. This takes
time, but it will give the siting process a smoother
beginning. In fact, an audience of citizens who have
come to accept the need for a line can become positive
contributors to the solution.

STEP THREE: INTEGRATE PUBLIC ISSUES INTO SITE
SELECTION

The standard process used in siting rights-of-way
has been (1) select the best routes from a technical
perspective and then (2) deal with the public issues
when they arise. But if the public risk to the project is as
great or greater than the technical risk, then assessment
of the public risk should be built into the site selection
process from the beginning. Someone who is familiar
with public issues should be on the site selection team.
We all know what the issues are. Table 1 lists the
most common causes of public concerns about new
rights-of-way.
In the first column are issues associated with the cre
ation of any right-of-way, regardless of what is being
sited; the second column lists concerns associated with
having a power line in that right-of-way; and the third
lists those issues that are likely to generate concern
among broader groups, beyond just the landowners
and residents who live next to the right-of-way. A sim
ple process for assessing the public risk associated with
a proposed route is to break the line into segments, ac
cording to the characteristics of the adjacent property
(e.g., agricultural, urban, suburban residential), and to
use Table 1 as a checklist to anticipate what issues are
likely to create the greatest opposition along each seg
ment. The geographic information systems that are in
creasingly being used in planning power-line routes
can be applied to and integrated with this process. By

y
y
y
y

Wetland impacts
Biodiversity/habitat fragmentation
River/stream crossings
Avian interactions
Pesticide use
Impacts on endangered/threatened
species
Impacts on the viewshed
Impacts on archeological/historic
sites
Co-location with other facilities
Relative impact on low-income/
minority populations

systematically analyzing the potential public risk as
sociated with the route, changes can be made to the
route or the line design in advance of creating public
opposition. The more you can anticipate and prepare
for public issues before you ever announce the project,
the better you will be at managing the public risk.
In our gathering of the views of utility personnel
who deal with public issues, we asked them to rank the
importance of these issues in their most recent power
line siting or upgrade project. On a scale of one to four,
with one being "not raised" and four being "became a
major issue," the following issues topped the list.
- Property values (3.3)
- Visual impact/aesthetic appearance of the towers/
poles (3.3)
- Impacts on the viewshed (scenic aesthetics) (3.0)
- Electromagnetic fields (2.8)
- Equity/fairness (i.e., those who must live next to the
line vs. those who benefit) (2.8)
- Compensation for easements/tax implications (2.8)
- Need for the line (e.g., use of conservation or distrib
uted generation instead) (2.5)

STEP FOUR: IDENTIFY AUDIENCES AND PLAN
COMMUNICATIONS

Just as you can usually identify what issues are likely
to be of greatest concern, you can also identify in ad
vance what audiences with whom you will need to
communicate. Before your proposed action hits the
newspaper, you should have developed an in-depth,
detailed plan for notifying, educating and involving
each of these audiences. A simple table, like Table 2,
can be used to identify specific communication initia
tives for each audience during each stage of the siting
process.
The entries shown in this table are the responses we
received from the power company experts when asked
at what stage in the project did they first notify key
groups of interested parties. In a true communication
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Table 2. A structure for planning communications. (Entries indicate the percentage of respondents who indicated the stage at which they
first notified key interest groups.)
Project stages
Preliminary
Needs
assessment
design

State or federal
environmental
regulators and
public utility
commissions
Landowners/
neighbors
Local officials
(e.g., legislators,
city councils)
Local, regional
and national
environmental
groups
General public
Media

Selection of Assessment of Application to Regulatory
primary and
impacts
regulatory
review and
alternative
approval
agencies
routes
process

62%

7%

7%

9%

26%

50%

20%

29%

45%

8%

20%

44%

10%
NA

17%

46%

21%

6%

S7o

plan, there would be entries in each cell of the table,
including the key communication points, the most
effective communication vehicles, and the responsible
individuals at each stage. Communication vehicles can
range from simple brochures to very involved public
advisory groups.

STEP FIVE: EXPECT TO ACCOMMODATE AND PLAN
ACCORDINGLY

Anticipating public issues, as described in Step Two,
can enable you to make accommodations for issues
that you know will be controversial before they be
come a controversy, but others will always arise once
your intended actions become known. The question
naire respondents were asked about the means of ac
commodating public interests or improving public ac
ceptance of a power line. The following list shows the
percentage of respondents who said that their com
pany had used the following means of accommoda
tion. (Note that some companies had more than one re
spondent and therefore may be represented more than
once in these percentages.)
- Relocation of some portion of the line (86%)
- Special clearing techniques to save vegetation (76%)
- Change in pole design/height/color (76%)
- Landscaping (68%)
- Agricultural use of fhe corridor (e.g., tree farming)
(65%)
- Wildlife or endangered/threatened species habitat
or wetlands preservation or creation (59%)
- Accommodations for bird nesting (59%)
- Research projects (46%)
- Recreational use of the corridor (41%)

Final Construction
design

Maintenance

3%

3%

6%

3%

3%

12%

4%

4%

17%

7%

3%

-

Financial incentives (30%)
Undergrounding all or a portion of the line (22%)
Enlarging the corridor (16%)
Change in construction techniques (e.g., flying the
towers in, rather than using trucks) (3%)
As the EPRI project progresses, we will learn more
from these individuals about innovative and effective
ways of making rights-of-way and power lines less
objecfionable.

WHAT THE FUTURE HOLDS

At the end of the questionnaire, we asked our respon
dents to put their feet up on their desks, look into
the future and give us their opinion of how power
line right-of-way siting, operation and maintenance
will evolve. They do not see the situation getting any
easier. They see greater restrictions on overhead lines
and more pressure to put lines underground. They see
landowners and public activists becoming more so
phisticated and assertive, and more skilled at using
the Internet as a tool to organize opposition. Regu
latory agency involv^ement will increase, as will the
lead times necessary to site new lines. With the in
creasing number of players in the energy scene and
the increasingly monetary motives of those players,
they predict that the public will become more suspi
cious. The new independent transmission companies,
and even the new breed of larger, geographically dis
persed utilities, may not develop the community rela
tions that utilities have traditionally had in the past.
And as power-line owners tighten their right-of-way
maintenance budgets, they see public and regulatory
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attention to right-of-way maintenance issues increas
ing.
Not only will it become more difficult to site new
rights-of-way, if will become more costly. The cost of
acquiring new easement rights will escalate with in
creasing population, property values and community
demands for compensation. Companies are now be
ginning to think of and treat existing corridors as assets
with escalating value. More facilities will be forced to
site within these existing corridors. One respondent, in
fact, recommended that new corridors be designated
and obtained now for future use, as they may be prof
itable investments.
Lastly, technology development can assist in easing
public issues. While the EMF issue will never go away,
EPRI health effects research has had a major impact in
mitigating the pressure to impose strict EME-related
regulations on power lines. At the same time, EPRI has
developed low-EMF line designs that are cost-effective
and accommodate the public's concern regardless of
any actual health risks. More selective vegetation man
agement techniques and improved pole materials and
treatment can make power-line rights-of-way of less
concern to those who worry about chemical contam
ination. New line designs that reduce the visual im
pact would be welcome. And a study of ways to turn
rights-of-way into environmental assets by using them
to benefit bird nesting and endangered plants is be
ing conducted by EPRI and is reported on elsewhere
in these proceedings. When respondents were asked
what future EPRI research would be of most use to
them, the most frequent answers were research into
public perceptions, research on the impact of rights-ofway on property values and the development of public
information materials on rights-of-way.

CONCLUSIONS

This EPRI study of public issues associated with rightsof-way and actions that can be taken to improve com
munications about rights-of-way is just the first step
in attempting to bring public issue management into
the framework of business management. Understand
ing and planning for public issues will not make them
go away, as most would wish. But a company that
learns to communicate well with the public and to
reduce public opposition to right-of-way activities is
likely to become a better communicator in all aspects
of its business. The public image that companies pro
mote in their annual reports is important and encom
passes a broad audience. But equally important to the
business over the long run is the quality of the daily,
local communications they have with the public about
the energy business and its impacts.

NOTE

Subsequent to this presentation, the results of this
study have been published. See (Vierima, 2001).
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In fo g rap h ic S im u la tio n s using P h o to g rap h s as
a M ethod to G ain G re a te r S ocial A cc e p ta n c e
for P rojected Lines and S u b sta tio n s

Jorge Roig Soles, Leticia Gonzalez Cantalapledra,
Roberto Arranz Cuesta, and Javier Arevalo Camacho

One of the greatest stumbling blocks in developing projects for new power transmission lines
and substations is the opposition to such structures on the part of the affected individuals
and organizations. One of the main reasons for this opposition is the difficulty people have
in evaluating how a new line, substation or related infrastructure may affect the landscape
they are used to. The aim of the infographic simulations is to help people visualize the effects,
especially visual or scenic, likely to be produced on the landscape of the proposed line. This
paper gives a description of the method used and shows infographic simulations carried out by
Red Electrica on several of its lines. Since the medium involved is photographic those affected can
easily recognize the territory featured in the simulation. As regards new line projects, examples
are given of two alternative routes studied for a line passing close to a castle, and the visual
impact of replacing a single-circuit line by a double-circuit line. In the case of substations, three
simulations are shown for the different phases of locating of a new substation: Before the work is
started; the substation's switchgear at the end of the construction and assembly work and, finally,
the substation's appearance after the surrounding area has been landscaped, with simulations of
plant screens, embankment treatment and other treatments. The results of this method have in
general been satisfactory, allowing the opinion of all those involved to be taken into account and
helping to make the new lines and structures more readily acceptable.
Keywords: Public acceptance, business communications, view shed, visual simulation, visual
impact, infography

INTRODUCTION

One of the difficulties faced in projects involving the
installation of new power lines is the opposition from
organizations and individuals that might be affected
by such installations. It is therefore appropriate to
analyze the reasons why electrical installations are
rejected. Rarely, no one is prepared to deny the need
for electrical installations or to argue the convenience
of building airports, railways, schools, or hospitals.
The objective is to ensure that their location is suitably
distant from one's home. "All right, but not here." The
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second reason is related to the very nature of electric
energy, about which the public is quite ignorant.
In decisions related to the location of a new trans
former station or the alignment of a power line, it is an
error to consider only the technical and economic fac
tors because any location or alignment will inevitably
affect the owners of the land involved and their neigh
bors. Studies show that both country and urban land
has a greater value if there is no nearby electrical in
stallation.
From the point of view of the national government,
the needs of the electricity sector are vahdated by the
procedures of the corresponding ministry. Regional
governments are absolved from responsibility "by a
higher authority" because the majority of installations
have been classified as being in the public interest.
However, at local government levels, the complaints
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have a more direct effect. Those who are allegedly
affected are residents of the municipalities in question
and in many cases councilors support protests by the
local public — proposing alternative alignments that
are difficult or impossible to accept in the majority of
cases.
The point of view of the environmentalists is the
easiest one to predict. As they have no executive re
sponsibility, they can ask for the impossible with the
appearance of being reasonable. They want power
lines to be located in areas that do not affect the en
vironment and they want all other electrical installa
tions to be located far away from centers of population,
without the opposition of their neighbors. It need not
be said that they rarely offer any explanation on how to
resolve this problem and if they offer any suggestion at
all it is in the realms of utopia. Their messages on the
other hand are strongly supported by the inhabitants
of the affected areas.
The attitude of the media is deeply influenced by
their social nature. Most journalists are reporters with
limited technical knowledge and a high degree of sen
sitivity with regard to the abuse and might of the po
litical and economic powers. Consequently, the infor
mation provided by groups of environmentalists and
neighborhood associations, are generously received by
the newspapers. This could be due to the sporting in
stincts of the younger reporters and to the assumption
that these reports will be broadly accepted by a wide
majority of readers.

OBJECTIVES

Business communications should not be considered
merely from the utilitarian point of view. They are an
activity that should be carried out daily and there
fore active public acceptance programs should be
established. These programs should provide an effec
tive means of internal communication leading subse
quently to an understanding of the need to establish
a close relationship with the local inhabitants, insti
tutions, local government, neighborhood associations,
environmental movements, and the media.
A relationship with the inhabitants of a particu
lar area must be based on the good neighbor prin
ciple. There are small owners and small companies
that might be affected by large installations. The pro
ponents should visit them and explain the project.
Perhaps this will not be sufficient to neutralize their
protests but, in most cases, it will moderate the protests
and limit them to specific aspects, which are much eas
ier to handle than general and undocumented com
plaints.
The relationship with the local authorities is also im
portant. Within a constituency, a mayor is an authority
and his or her capacity to jeopardize a project is infi
nitely greater than his or her capacity to promote it or

support it. Ignoring these people because they initially
have no official responsibility with regard to a project,
which affects their municipality, is a grave error that
may have disastrous consequences in the short and
medium term. They are probably not in a position to
prevent an installation going ahead but they can hold
it up for years — which can be economically danger
ous.
The proliferation of neighborhood associations of
all kinds makes it necessary to find out which are
active in the area of influence and to approach them.
They should be given information about the plans and
aided with their problems while maintaining frequent
contact with their activities and members. This may
or may not be of direct benefit to the company, but it
will certainly do no harm and may even contribute to
resolving certain problems effectively.
Although this may come as a shock, it is also
necessary to establish a close relationship with the
environmental movements in the area. Providing them
with complete and truthful information may prevent
them from requesting information from national or
international environmental movements and, in the
best case, it will serve as a real comparison and
mitigate many of the arguments that might arise.
Lastly, it is essential to maintain a flexible, continu
ous, and sincere relationship with the media. They act
as loudspeakers in the case of any protest and they are
a vehicle for accusations and complaints because they
exercise great influence on public opinion.
Therefore, an active policy of communication must
start by accepting that the installation of substations
and power lines will cause people to feel they are
legitimately affected. In many cases, these facilities
have an obvious impact on the landscape and efforts
should be made to minimize this.
Landscape considerations are a growing concern.
This is due to the desire to reduce negative impacts and
involves preventive and corrective measures to inte
grate the installations with their natural surroundings.
The interpretation of these preventive and corrective
measures, which lack visual realism, is limited to tech
nical staff. In these matters it is difficult for the public
to evaluate the effect of a new installation, power line,
or substation, on a landscape to which they are accus
tomed.
What does visual simulation mean? The area of in
formation technology that deals with graphic repre
sentation — in its widest sense — is called infography.
The definition of visual simulation is the application
of infographic techniques to obtain images or scenes of
things, which do not exist or which are removed from
the user in space or time. The objectives of visual sim
ulation in engineering work are as follows:
- To obtain representations of the project, which pro
vide an approximate idea of its aspect in the future,
showing the main components and its integration in
its surroundings.

Infographic simulations

- To facilitate the public's perception of the effect,
especially the visual and landscape effect, which the
new installation will produce.
It is the importance of the project or its effect on
the landscape, which determines whether or not it is
necessary to produce a visual simulation. However,
the simulation is a document of unquestionable value,
both for technical staff and customers, and this indi
cates that visual simulations should be carried out sys
tematically.
Infographic simulation in photo format is the most
widely used technique at the present time for vi
sual simulation in engineering design work and ar
chitecture. This is due to the fact that in recent years
highly realistic effects have been achieved with threedimensional models of the project components and
these can be effectively integrated with real pho
tographs, resulting in images with a high degree of
realism. Alternative methods of visual simulation are
limited almost exclusively to use by technical person
nel who can interpret synthetic images lacking in vi
sual realism. When it is necessary to convince the pub
lic by visual means, these synthetic images may result
in confusion, especially in the case of those who are not
accustomed to interpreting computer-generated im
ages.
The principle of infographic simulations in photo
format is very simple. It involves images that represent
the future reality of the different project alternatives
using photocomposition of the elements, which make
up the project. These images are obtained by synthe
sizing three-dimensional images on a real scene, which
is photographed from specific viewpoints. As can be
seen, the principle is simple but in practice it requires
a series of skills that are described below.

METHODOLOGY
The viewpoints of interest are determined in the office
based on the design of the future power line

The viewpoints from which the photographs will be
taken are selected by following a specific process:
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Fig. 1. Determination of possible view points using existing maps.

- Existing maps are used to determine the position of
possible viewpoints. Once these have been selected,
their UTM co-ordinates are noted for subsequent
location in the field. (See Fig. 1)
- In the field, GPS and the maps are used to locate
the points from where the photographs will be
taken - taking into account the existence of obstacles
which might interfere with the view and in which
case alternative points will be used which have
previously been determined in the office.
The photographs are taken from the selected points

The photographs in the field are taken under strict
controls with regard to position, lighting, and trans
parency of the air, apart from photography parameters.
All the details are noted on a form and used later to
simulate the characteristics of the synthetic scene with
great precision.
- Photographic details: numbering of photographs,
film details, lens, exposure and aperture, use of
filters, and polarizes.
- Position and angle of the camera: UTM co-ordinates
of the points, map location, the bearing (taken with
a compass), vertical angle, camera height, and the
reference of the object.
- Environment: date and time, height of the sun
(shadow length), sun azimuth (shadow bearing),
and lighting (degree of cloudiness). (See Fig. 2)

Fig. 2. Taking the photographs.
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Fig. 3. Storing the photograph on digital media.

Fig. 5. A digital model of the terrain.
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Fig. 4. Modelling the power line components in 3D.

The topography of the area in question is determined in
digital format

The process of preparing photographic material for
computer use starts after the film has been developed
and it can take two directions:
- Direct scanning of the film.
- Scarming of photographic enlargements.
In either case, once the final result has been ob
tained, it is stored on a suitable medium, such as CDROM and optical disk, for later use during the incor
poration of the digital model. (See Fig. 3)
A three-dimensional model is prepared of the project
components

Using the digital data of the detail drawings of the
project elements, these elements are digitally recreated
in three dimensions. This process is called "modeling."
The result is a graphic database, which contains the co
ordinates of the vertices that describe each object.
- In the case of power lines the elements which must
be modeled and which will be included later in the
final model are, towers and insulator sfrings, cables,
and a digital model of the ground. (See Fig. 4)
- In the case of substations the elements which must
be modeled and which will be included later in the
final model are compound platform, access roads,
internal roads, leveling and side slopes, fencing,
buildings, portal frames, bus bars, transformers
(voltage, current, etc.), power transformers, other
vertical elements in the compound (support insula
tors, etc.), compound entry towers, cables, and the
digital model of the terrain.
- From the point of view of simulation, natural ele
ments are reduced to different strata of vegetation.

Fig. 6. Locating the virtual camera in the digital model of the terrain.

These strata (grass, bushes, and trees) have different
degrees of simulation. However, only the tree stra
tum is susceptible to three-dimensional modeling.
A Digital Model of the Terrain (DMT) is prepared

From the point of view of simulation the terrain has
two specific functions. It supports the objects in the
simulation and the digital model of the terrain is used
as a three-dimensional body that blocks vision. (See
Fig. 5)
The digital model of the terrain is simply another
three-dimensional object. It must be constructed using
contour information, which on many occasions is the
only data available. The different heights in a scene
are reflected by contours which are lines joining points
of equal height. These details of relief are essential in
any visual impact evaluation and obviously they are
essential for the visual simulation of alternatives.
Integration and photocomposition is carried out in two
dimensions

In the integration and photocomposition stage, the
goal is to superimpose the elements of the project on
the base scene.
- The models of the supports and the cables of the
power line are located over the digital model of the
terrain in their real position.
- The next step is to position the virtual camera in
the model, adjusting the view point and the focal
distance to match that of the real photograph. (See
Fig. 6)

Infographic simulations
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Fig, 7. Adjusting the digital model of the terrain to the photograph.

Fig. 8. Generating the visual simulation with the photograph as a background.

Fig. 9. A lternative!.

- This provides a view of the model that matches that
of the photograph. (See Fig. 7)
- The final step is to generate the visual simulation
using the photograph as a background and to carry
out final rendering. (See Fig. 8)

RESULTS

Infographic simulations made by Red Electrica for
some of its installations are shown below. As these
have a photographic format, the people involved have
no trouble recognizing the area in simulation and this

facilitates their perception of the effect that will be
produced by the new installation.
Examples of new power line projects

1. An example of two alternative routes for a power
line near a castle (see Figs. 9 and 10).
2. An example of the replacement of a single-circuit
line by a double-circuit line (see Figs. 11 and 12).
3. An example of two alternative alignments (see
Figs. 13 and 14).
4. An example of the visual impact caused by different
types of supports (see Figs. 15 and 16).

J. Roig Soles, L. Gonzalez Cantalnpiedra, R. Arranz Cuestn, and /. Arevalo Camacho
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3. An example of a simulation of a new substation site
in different phases of construction (see Figs. 22, 23,
24, and 25).
Examples of new substation projects

1. An example of the simulation of a new substation
(see Figs. 17 and 18).
2. An example of alternative forms of substation con
struction (see Figs. 19,20, and 21).

CONCLUSIONS

During a project this methodology can represent the
visual impact, which each alternative will have on the

bifographic simulations
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F ig . 1 5 . P r o je c t w ith s t a n d a r d to w e r s .
F ig . 1 8 . S i m u la te d s u b s ta tio n .

F ig . 19. A ir i n s u la te d s u b s ta tio n — m e ta l f e n c in g .

F ig . 16. P r o je c t w it h t u b u la r to w e r s .
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F ig . 1 7 . O r ig in a l s ifu a tio n .

area surrounding the project. This feature facilitates
the choice of an acceptable solution in the case of
different alternatives. The use of this method so far has
generally obtained good results. It allows the opinion
of those affected to be taken into account and it fosters
acceptance of new installations.

At the present time any company, which wishes to
achieve excellence must pay the same level of attention
and care which it applies to the drawings and designs
of its engineers, to the design and development of
communication plans and strategies. Any refusal to
accept this will ignore the evidence and the medium
and long term consequences may be negative.
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P u b lic-P rivate C o o p eratio n in E lectric
Tran sm issio n Line S iting, T h e D o rch ester to
Q u in cy C ab le Project: A C ase S tud y

F. Paul Richards, Frank S. Smith, John Amodeo, and Margaret Mills

The Dorchester to Quincy Cable Project was initially a classic "not in my backyard" confrontation
between the electric company and the affected communities. The first part of the paper documents
our presentation of the need case; the importance of our understanding the local political-social
climate existing at the time; the process of consensus-building; the eventual turnaround by the
affected communities; and the ultimate routing concept that won whole-hearted community
endorsement. The second part of the paper deals with the process of using a necessary easement
agreement for the cable route through public land to structure a park plan, in lieu of cash payment,
that had direct community benefit. A series of community meetings led to the consensus for a
park plan incorporating the cables in its design. The initial phase of the park is due to open in the
spring of 2001.
Keywords: Transmission, siting, public participation, cables, park

NEED FOR THE PROJECT

Quincy, Massachusetts, a city of about 90,000 inhabi
tants, is on the coast adjacent to and south of Boston.
It is the primary commercial and industrial center in
the South Shore area of Massachusetts Bay. Prior to
the year 2000, Quincy with its 137 megawatts (MW)
of electrical load, was supplied by two 115,000 volt
(115 kV) underground electric cables and a number
of lower voltage cables which are owned and oper
ated by New England Power Company (NEP) and
Massachusetts Electric Company (MEC).^ No electrical
generating sources other than small private genera
tors are located within the load center. The existing
6.5 mile long 115 kV cables cross Quincy in public
streets and feed the only two supply substations in
the city. It was necessary to retire lower voltage, back
up cables late in 1999. Because the two 115 kV cables

1 New England Power Company and Massachusetts Electric Com
pany are subsidaries of National Grid USA.
E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.E Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

are in close proximity to each other, they are vulnera
ble to a very unlikely, but possible, coincident failure
which could take several days to repair and return to
service. Following retirement of the lower voltage ca
bles, and without some major additions to the electrical
system prior to 2000, loss of the two 115 kV transmis
sion cables could interrupt Quincy's entire electrical
supply for several days. In 1996, following a study of
several options NEP and MEC concluded that the reli
ability of Quincy's electric supply could be maintained
best by installing two 115 kV underground electric ca
bles between an NSTAR (aka Boston Edison) Company
substation in Dorchester, a neighborhood of Boston,
and a MEC substation in Quincy (the Dorchester to
Quincy Cable Project; Fig. 1).
PROJECT DESCRIPTION

The Dorchester to Quincy Cable Project involved the
installation of two 115 kV pipe-type electric cables in
8-inch diameter steel pipes and two fiberoptic control
cables in 2-inch diameter conduits. The cables and
conduits were primarily installed in a 5 j-fo ot wide
and deep open trench. In two special situations open
trenching was replaced by use of horizontal directional
drilling techniques for installion of the steel pipes.
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THE PROJECT CONTEXT

The principal contextual elements of the Dorchester to
Quincy Cable Project are land use, political processes,
Boston's construction explosion and the regulatory
framework.
Land use

Approximately two square miles of Dorchester and
Quincy were studied for possible cable routes. The
Dorchester portion of the area studied has mixed land
use with residential, commercial, light industry and

major transportation uses predominating. The Quincy
portion of the area studied is also mixed use with park
land, commercial, light industrial and condominium
complexes dominating. The Neponset River, with its
extensive shellfish flats, marshes, and estuarine envi
ronment, is the major natural environmental resource
in the area. Because the Neponset River forms the bor
der between Boston and Quincy it had to be crossed
by the cables. During the route selection process, the
Neponset River was designated an Area of Critical
Environmental Concern (ACEC) by the Massachusetts
Department of Environmental Management (DEM).

Public-private cooperation

This designation substantially limited the environmen
tal impact allowed for any new land uses proposed in
the vicinity of the Neponset River.
Political processes

It was the late Speaker of the US House of Represen
tatives, Thomas "Tip" O'Neill of Cambridge, Massa
chusetts, who said "All politics is local." Politics is
truly a way of life in Massachusetts, especially in and
around Boston. Not orrly are local executive and leg
islative elected officials vitally interested and involved
in the planning of what goes on in their spheres of in
terest, but so are the state legislators. Political interest
doesn't stop with elected officials. Numerous active,
formal and informal neighborhood associations exist
in the areas of Dorchester and Quincy considered for
the cables. While planning for the cable project, the
project team worked with twenty elected officials or
their representatives, and seventeen neighborhood as
sociations and environmental advocacy groups.
Boston’s construction explosion

Boston has been experiencing the effects of a construc
tion explosion for the last several years. The largest
of these projects, the "Big Dig," a $13 billion federal
highway project to depress 1-93 through the city, has
generated traffic impacts throughout the city includ
ing in the Dorchester neighborhood. In the same time
period ten other major projects have taken place, are
under construction, or are being planned for the area
that was being considered for the route of the trans
mission cables. Of course, in addition to the "mega
projects" there have been numerous ordinary projects
that inconvenience the public on a regular basis. Who
could fault the neighborhoods for their initial message
to the project team: "Enough is enough — Go away!"
Regulatory framework

Large, capital, utility projects in the Commonwealth
of Massachusetts are faced with a battery of federal,
state and local rules and regulations — many with
overlapping areas of responsibility — to be satisfied
during the permitting and licensing phase of such a
project. Massachusetts is generally considered one of
the most heavily regulated states^ with an extremely
informed and active environmental community. The
added factor that the cables would have to cross the
local transit authority lines, an Interstate highway, a
tidal river, a parkway and possibly state park land
only served to make the regulatory picture more
complicated.
2 The Dorchester to Quincy Cable Project required an en\ ironmental impact report, one federal permit, nine major state permits and
licenses, consultative review by six other state agencies or jurisdic
tions and two local permits. Additional construction related licenses
and permits were also required for much of the work.
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CONSENSUS BUILDING

Given the project context, it was apparent to project
management that a smooth licensing and permitting
process was critical to having the new cables ready
for service by the year 2000. This could not be ac
complished with opposition to the proposed project.
Project management felt that in order to keep the
schedule, it had to be able to demonstrate to the reg
ulatory agencies that not only was there no opposition
but that there was full support for the project in both
the Dorchester and Quincy communities. Given the
expected strong interest of the neighborhood groups,
the political leadership, and the environmental advo
cacy groups and regulators, full support was needed
from a variety of stakeholders^ with potentially vary
ing points of view. NEP and MEG felt that support for
the project could be best achieved through extensive
public participation in the selection of a preferred route
for the cables; by selecting a route where the prop
erty owners could feel that they would benefit from
allowing the cables to be installed; and, by selecting in
stallation methods that would minimize the potential
for construction impacts.
The first step in the public participation effort was
to meet with elected officials in each community and
with leading federal, state and local regulators to de
scribe the project, explain the need for it, seek their
response to some initial routing concepts and obtain
their advice on how best to solicit community input
for the route selection process. Based on those initial
meetings, the project team began meeting with nu
merous neighborhood groups, area business people,
local property owners, environmental regulators and
environmental advocacy groups to describe the project
and its need, project construction, schedule, permit
ting and licensing needs, and to seek input on routes
and to identify concerns about the possible impacts of
construction. Brochures for distribution at all meetings
and visual aids were developed and maintained cur
rent as routes were revised and as the project design
matured. Because Quincy and Dorchester have large
Asian populations, bilingual brochures were also de
veloped in Chinese/English and Vietnamese/English
formats. All public meetings were advertised in lo
cal newspapers. The project was represented at most
public meetings by a team of experts, including the
project manager, the cable or substation engineer (de
pending on the subject of the meeting), the project
manager of environmental studies, an expert on elec
tric and magnetic fields and a community liaison. All
3 The major stakeholders were seen to be the people that live and
work in the routing study area, public officials from Dorchester
and Quincy, several environmental groups interested in Boston
Harbor and the Neponset River, numerous civic associations, the
environmental regulators, the utility regulators, the major property
owners in the area and the management of New England Power
Company and Massachusetts Electric Company.
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questions raised at the meetings were answered as
forthrightly as possible and all routing suggestions
were taken seriously and investigated for feasibility of
implementation. Notes taken at the meetings served as
a reference for future project planning. To further gain
an understanding of community concerns and issues,
members of the project team frequently attended busi
ness association and community meetings on other
proposed projects in Dorchester and Quincy.
Through the public participation process, which in
volved over one hundred meetings during a two year
period, the project team was able to eliminate routes
that would have caused substantial community oppo
sition or that had significant construction constraints,
even though they initially seemed to be good choices
from a strictly technical perspective. The public par
ticipation process also brought to light opportunities
for routing and for partnering with property owners
in a way that would address public needs as part of
the compensation for permanent location rights.

PARTNERSHIPS WERE THE KEY

The initial proposed routes were primarily located
within city streets. In meetings in both communities,
the project team was strongly encouraged to investi
gate a route which made use of a relatively narrow
strip of undeveloped land adjacent to, but not on,
the Southeast Expressway (T93), one of most heav
ily traveled highways in the Commonwealth. That
route would then cross the Neponset River through
one of the most productive shellfish flats in the Com
monwealth and would cross undeveloped park land
owned by the Metropolitan District Commission
(MDC). Lastly, it would traverse along more than a
mile of private road which cut across coastal wetlands
and served as a private roadway to an industrial fa
cility and as access to a waterfront commercial and
residential development. On the surface, this route
seemed doomed to failure. However, through a series
of partnerships, the project team was able to make it
work. Ultimately, it became the route of first choice for
all stakeholders. A description of each of these partner
ships follows.
Massachusetts Highway Department

By locating about 56% of the Dorchester portion of
the cable route on vacant land owned by the Massa
chusetts Highway Department (MHD) adjacent to the
Southeast Expressway, a route could be established
which would avoid major streets in Dorchester. How
ever, the construction technique of horizontal direc
tional drilling would have to be used to avoid use of
private property adjacent to the MHD parcel while
installing about 1000 feet of the cables. MHD was
receptive to the idea of realizing some income from
previously unused land, provided the project team

would work closely with the agency during the design
and construction phases of the project to ensure that
construction would not affect traffic along the Express
way. Both parties readily agreed to the terms of this
partnership.
Environmental regulators

The partnership with the environmental community
came about primarily through the project's early recog
nition of the environmental community's major in
terests in the Neponset River and acceptance of its
guidance. After investigating several methods of ca
ble installation, the project team felt that crossing the
Neponset River, an underwater distance of about 1200
feet, with the horizontal directional drilling technique
would be the most environmentally benign method
and that it could address all of the concerns of the
environmental community. The environmental com
munity agreed. However, because the Neponset River
and its adjacent wetlands were in the process of being
designated an ACEC by the Massachusetts DEM, the
project team felt that it would be important to be able
to demonstrate that some direct and tangible environ
mental benefit could result from installing the cables
across the Neponset River at the proposed location.
The project team felt that if it could be a partner with
the MDC in the development of a park on MDC's park
land while crossing through it, the project would be
able to show that environmental benefit.
Metropolitan District Commission

Normally one would strive to avoid park land when
selecting a preferred route for a linear facility such as
an underground transmission line. However, circum
stances in this instance led the project team to explore
this option with the MDC. Coincident with the plan
ning for the new transmission cables to Quincy, the
MDC was developing a master plan for a park sys
tem along the Lower Neponset River. Qne of the sites
included in the Lower Neponset River Master Plan
(for development at some undesignated future time)
was park land on Squantum Point, through which
the project team wished to locate the cables. Further,
many local Quincy residents used the undeveloped
park lands for passive recreation, and they had ex
pressed an interest in the establishment of permanent
amenities which would better accommodate use of
the park land. Discussions between the MDC and the
project team led to a partnership agreement in which
NEP would receive a right to install, operate and main
tain the underground transmission cables in exchange
for the development of the initial phase of the park.
That would meet some of the goals of the MDC's Mas
ter Plan, provide many of the amenities desired by
the nearby Quincy residents and establish a direct and
tangible environmental benefit resulting from the in
stallation of the cables in that location.

Public-private cooperation

Owner of a private roadway

The last major link in this improbable route involved
establishing a partnership with the owner of 3500 feet
of private, two-lane roadway. This last link would
complete most of the route from the MDC park land to
the MEC substation. Although a private roadway, it is
used by travelers to an adjacent multi-use waterfront
development and other abutters as if it was a public
street. Because the roadway was in need of repair,
a number of community leaders and area residents
had been advocating for its improvement. NEP gained
project support from the owner of the road and area
residents when NEP committed to resurfacing the full
width of the roadway, rather than just the lane affected
by the construction. An additional potential benefit for
the community brought about by NEP's commitment
was that the owner of the roadway and the City of
Quincy began discussions to explore the possibility
of undertaking further road improvements while the
road was under repair following the cable installation.
Acting on routing possibilities identified through
the public participation process, no matter how im
probable, guided the project to a route that could be
actively supported by the public, environmental and
political leadership. The most visible and complex
partnership was with the MDC and the development
of Squantum Point Park.

CULTURAL AND ENVIRONMENTAL RESOURCES AT
SQUANTUM POINT

The section of land called Squantum Point is located
between Quincy and Boston, a highly urbanized area
(Fig. 1). Squantum Point contains existing open space
and natural resources, uncommon in a location so close
to a major metropolitan area.
It had been host to varied activities over the past
century. In the late 1800s, this parcel was within a
larger area known at the time as Squantum Mead
ows, and contained undeveloped salt marshes and
uplands owned by many individual farmers. The Har
vard Boston Aero Association's use of a portion of
Squantum Point as an airfield in 1910 marked the be
ginning of Squantum Point's significant involvement
in aviation industry. In 1917, the Massachusetts Naval
Militia set up a naval aviation program at Squantum
Point, establishing a military presence that lasted un
til the 1950s. During that time, the site on Squantum
Point served as a naval training facility, a US Naval Re
serve Air Station (NRAS), and a US Naval Air Station.
Over the years, Squantum aviation operations hosted
many industry luminaries including Amelia Earhart,
Wilbur Wright and Joe Kennedy. In addition to its avi
ation history, a private shipbuilding facility occupied
the site during World War 1, producing a record num
ber of destroyer ships for the war effort. During the
period of military occupation, the US Navy altered the

811

site significantly in several phases, filling it with ma
rine clays and dredge spoil to accommodate runway
development, and expanding and stabilizing the nat
ural shoreline with a 1700 lineal foot steel bulkhead.
The Squantum Point NRAS was deactivated in 1953
and there have been few comprehensive uses of the site
since. In the 1960s, a department store warehouse, one
of the largest of its day, was constructed in the south
west portion of the site extending beyond its southern
boundary. The northernmost tip of land was acquired
by the MDC in the late 1960s, but was not formally de
veloped as a park. In the 1970s, the Marina Bay Com
pany developed upscale housing just beyond the park
land's eastern boundary. The Massachusetts Water Re
sources Authority (MWRA) constructed a temporary
parking lot and ferry terminal in a portion of the park
land for one of the major projects of the Boston Har
bor cleanup. During recent years, the strong economy
has spurred further development of the area, such as
market-rate townhouse construction and varied living
facilities for seniors. Currently, the Squantum Point
park land is completely undeveloped, except for the
MWRA parking lot, and consists of a relatively quiet,
level piece of land, dominated by scrub-shrub commu
nities and surrounded by sandy beaches and tidal flats.
Remnants of an abandoned runway and taxiway serve
as reminders of the previous uses of the site.
A natural resources investigation of Squantum Point
identified fourteen wetland resource areas within the
park land. Nine wetlands are salt marsh areas lining
the northern and western sides of the site. Five inte
rior wetlands exist in disturbed areas altered by the
placement of fill. Some of these wetlands are the re
sult of filling activity (i.e., perched), especially when
marine clays and compacted materials were placed as
fill material. Other areas exhibit remnant hydrologic
characteristics of original wetland communities. Habi
tat mapping indicated that the area is dominated by a
scrub-shrub community, with little variation in shrub
species throughout the site. Areas of special ecologi
cal importance in the vicinity of the site are salt marsh
and mud flat. A wildlife inventory within each habi
tat indicated much avian activity was present on the
site. Bird sitings indicated heavy use of the tidal flats
and scrub-shrub habitat type. Over 185 bird species
have been recorded from the area. Fifteen state-listed
bird species protected by the Massachusetts Endan
gered Species Act have been noted at the Squantum
Point area through the Massachusetts Natural Her
itage Program. The site is known as a major resting
area for spring and fall migrations for a number of
bird species. Shellfish flats bordering both Dorchester
Bay and the Neponset River were inventoried. A broad
band of extemely productive soft shell clam flats was
documented, as were extensive mussel beds nearer to
the low water zone.
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PUBLIC PROCESS FOR SQUANTUM POINT PARK

To address the park improvements agreed upon be
tween NEP and the MDC for the cable easement
through Squantum Point Park, NEP retained a local
landscape architecture firm to develop a master plan
and construction documents for an initial phase of site
improvements for the park. With such high project
visibility, a public participation process would be es
sential in building consensus for the park design.
Before the design was begun, NEP/MDC held a
workshop by invitation, where park abutters, harbor
advocates, environmentalists, regulatory agencies, and
public officials met to outline the anticipated regu
latory requirements, and identify design issues that
might be of concern to the public. Issues cited ranged
from the pragmatic needs for parking, soccer fields.

and a boat ramp, to environmental concerns for mi
gratory bird habitat, coastal bank erosion and salt
marsh preservation. Park use issues such as develop
ment of a Visitor Center, local and regional multi-use
path circulation, maintenance and operations were
also addressed. Input from this meeting became the
foundation on which the conceptual park design was
developed.
During the design process for the master plan
and the initial phase site improvements, three wellattended public meetings were held. Various concept
alternatives for the park were presented, and one was
chosen that balanced the public needs for parking
and active recreation with concerns for wetlands and
migratory bird habitat (Pig. 2). An arrangement of
parking, walkways, overlooks, and open space was
proposed during this process and received full pub-
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Fig. 2. Squantum Point Park, concept alternative.
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Public-private cooperation

lie consensus. The public also supported the proposed
interpretive program concept, emphasizing the impor
tance of recognizing the site's unique aviation history.

SQUANTUM POINT PARK DESIGN

The Squantum Point Park Master Plan addressed the
entire 45-acre parcel (Fig. 3). The most significant im
provement shown in this Master Plan is a coastal
esplanade with intermittent overlooks focusing on har
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bor views, and a major overlook at the Point featuring
a dramatic view of the Boston skyline. The Point over
look is at the confluence of the coastal esplanade and a
wide linear meadow that traces the path of the former
US Naval Air Station runway. Paths along the former
runway and taxiways provide small and large walking
loop alternatives within the site, addressing commu
nity concerns for a loop circulation system. A system
of crosspaths frame wide bands of wildflowers that to
gether trace the existing overhead flight paths to Logan
International Airport. Along former air base taxiways.

t f

Fig. 3. Squantum Point Park, master plan.
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a nature trail system was added to allow for bird
watching and closer observation of natural features.
The disintegrating steel and concrete bulkhead along
the bay will be eventually replaced by a bioengineered
system that would stabilize the eroding coastal bank
in a more natural way. A reconfigured site entryway
and parking lot simplifies vehicular circulation, fo
cuses views on the water, and allows for informal field
games in an open green space south of the parking
lot, satisfying community recreation concerns. Public
interest in the site's history was met by an interpre
tive marker system featuring maritime history along
the coastal path, aviation history along the former run
way, and ecological features along the nature path. A
boat ramp was briefly entertained, but later eliminated
from this Master Plan because it would be only 25%
usable without dredging, which is not allowed in an
ACEC.
The initial phase of this Master Plan is being con
structed by NEP and roughly follows the route of the
cable installation. The Aviation Walk and the Point
construction are major features of this phase. There
is also an elevated overlook at the southern end of
the former runway. Ten interpretive markers featur
ing aviation, cultural and natural features are included
at overlooks and gathering places, including a map of
the harbor engraved in granite at the Point overlook.
Restoration of the runway meadow, and introduction
of wild flower bands with only native plant materi
als enhance aesthetics as well as improve wildlife and
avian habitat. The bulkhead at the Point overlook
is reconfigured with bleacher seat terracing, offering
improved appreciation of the beach flats and harbor
\’iews. With Phase I park improvements underway,
NEP has taken a major step toward facilitating future
site improvements at Squantum Point Park.

SUCCESS — REGULATORY AND COMMUNITY
ACCEPTANCE

also like to comment on the effort the company ex
pended in working with the people of the community
and disseminating information regarding this project.
The record demonstrates that the company held over
100 community meetings about the project. Further,
the Siting Board received numerous letters of commu
nity support for the company to construct the pro
posed transmission line along the primary route." One
of the most significant contributors to this feeling of
good will and support by the public was the com
mitment by MEC and NEP to undertake the initial
development of Squantum Point Park which is due to
be completed by spring 2001.

POSTSCRIPT

MFC's and NEP's commitment to community involve
ment extended throughout construction of the project
by placing special emphasis on keeping the communi
ties informed about construction plans and progress.
This was done in four ways. First, project management
established the position of "Project Community Liai
son" whose primary responsibilities were to keep the
people who might be affected by construction activities
informed about project plans, and to keep the contrac
tors informed about public concerns that would have
to be addressed during construction. Second, a 24 h call
line was established through an answering service so
that emergency calls could be addressed immediately
and other calls could be addressed as soon as possi
ble, but within 24 h. Third, in addition to establishing
face-to-face and telephone communications, NEP pub
lished a monthly project newsletter (distribution about
200) which was mailed to community leaders and oth
ers living in the vicinity of the project. Fourth, NEP
maintained a project web site, www.cableproject.com,
which was updated on a regular basis.
The project team proudly reports that the two new
cables were installed and were available for use by
November 1999 and January 2000, respectively.

ACKNOWLEDGEMENTS

The effectiveness of the public participation process
and the building of partnerships was demonstrated
during the hearings before the Massachusetts Energy
Facilities Siting Board, when in Dorchester and Quincy
a number of community leaders, property owners
and elected officials or their representatives spoke in
favor of the project and commended the National Grid
Companies on how well they involved the community
in the process of route selection. No one spoke in
opposition to the project at those public meetings. As
a result, the adjudicatory portion of the hearings took
only half of the time initially planned.
MFC's and NEP's inclusion of the public in plan
ning the project was acknowledged on the record by
the Energy Facilities Siting Board hearing officer dur
ing her concluding remarks, when she said, "I would

We wish to acknowledge the time and effort ex
pended on behalf of this project by the MDC, most
notably Julia O'Brien, Rich Kleiman, and Cathy Gar
nett. Their guidance was greatly appreciated. National
Grid provided financial and technical support. Ms. Su
san Brochu typed the manuscript.

BIOGRAPHICAL SKETCHES
F. Paul R ichards
National Grid USA Service Company, 55 Bearfoot Road,
Northboroiigh, MA 01532, USA
F. Paul Richards has a BS in Zoology from the Univer
sity of Massachusetts at Amherst and an MS in Marine

Public-private cooperation

Biology from the University of Massachusetts at Dart
mouth. He currently serves as Principal Environmental
Engineer for National Grid USA Service Company. He
had worked previously as an environmental consul
tant to the electric power and natural gas industries
throughout the United States for over 25 years.
Frank S. Smith
National Grid USA Service Company (Retired),148 Ash
land Street, Melrose, MA 02176, USA
Erank Smith has a BS in Engineering from Trinity
College, a BCE from Renssalaer Polytechnic Institute,
and an MCE from Northeastern University. He retired
as Consulting Engineer from National Grid in 1999
where he was employed for 40 years and where he
managed major electrical transmission and generation
projects. He is now self-employed as a consultant to
the electric industry.

815

John A m odeo
Carol R. Johnson Associates, Inc., 115 Broad Street
Boston, MA 02110, USA
John Amodeo has a BS in Landscape Architecture from
Cornell University and a MLA from Harvard Uni
versity. He serves as a Senior Associate for Carol R.
Johnson Associates, Inc. He has 20 years of profes
sional experience and manages site-planning projects
domestically and internationally.
M argaret M ills
Earth Tech, Inc., 300 Baker Ave., Concord, MA 01742,
USA
Margaret Mills has a BA in Biology from Hood Col
lege and an MS in Zoology from the University of
New Hampshire. She is a Senior Project Manager for
Earth Tech. She has more than 20 years experience in
biological research and environmental consulting. Her
specialties are aquatic ecology and marine biology.

Part XIV
Regulatory Compliance

819

Recent Advances in Evaluating, Selecting, and
Training Environmental Inspectors
Lynette Curthoys

The role of the environmental inspector on linear construction projects has evolved into a
unique job description that requires both technical and interpersonal skills. Evaluating and
selecting qualified environmental inspectors and adequately training them on project-specific
requirements and procedures is critical to a successful environmental compliance management
program for large-scale linear construction projects. Drawing from lessons learned on recent
linear construction projects and a survey of 20 environmental managers from the electric, gas,
transportation, and water industries, this paper discusses key evaluation criteria for selecting
qualified environmental inspectors. The paper also provides recommendations for providing
comprehensive, project-specific training for environmental inspectors that covers relevant agency
jurisdictions, mitigation requirements, communication standards, environmental management
systems, and team building. As this paper demonstrates, environmental managers should
consider using strategic evaluation criteria and comprehensive, project-specific training in
selecting and preparing their environmental inspection team.
Keywords: Construction, pipeline, vector, maritimes, alliance

INTRODUCTION

Over the past 10 years, environmental inspection (or
some form of environmental oversight during con
struction) has become the norm on most large-scale
linear construction projects in the United States. Project
proponents typically hire environmental inspectors to
oversee their construction contractor's environmental
performance and ensure compliance with the numer
ous permit conditions and mitigation measures that
are commonly required on construction projects. In
some cases, permitting agencies, such as the Federal
Energy Regulatory Commission (FERC) or the United
States Bureau of Land Management, require project
proponents to employ environmental inspectors to
oversee environmental compliance in the field. In ad
dition, regulatory agencies and permitting authorities
often employ their own mordtors to enforce compli
ance, either through a "third party" inspection firm or
by using in-house agency enforcement personnel.
Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserv'ed.

Training has played an important role in the envi
ronmental inspection field since its inception. When
the field was in its infancy, environmental managers
sought common-sense individuals with environmen
tal degrees and trained them in construction proce
dures and mitigation practices. Alternatively, compa
nies hired individuals with a construction inspection
background and provided training on the environmen
tal aspects of the job.
However, the environmental inspection field has
matured over the last 10 years, and the growing pool
of professional environmental inspectors and monitors
now includes individuals with significant expertise
and experience. As a result, the role of the environmen
tal inspector has evolved into a unique job that requires
both technical and interpersonal skills. The stereotypi
cal "environmentalist" who writes up non-compliance
reports has been largely replaced by environmental in
spectors with several years of construction experience,
strong negotiation and communication skills, and spe
cialized expertise in erosion control and stream and
wetland crossing procedures.
For environmental managers tasked with assem
bling inspection teams, the selection criteria and train
ing needs for environmental inspectors have changed
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as the environmental inspection field has matured and
standards have risen. Training programs for experi
enced environmental inspection staff can assume a
base level of knowledge and can focus on projectspecific requirements and procedures. However, as is
the case with most employment sectors in today's
booming economy, the applicant pool for qualified
environmental inspectors appears to be limited in
the face of growing demand. While many environ
mental managers can now select from a pool of ex
perienced environmental inspectors, there remains a
strong need to bring new inspectors into the field and
train them to the higher standards that have been es
tablished.
The purpose of this paper is to share informa
tion on recent advances in evaluating, selecting, and
training qualified environmental inspectors. The paper
includes specific recommendations for environmental
managers who are tasked with assembling effective en
vironmental inspection programs for construction of
linear utility or infrastructure projects. The paper con
cludes with a discussion of the need to increase the
pool of qualified environmental inspectors through in
dustry training and certification programs. While the
selection criteria and training needs of today's envi
ronmental inspectors have changed, one thing has not
changed: evaluating and selecting qualified environ
mental inspectors and providing them with appropri
ate training remains critical to a successful environ
mental management program.

METHODS

This paper represents observations and recommenda
tions based on the experience of seven recent success
ful environmental management and inspection pro
grams on linear construction projects across the United
States, as well as the results of an informal survey of
20 environmental managers in the United States and
Canada.
The projects

The environmental management and inspection pro
grams of the following projects were evaluated based
on post-project lessons learned documents and/or in
terviews with key project staff from: Vector Pipeline
(2000), Alliance Pipeline (1999-2000), Maritimes and
Northeast Phase II (1999), Alturas 345 kV Intertie
(1999), TransColorado Pipeline (1998), Express Pipeline
(1996), and Tuscarora Gas Transmission (1995). Project
proponents for all seven of these projects established
comprehensive environmental compliance manage
ment programs, which involved both environmen
tal inspection programs managed by the proponent,
as well as regulatory agency monitoring and over
sight.

The survey

A two-page, nine-question survey was distributed to
30 environmental managers from the gas, oil, elec
tric, water, fiber optics, and transportation industries.
Twenty surveys were returned, for a response rate of
67%. While the sample size of the survey is small, the
responses provide valuable insight into the state of the
industry.

RESULTS/CONCLUSIONS
Qualified environmental inspectors are a rare
commodity

Although the environmental inspection field has
grown significantly over the past decade, environmen
tal managers still perceive there to be a limited pool
of qualified inspectors. In fact, over 45% of the en
vironmental managers surveyed believed there were
less than 200 qualified environmental inspectors in the
United States and Canada; 70% believed there to be
less than 600. This is a small number, given that over 60
environmental inspectors were employed at the peak
of construction in 1999 on just two projects in the gas
industry alone (Maritimes and Alliance).
Environmental inspection experience is critical

Seventy-five percent of the environmental managers
surveyed indicated that past environmental inspection
experience is the first thing they look at on an envi
ronmental inspector's resume. Previous construction
project experience was a distant second at 25%. While
past environmental inspection experience is critical,
several survey respondents (as well as the experi
ence of recent construction projects) indicated that staff
without direct environmental inspection experience
can be very effective if they receive proper training and
work under the direction of a qualified lead/chief en
vironmental inspector.
Construction experience is more important than
environmental expertise

Environmental inspectors are expected to have a back
ground that combines environmental expertise with
past construction project experience. However, when
asked to rank several possible selection criteria for
hiring environmental inspectors, prior construction
experience ranked substantially higher than educa
tion/environmental expertise as the most important
criteria. Prior experience with the company, educa
tion/environmental expertise, and reputation/referen
ce were all ranked approximately second as selection
criteria, while communication skills and costs were
considered the least important selection criteria.
While it is not surprising that companies are willing
to pay a premium for qualified environmental inspec
tors (given the perceived shortage of qualified staff
reported above), communication skills were ranked
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surprisingly low, given the experience of recent con
struction projects. All of the seven projects that were
evaluated for this analysis considered communication
skills to be a critical selection criteria for environ
mental inspectors. In fact, applicants with significant
construction and environmental inspection experience
were rejected if they lacked proven communication
and teamwork skills.
Environmental managers expect inspectors to arrive
trained in the basics

Over 60% of environmental managers surveyed expect
environmental inspectors to come to their project with
knowledge of environmental best management prac
tices, environmental inspection skills, communication
skills, and computer skills — without providing addi
tional training. The vast majority (over 95%) expected
to provide some level of project-specific training, al
though 35% expected environmental inspectors to also
have some familiarity with the project's requirements
on their own. Just 10% believed it was important to
provide training on communication skills. Half of the
environmental managers surveyed indicated that their
expectations for existing qualifications of new environ
mental inspectors had increased in the last five years,
while half indicafed no change in their expectations.
The seven projects considered in this assessment
provided some level of formal training for their envi
ronmental inspectors, ranging from two to five days.
The environmental inspector training programs in
cluded technical topics, such as project-specific en
vironmental requirements, as well as skills training
(e.g., communication skills, training skills, and en
vironmental inspection skills). Perhaps most impor
tantly, all seven projects provided training on both the
project's environmental management procedures (i.e.,
variance process, non-compliance levels, reporting re
quirements), as well as the company's environmental
management approach. As an example, the Maritimes
Project trained both its environmental and construc
tion inspectors on an approach that emphasized team
work, communication, looking ahead of construction
to anticipate problems, strong agency relationships,
and zero tolerance for environmental non-compliance.
This approach was communicated and supported from
the highest level of the project, setting clear expecta
tions for all project staff.
Preconstruction preparation time is critical

Another important aspect of environmental inspector
training and preparedness is allowing adequate time
prior to construction for inspectors to study project
documents and familiarize themselves with the rightof-way. The amount of time needed varies depending
on the complexity of the project and can range from
one to four weeks or more. Fifty percent of envi
ronmental managers surveyed indicated that environ
mental inspectors should report to the job site two
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weeks before the construction start date, while 30% be
lieved only one week was needed and 20% indicated
three or more weeks were needed. The seven projects
considered for fhis assessment also demonstrated a
wide range in preparation time for environmental in
spectors, ranging from two to eight weeks.
In addition to project complexity, this significant
range in environmental inspector preconstruction pre
paration time may also be attributed to differing expec
tations for the role of environmental inspectors prior to
construction. Some projects expect the environmental
inspection staff to assist in final routing and permit
ting, install resource flagging and signage, conduct
preconstruction biological surveys, and prepare vari
ance requests. These activities can take significant time,
requiring inspectors to arrive at the job site much ear
lier than is necessary if their preconstruction respon
sibilities are limited to individual preparation tasks
(e.g., reading project documents, reviewing right-ofway conditions).
Assembling spread teams

Because many large-scale construction projects typi
cally require more than one environmental inspector
per spread, assigning effective and cohesive spread
inspection teams is often just as important as select
ing qualified individual inspectors. While technical
expertise is an important factor in making spread as
signments, other factors such as "team chemistry" and
individual preference should also be considered.
Seventy percent of environmental managers sur
veyed consider technical expertise as the most impor
tant criteria for spread team assignments (e.g., assign
ing erosion control experts to the spread with steep
slopes), while 30% ranked team chemistry as the most
important criteria (i.e., assembling a group that will
work well together). Individual preference was ranked
the least important criteria to consider when making
spread team assignments.

RECOMMENDATIONS

Environmental managers are encouraged to consider
the following recommendations when selecting and
training environmental inspectors:
1. When evaluating an individual's prior environmen
tal inspection and construction experience, envi
ronmental managers should not just consider the
number of projects that are listed on a resume, but
also which projects are listed and whether or not the
projects were successful. Full analysis of an individ
ual's experience often requires looking beyond their
resume, including reference checks.
2. Environmental managers need to consider more
than just resume qualifications to determine if an in
dividual is a good fit for their environmental inspec
tion team. Communication and teamwork skills can
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be equally important — and a lack of these skills
can quickly negate years of experience in terms
of an inspector's overall effectiveness in the field.
Communication skills may have been under-ranked
in the survey results because they are difficult to
measure and assess during the hiring process. Envi
ronmental managers should consider using scenar
ios and role-play activities to assess communication
and teamwork skills during in-person interviews
with potential candidates. For example, a candi
date could role-play their response to a resistant
construction foreman or an irate agency inspector.
Scenarios can also help assess an inspector's judg
ment, another key factor in selecting inspectors. If
the scenarios and role-play activities give any indi
cation that the individual would not be a right fit for
the team, the applicant should be rejected.
3. Total years of experience should not be used as a
surrogate for evaluating actual knowledge of en
vironmental best management practices. Environ
mental managers should consider using a verbal
or written test to assess applicants' familiarity with
standard environmental practices. Some form of
testing is particularly critical if the manager does
not intend to provide training on basic environmen
tal requirements. The test can be "open book" with
project documents, but should be taken during the
interview (i.e., not mailed).
4. Even qualified, experienced environmental inspec
tors need at least one or two days of formal training
before beginning work. Some very simple projects
can do just one day, but most require at least two.
Training topics should include project-specific re
quirements, resources, and agency jurisdictions. To
be effective, the content should focus on informa
tion that the environmental inspectors need to know
for the construction phase of the project (e.g., dis
cuss sensitive resources that were found during
preconstruction surveys, not resources that will be
avoided). Perhaps most importantly, the training
must provide clear direction and set expectations
for the project's environmental management proce
dures, organization, and approach. It is critical to
have high-level project staff speak at the training
to emphasize the importance of the environmental
program and demonstrate a strong organizational
commitment to compliance. Finally, the training
should be highly interactive, including activities
that test knowledge of the requirements and help
calibrate judgment and approach.
5. Environmental inspectors need to report to the field
at least two weeks ahead of the construction start
date for projects with any degree of size or complex
ity. The inspectors need enough time to study the
project documents (including mitigation plans, per
mits, contract specifications, alignment sheets, and
line lists), attend training, and perform detailed re
connaissance of the right-of-way and access roads.

Even relatively small-scale, simple projects typically
require at least two days to read through the project
documents and review the right-of-way, plus one
day of training. If the environmental inspectors are
expected to have a larger role prior to construc
tion (i.e., installing flagging and signs, conducting
preconstruction surveys, etc.), they will likely need
more than two weeks.
6. Environmental managers should consider team che
mistry and personal preference, in addition to tech
nical skills, when making spread team assignments.
Sometimes details like geographical location, antic
ipated duration of construction, and surrounding
environment can be important to individual job
satisfaction and staff retention. While individual
preference was ranked the least important criteria
to consider when making spread team assignments,
the importance of this criterion should not be un
derestimated. Environmental inspectors often work
long hours under stressful conditions, making team
morale and employee satisfaction a significant chal
lenge that environmental managers face. When an
environmental inspector leaves a project for profes
sional or personal reasons, it can be very disruptive
to the environmental inspection program. Some
times making the extra effort to assign inspectors to
the spread of their choice can make all the difference
in staff retention.
7. Regardless of whether they hire individual employ
ees or out-source inspection services to a consul
tant team, environmental managers should look
beyond individual hiring decisions and focus on
building and maintaining an effective organization.
While the first step is to hire individuals with good
communication and teamwork skills, environmen
tal managers must also set clear expectations during
the initial training and continue to support their
staff throughout the duration of the project to main
tain a strong team. This requires managing the peo
ple problems before they become project problems.
In addition, small gestures like barbecues, hats, tshirts, newsletters, and the like can go a long way
towards maintaining a solid and effective team.

CLOSING

Environmental managers should consider the specific
recommendations provided above in light of the com
plexity and size of their projects, however, the concepts
discussed in this paper can be effectively applied to
any linear construction project. Environmental com
pliance management programs are only as effective
as the people who implement them on the ground.
A project's environmental inspectors are the program's
daily representatives in the field with contractors, con
struction managers, and agency representatives. Suc
cessful environmental managers must take an active
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role in the strategic hiring, training, and support of
their environmental inspection teams.
In closing, industry organizations have an impor
tant role to play attracting new environmental in
spectors to the field and training them on basic in
spection skills. As discussed above, environmental
managers expect to hire experienced environmental
inspectors who do not require training on environmen
tal best management practices, environmental inspec
tion skills, communication skills, and computer skills.
However, energy companies will be installing a sig
nificant amount of infrastructure in the coming years,
and the pool of experienced environmental inspectors
is limited.
Existing industry training programs include the
Southern Gas Association's annual Environmental In
spection and Construction Compliance Workshop,
which offers both a basic track for new environ
mental inspectors and an advanced track for more
experienced inspectors and environmental managers
(Southern Gas Association, 2001). The Calgary-based
Petroleum Industry Training Service also offers a semi
annual basic pipeline environmental inspection course
(Petroleum Industry Training Service, 2001). The FERC
also offers a Post-Certificate Environmental Compli
ance course for the industry. In the coming years, an
optional certification program for professional envi
ronmental inspectors may be the answer to ensuring
environmental managers can continue to select envi
ronmental inspectors from a qualified applicant pool.
While a mandatory certification program could po
tentially decrease the pool of qualified environmental
inspectors, an optional program could provide envi
ronmental managers with an additional avenue for
identifying and selecting qualified inspection person
nel.
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Emergency Transmission Line
Repair and Reinforcement Project:
Environmental Management Overview
Franck Berry, Lauren Caldwell, Cameron Hiebert, and Bill Poirier

The winter of 1999 produced record snow pack levels in high-elevation areas of coastal British
Columbia. Snow-pressure caused major structural damage to towers along two high voltage
transmission corridors integral to the supply of electrical service to Vancouver Island and the
Sunshine Coast. Although interim repairs were undertaken to limit the risk of circuit failure,
the system required major reconstruction and upgrades to reduce the risk of future damage.
A project team was formed to commence planning, coordination and execution of the repairs.
Restricted access, due to heavy snow conditions, did not allow for a full evaluation of the
extent of tower damage until close to the start of construction when snow had melted. It
also hindered the assessment of proposed access roads, work area ground type and drainage
characteristics in the work zone. To address environmental concerns, BC Hydro prepared an
Environmental Management Plan (EMP) identifying potential impacts relating to the works and
mitigation procedures to be implemented during the project. To expedite agency and stakeholder
approval, an agreement was made between BC Hydro and the Ministry of Environment
to work cooperatively, use a one-window lead agency approach to make timely decisions.
An environmental monitor was used during the project to consult with the project team
on unforeseen issues and implement the EMP. The purpose of this paper is to present the
challenges encountered and solutions sought to address environmental issues resulting from a
challenging construction project: the emergency repair and reinforcement of transmission line
circuits 5L 30/32/45. The paper discusses the strategy used to ensure successful completion of the
required tasks in the short timeline available and under unknown and evolving site conditions.
Keywords: Emergency, British Columbia, environmental management, impact mitigation, regula
tory compliance, environmental monitoring

INTRODUCTION

The BC Hydro Electric Generation System extends
throughout the various regions of the province. It is an
integrated network of 29 hydroelectric generating sta
tions, one conventional thermal station and two com
bustion turbine stations with a total installed generat
ing capacity of 10,762 MW. Most of British Columbia's
energy is provided by hydroelectric generation and is
transmitted and distributed via a province-wide sys
tem of transmission and distribution lines.
Environmental Concerns in Rights-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

An unusually large snow pack during the winter
of 1998/99 caused significant damage to BC Hydro's
5L30, 5L32, and 5L45 high voltage circuits in the
Squamish-Sunshine Coast area resulting in an emer
gency situation. The three circuits run along two corri
dors, 5L30/32 in the Sechelt Creek/Tantalus Mountain
Range and 5L45 in the Stawamus and Indian River Wa
tersheds, near Squamish, BC as shown in Fig. 1.
In the Tantalus Mountains the snow pack was 200%
of normal, measuring 8-12 m deep in some locations.
Regular helicopter patrols identified numerous dam
aged towers in high elevation areas. Snow pressure
caused major structural damage to tower metalwork,
foundations, and anchors resulting in a high risk to the
security of electrical service to Vancouver Island and
the Sunshine Coast.

826

f. Berry, L Caldwell, C. Hiebert, and B. Poirier

The project was considered non-traditional because
site conditions were unknown and work strategies
evolved during the course of the project. In addition to
the short construction season, complicating factors in
cluded restricted outages, difficult access, environmen
tally sensitive sites, multiple stakeholders and multiple
agency approval. To protect the transmission system
and minimize the potential for future snow damage,
BC Hydro executed an extraordinary project during
the summer of 1999 to repair damaged towers and
complete upgrades at critical locations.

Substation in Squamish. The corridor runs adjacent to
Buntzen Lake, Indian Arm, Indian River and Stawamus River. Near the boundary of the Stawamus and In
dian River watersheds, it passes over a high-elevation
area and descends as it follows the Stawamus River
to the terminus near Squamish. Its high elevation,
avalanche tracks, proximity to the Stawamus River,
and designation as a municipal water supply makes
this corridor sensitive.

Location

The following list of the agencies and organizations
were contacted and involved in the project decision
making process:
- BC Environment — Section 9 Water Act Approval
and appointment of represenfative to Environmen
tal Management Project Team
- District of Squamish — entry into Stawamus Water
shed and City of Squamish wafer supply area
- Ministry of Eoresfs — removal of vegetafion on
crown lands, danger trees and slashing
- Centra Gas — use of right-of-way for access and
crossing pipeline near 5L30/32 and 5L45
- Canadian Eoresf Products Limited (Canfor) — use
of their forest service access roads and entry into
timber area under their jurisdiction

Stakeholders

Two parallel 500 kV circuits, 5L30 and 5L32 (5L30/32),
connect Cheekye Substation in Squamish and Malaspina Substation on the west coast of the Sechelt
Peninsula. From Squamish, the corridor follows the
coast around Howe Sound, ascends to a high-elevation
pass in the Tantalus Mountain Range and follows fhe
Sechelf Creek valley fo Salmon Inlet. After crossing
Sechelt Inlet, the corridor ascends and crosses over
Caren Mountain Range and terminates near Pender
Harbor. This corridor is environmentally sensitive due
to its high elev^ation, proximity to a number of fish
bearing creeks, steep slopes, previous logging activi
ties and associated access roads.
The second transmission line corridor, the 5L45,
connects Meridian Substation in Coquitlam to Cheekye

Emergency transmission line repair and reinforcement project

Terminal Forest Products — use of their forest ser
vice access roads and entry into timber area under
their jurisdiction
First Nations — work within traditional territories

SCOPE OF WORK
Project planning

A major amount of planning and public consultation
was required prior to the initiation of the construction
project. BC Hydro immediately notified potentially
affected communities and large industrial customers
about the risk of power outages. The 5L30/32 system is
designed to accommodate the loss of one line with no
impact to customers, but simultaneous failure of both
500 kV circuits would cause outages to customers on
the Sunshine Coast and Vancouver Island. Meetings
were held with industrial customers to keep them
informed of on-going developments.
Contingency plans were developed to address all
conceivable outage scenarios and minimize length
of service disruption. Electricity supply to affected
residential and commercial customers could likely
be restored within hours using generating facilities
on Vancouver Island and other transmission facilities
serving the Sunshine Coast and Vancouver Island. To
ensure power restoration and minimize impacts, BC
Hydro commenced and completed a by-pass line to
the Sunshine Coast, thereby enabling power to be
re-connected to all Sunshine Coast customers within
hours.
A project team was formed from experts across
BC Hydro's strategic business units. Their objective
was to minimize the potential for damage to the lines
by repairing and upgrading the system to withstand
future "one-in-a-hundred year" snowfall events. Plan
ning tasks included developing strategies for interim
stabilization, preparing contingency plans, obtaining
regulatory approvals, designing system modifications,
and scheduling and procuring of materials. The plan
ning of virtually all construction activities was also
significantly affected by the rigorous safety standards
required to work under the harsh conditions associ
ated with this project.
Emergency response (temporary repairs)

To minimize failure of each of the circuits, experts
made aerial assessments of the damaged structures
and coordinated emergency stabilization efforts on
towers deemed most threatening to system integrity.
Reconnaissance of other 500 kV circuits in the province
was conducted following the discovery. To address the
emergency, personnel from the operations, commu
nications and environmental departments formed an
immediate response team.
Snow removal and temporary repairs were under
taken over a 12-week period starting in April 1999.
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Emergency repairs consisted primarily of the installa
tion of temporary steel reinforcement ("tinker toys")
to towers that had been damaged by heavy snow
pack. Rough terrain and extreme weather conditions
made access to the towers difficult and dangerous. As
a result, crews could only access the towers by heli
copter and a staging area was established at Lions Bay
in Howe Sound to move crews and materials to the
lines. Hot water snow removal techniques were tested
to melt tormes of snow and ice surrounding twenty
damaged transmission towers. Ultimately, snow was
cleared from the damaged towers by hand digging
and backhoe in accessible locations. To ensure worker
safety while these repairs were made, one circuit re
mained in service while the other was de-energized
during critical stages of the emergency response work.
The snow removal and temporary repairs cost some
$1.6 million.
Major construction activities (permanent repairs)

Critical tower locations required major reconstruction
efforts and structural modifications to minimize risk
of catastrophic snow damage in future years. Due to
the high elevation and remote location, repairs to the
damaged towers had to be completed by late October
to avoid heavy snowfalls and extreme weather condi
tions. Initially, the permanent repairs were estimated
at $10 million. The budget was increased to $23.7 mil
lion to complete the 1999 phase of permanent repairs
and system upgrades. BC Hydro's Construction Busi
ness Unit (CBU) and two independent contractors
performed the work. Upwards of 80 people worked
extended hours, seven days a week, in an effort to com
plete the work before the first heavy snowfall.
On 5L30/32 work consisted of major repairs (new
foundations and tower legs) on ten towers; replace
ment of two guyed towers with heavier rigid struc
tures; replacement of damaged steel members on nine
towers; and replacement of 124 anchors on 31 ad
ditional towers. Trees were removed in several loca
tions where they were previously burned and/or snow
damaged and potentially hazardous to the transmis
sion line and at the location of marshalling/helicopters
sites and access trails to towers. Existing forestry log
ging roads and stream crossings required upgrading to
facilitate access requirements and subsequent decom
missioning following completion of work. Material
required for the work included 400 m^ of concrete for
reinforcement of anchors and tower footings, 450 t of
steel, lumber for forms, hardware, fuels and mainte
nance supplies for machinery.
On 5L45, work consisted of: reinforcement and re
placement of tower steel members on five towers;
additional minor repairs; reinforcement of an exist
ing avalanche-deflection berm and construction of two
new berms utilizing local materials; upgrading of ex
isting forestry logging roads and stream crossings with
subsequent decommissioning following completion of
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work. Removal of trees was also required; snowdamaged trees potentially hazardous to transmission
lines and trees located at marshalling/helicopters sites
and access trails to towers. Other materials required
for the work included 150 t of steel, lumber for forms,
hardware, fuels and maintenance supplies for machin
ery.
Access development

Since many of the work sites were remote, a signif
icant amount of work was required to upgrade and
maintain roads in order to allow passage by crews and
equipment. Decisions regarding road access and con
struction methods were developed with input from
the environmental monitor, forestry consultants and
construction personnel. Many of the sites could be ac
cessed by helicopter only.
Existing logging roads were used to transport per
sonnel and equipment working on the portion of the
transmission line in the Sechelt Creek headwaters.
Portions of these roads required re-activation includ
ing bridge reinforcement; installation of culverts and
cross ditches; and regrading. New access roads and
work pads were constructed to reach two new rigid
tower locations. An existing trail along the Centra
Gas pipeline right-of-way (which parallels the corridor
right-of-way) was used as a heavy equipment track to
provide equipment access to several structures. For re
mote locations in steep terrain, only foot trails were
constructed to access towers with all equipment and
structural components being flown in via helicopter.
Avalanche deflection berms

Protection of transmission towers from avalanches was
required at three locations along the 5L45 corridor. It
was determined that bedload movement had resulted
in the deposition of significant amounts of boulders
and woody debris near each tower. It was decided
that this material should be removed from the stream
channel and used to build up the avalanche deflection
berms protecting the towers. Environmental guide
lines for in-stream work were established with input
from related government agencies and were strictly
adhered to, given the sensitivity of the area.

ENVIRONMENTAL RESOURCES

The majority of the project area is in high elevations
with the terrain being of two types; (1) steep, rocky
cliffs, and talus slopes or (2) sub-alpine forest. These
types of terrain have unique biophysical characteristics
that provide habitat specific for certain flora and fauna.
They also serve as the headwaters to very important
watersheds.
The 5L45 transmission line parallels the Stawamus
Ri\'er. The Stawamus River Watershed is a protected
watershed, which provides a domestic water supply

to the District of Squamish through surface intakes.
For this reason extreme care was required to ensure a
continued supply of uncontaminated drinking water
and that works undertaken do not compromise the
integrity of water quality and quantity or the integrity
of the intake structure. All work in the watershed was
subject to approval by the District of Squamish.
High elevation areas provide extremely important
habitat for birds, ungulates and other mammals. Val
leys provide important migration corridors during the
spring and fall and also provide nesting habitat for
a variety of birds. Traffic; particularly in the Tanta
lus Mountain range (helicopter, vehicles and people)
could adversely impact the wildlife in the areas by
changing seasonal movements and hindering access to
higher elevations areas along the corridor. For the most
part, impacts were localized and the wildlife popula
tions in the area were likely not significantly affected.
Water bodies affected during the project included;
Indian River, Stawamus River, Anderson Creek, and
Sechelt Creek. These watersheds contain productive
fish streams with anadromous and resident salmonid
populations. The headwater lakes, wetlands and small
drainages affected by the project were also considered
important as functional fish and wildlife habitat. Pro
tection of downstream water quality was the top envi
ronmental protection priority throughout the project.

PROJECT IMPACTS AND MITIGATION

The potential environmental impacts were defined as:
- Work in and about a stream for wet crossing, bridge
construction, or creek channeling/tower protection
- Sedimentation of streams due to activities associ
ated with clearing, site excavation, access road de
velopment, road decommissioning, installation and
removal of drainage crossing structures, site restora
tion and avalanche berms construction
- Fuel, oil or chemical spills (including concrete/grout
leachate)
- Waste management and refuse disposal
- Contamination of drinking water supply
- Damage to sensitive high elevation wildlife habitat
and wetlands
- Loss of habitat related to tree/vegetation removal
and ground disturbance
Impact mitigation strategies were employed at various
stages of the project as follows.
Sedimentation and erosion control

Controlling siltation and run-off during site construc
tion work and access development was a concern
during the project. All lakes and wetlands encoun
tered were considered functionally important fish and
wildlife habitat and were treated accordingly. In addi
tion, disturbance to dry channels was minimized, as
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these often serve as important drainage channels dur
ing the wet season.
Efforts were made to control silt-laden runoff from
all construction areas. This involved utilizing a com
bination of several techniques on a site-specific basis.
Upslope drainage intercepfion ditches and cross-slope
site swales were installed to remove clean uncontaminated water and reduce amount of water flowing
through site. Sensitive sites were marked with fenc
ing; ribbon or rope to prevent accidental intrusion and
silt fencing was installed on the downslope side be
tween construction site and any drainages or wetlands.
During construction, materials such as straw bales and
filter cloth were stored at all marshaling areas for use
at the individual sites should the need arise. To prevent
erosion and sedimentation of nearby watercourses, silt
fencing and /or a polyethylene cover were used to con
tain soil excavation stockpiles.
General conditions were applied to the develop
ment of road access to maximize environmental pro
tection. These included: restricting the construction
and use of access roads/trails/vehicle tracks and mar
shalling sites to that detailed in the contract docu
ments; any additional access required prior approval
by BC Hydro's representative and the Environmen
tal Monitor. The access upgrades were completed
such that washouts and stream contamination were
avoided, sidecasting on the downslope side was mini
mized, and riparian vegetation protected along stream
channels. Appropriate methods and locations for spoil
ing excess material were assessed in the field. Culverts
were installed and removed in the dry, using dams
and pumping when necessary. Clean native material
was used whenever possible for installation of culverts
in drainage channels. Access by machinery and trucks
was limited where it was deemed inappropriate to use
culverts to access wetlands areas and streams.
Due to the environmental sensitivity of many of
the work areas, the maintenance of wafer quality was
critical during the course of the project. A sediment
and erosion control plan was prepared detailing best
management practices and mitigation procedures. The
contractor and BC Hydro's Construction Business Unit
in the prejob meeting signed off the plan. Water quality
criteria, established by the regulatory agencies, were
adhered to at all times. Sediment control berms and
ponds were installed and maintained at various loca
tions to ensure that introduction of silt or sediment
into local drainages was minimized. Berms were con
structed using straw bales, gravel, filter cloth and lum
ber, which caused water to pond, thus allowing fines
to settle out and not be carried downstream. Water
samples were collected downstream of each avalanche
berm construction site in the Stawamus watershed.
These samples were taken during all work activities
and analyzed for TSS levels to ensure compliance with
specific criteria. At no time were TSS levels above the
established limits.
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Oil and fuel management

Construction activities and the operation of machinery
required the use of fuels, lubricating oils and hydraulic
fluids. The migration of fhese compounds eifher from
spills during construction or later through seepage
from safurated soils can negatively impact both terres
trial and aquatic environments.
To reduce the risk of these fluids entering streams,
various methods were employed An Emergency Spill
Response Plan was posted at all marshaling locations
and all staff were made aware of its content and the
location of response materials. Clean-up materials and
equipment such as sorbent pads, booms and leak proof
containers were kept at all marshaling stations and
equipment locations in sufficient quantities. Appropri
ate fuel storage facilities were constructed to ensure
containment of the entire contents in the event of a
catastrophic spill. Equipment operators and person
nel responsible for oil spill response reviewed the plan
regularly, ensuring it was up to date and all required
materials were on-site and easily accessible. During
the course of the project all machinery employed was
inspected for leaks, worn hoses or fittings and appro
priate repairs completed prior to access onto the site.
Compressors were required for some of the equip
ment being used at helicopter access sites. These large
compressors and the fuel required to run them (in 45
gallon drums) were stored on wooden pads with im
pervious containment.
Environmental management plan (EMP)

Prior to the initiation of the project, an Environmental
Management Plan (EMP) was completed. The purpose
of the EMP was to identify potential environmental im
pacts related to project implementation and to detail
mitigative measures to negate these impacts. Gener
ally, in order to produce an EMP, a detailed site assess
ment of access upgrade requirements, ground type and
drainage characteristics is required. In this case, a pre
liminary EMP was developed as a working document
based upon best management practices. The document
served to reduce the impact to the environment, while
allowing for changes to the scope of work and site
conditions. Due to the short construction season and
the need to proceed quickly with the emergency re
pairs, a cooperative relationship was formed between
the project team and Ministry of Environment, Lands
and Parks (MELP) and the District of Squamish to eval
uate the EMP and grant project approval.
The preliminary EMP addressed project-related is
sues and included generic environmental protection
principles to be implemented during the project. To
ensure the plan was updated to incorporate unfore
seen issues and site-specific details, the project used
a qualified environmental specialist to implement and
monitor adherence to the plan. In several instances,
agency representatives were onsite with the project
team to assist in key decision-making. Conditional
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acceptance of the preliminary EMP and approval to
proceed with the project was granted on the under
standing that BC Hydro would involve stakeholders
and cooperate with the regulatory agencies to address
unforeseen issues during the project.
Environmental monitoring

An on site Environmental Monitor was used through
out the course of the project. The Monitor had the
authority to stop construction work if there were any
potential for harm to the environment. Work plans
were reviewed to ensure the conditions of the EMP
were met and recommendations (both verbal and writ
ten) were provided to address any deficiencies. It was
also the responsibility of the monitor to act as liai
son officer between government agencies, BC Hydro
representatives, and all contractors. In the field, the
monitor reviewed and oversaw the implementation of
the sediment and erosion control plan, monitored var
ious contractor work activities including clean-up and
restoration activities and ensured that emergency re
sponse supplies and equipment were onsite.
In-stream work

In-stream work was required on the 5L45 corridor
in order to construct the avalanche protection berms.
Re-construction of two of the avalanche berms was
conducted under dry conditions, thereby resulting in
no sediment mobilization into the Stawamus River.
Adjacent to a third avalanche berm, a tributary to
Indian River was flowing during channel excavation
activities. Prior to work taking place, a meeting was
conducted with an agency representative to assess
and determine the best plan for conducting the work.
Based on the recommendations, sampling was con
ducted in this tributary and the Indian River down
stream of the work site to determine fish presence in
the area. Rainbow trout were sampled in the Indian
River and in the lower 20 m of the tributary. No fish
were observed upstream of this location, likely due to
the high gradient of the stream.
Work in isolation of water flow was conducted by
excavating a temporary diversion channel along the
right bank. Once this temporary channel was con
structed, stream flows were diverted into it so that
the bedload material and old culverts could be re
moved in relatively dry conditions. Upon completion,
water flows were diverted back into the original chan
nel. Although there were pulses of siltation when the
creek was diverted into newly excavated areas, this
diversion method significantly reduced downstream
siltation.
In-stream work in the Upper Sechelt Creek drainage
was restricted to road maintenance and drainage im
provements. New culverts and french drains were
installed in dry weather during the summer months.
Through the use of culverts and other drainage con
trols, surface water was diverted around disturbed
areas.

Concrete and grouting

Virtually all concrete required for the repair work
for the 5L30/32 line was obtained from a plant lo
cated in Squamish. The concrete was transferred into
a 1-m^ bucket and delivered to the individual work
locations by helicopter. Equipment washout and spoil
ing of waste concrete occurred at sites designated by
the environmental monitor, thus ensuring appropriate
containment and protection of the aquatic environ
ment. Grout used for setting of the anchor rods and
rock anchors was mixed on-site with a small mixer and
water.
On November 5,1999 a bucket of ready mix concrete
(~900 kg/0.5 yd) was accidentally dropped into Howe
Sound from a Bell 212 helicopter. The environmental
impact of this incident is negligible given the enor
mous buffering capacity of Howe Sound, however, it
was a preventable accident resulting from equipment
malfunction.
Sewage and refuse disposal

All waste steel and or other construction related ma
terials (wood forms, hardware, plastics, etc.) were
removed from each site and brought to the central mar
shaling areas for appropriate disposal. Near the end of
the project, when weather conditions were favourable
(i.e., cold and wet), concrete forms were burned at
some of the helicopter access sites.
Portable toilets were provided at each work site,
including marshalling sites and helicopter sites. These
facilities were properly secured against collapse from
wind and animals and were maintained and emptied
on a regular basis.

SITE RECLAMATION AND RESTORATION ACTIVITIES

To ensure that all restoration and cleanup work was
not left to the end of the project, a progressive restora
tion program was implemented. Once work was com
pleted at each individual site, it was recontoured and
drainage patterns were restored, fully cleaned up and
reseeded.
Road deactivation

Once all sites requiring road access were completed, an
extensive deactivation program was undertaken. Over
40 culverts installed during the project were carefully
removed and stockpiled for recycling.
Canadian Forest Products Limited (Canfor) had
undertaken significant amounts of restoration and
road deactivation work in the Sechelt Creek watershed
in recent years. Many of the roads required to access
the 5L30/32 towers requiring repair were slated for
deactivation during the summer of 1999. Since BC
Hydro required access to these roads for the duration
of the project, a road use agreement was developed
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between Canfor and BC Hydro to ensure that all roads
used during the project were appropriately upgraded
or deactivated. Road deactivation work was conducted
at the termination of the 1999 work. Instances of
short-term sedimentation to Sechelt Creek tributaries
occurred as a result of the removal of culverts and the
subsequent channel modifications.
In order to reduce the risk of road failure and sed
imentation of local drainages, all 5L45 access roads
used during the course of the project (with the excep
tion of the forest service main line) were deactivated.
The degree of deactivation of these roads varied de
pending on the steepness of the slopes and the stability
of the road material. Relatively stable portions of road
received minor drainage improvements such as cross
ditching. Other sections of road showing signs of ex
treme instability were completely pulled back.
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Seed application

Lauren Caldwell

Due to the risk of sedimentation to drainages affected
by construction activities, seed was applied to all dis
turbed soils. As a result of the drinking water concerns
in the Stawamus River, hydroseed was applied to or
der to provide rapid germination and establishment
of ground cover vegetation. Along the 5L30/32 cor
ridor where road access was limited, hand seeding
was conducted utilizing a manual spreader. As per
the seed supplier's advice, two types of seed were ap
plied: fall rye for quick root mass growth and a coastal
grass/legume mix which provides long term erosion
protection and relatively natural looking ground cover
vegetation.

BC Hydro , Transmission and Distribution, Environ
mental Sciences Support Services, 6911 Southpoint Dri
ve, Burnaby, BC, Canada, V3N 4X8. lauren.caldwell®
bchydro.bc.ca
Lauren Caldwell is a Senior Environmental Coordina
tor at BC Hydro and is responsible for environmental
tasks of various transmission, substation and distribu
tion capital projects. Ms. Caldwell oversees such dis
ciplines as management of waste, vegetation, wildlife,
heritage, fish and aquatic issues on new construction
projects. Ms. Caldwell is a registered Landscape Archi
tect.

CONCLUSIONS

The potential for environmental issues and impacts to
arise during the project was high. Environmental is
sues played a major role in the planning and execution
of work. The good design and on-site decisions that
were made and the best management practices that
were adhered to, resulted in minimal impacts to the
environment and ensured regulatory compliance. The
environmental management process was effective be
cause of the commitment from agencies and the project
team and the implementation of an evolving envi
ronmental management plan and comprehensive en
vironmental monitoring. Execution of this emergency
project was achieved through the team of dedicated
BC Hydro project staff and construction crews working
in a consultative process with customers, stakeholders
and agency personnel.

Cameron Hiebert
White Pine Environmental Resources Inc. 564 Windermere Street, Vancouver, BC, Canada, V5K 4/2. chiebert®
direct.ca
Cameron Hiebert provided support as a backup en
vironmental monitor assisting with the Sechelt Creek
portion of the project. Mr. Heibert has a Bachelor of
Science degree with a background in water quality re
lated issues and has also been involved with several
large-scale construction related projects.

Bill Poirier
White Pine Environmental Resources Inc. 564 Win
dermere Street, Vancouver, BC, Canada, V5K 4J2. bill.
poirier@home.com
Bill Poirier acted as the primary environmental moni
tor for the Sechelt Peninsula, Sechelt Creek, and Stawa
mus Watershed portion of the project. Mr. Poirier is
a registered professional biologist with 9 years expe
rience in the monitoring of large-scale construction
projects and fish habitat enhancement.
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Comparison of Canadian and US Regulatory
Review Processes for the Alliance Pipeline
Howard R. Heftier

Environmental regulatory processes in Canada and the United States are constantly evolving.
The Alliance Pipeline project has been a part of this evolution. The Alliance Pipeline system,
built in 1999 and 2000, is a high-pressure, natural gas pipeline comprising 2988 km (1857 miles)
of 36" diameter mainline and 698 km (434 miles) of smaller diameter laterals. The pipeline
crosses three Canadian provinces and four American states. Alliance began the regulatory
review process in 1996, receiving final regulatory approval from the two federal authorities:
the Federal Energy Regulatory Commission (FERC) in the United States in September 1998, and
the National Energy Board (NEB) in Canada in December 1998. This paper provides a review
of the federal environmental regulatory process in both countries and presents a comparison of
the major milestone dates and key document requirements. The application was the first to be
considered by the National Energy Board as a Comprehensive Study under the provisions of the
C anadian E nviron m en tal A ssessm en t A ct {CEA A ct). This fact resulted in considerable regulatory
uncertainty for the project. By contract, the FERC review process in the United States is quite
well-defined, although the information requirements for the environmental assessment (a formal
Environmental Impact Statement to satisfy the requirements of the N ation al E n viron m en tal P olicy
Act), often require the applicant to complete environmental surveys before the pipeline route
is certain and land access obtained. As a consequence, the environmental surveys may have
significant gaps in coverage at the time the EIS must be completed. From the applicant's
perspective, the federal environmental review process in Canada and the United States are similar
in duration and in the level of protection afforded to sensitive resources. The two processes differ
in the extent of public input and the clarity of information requirements. Some changes to the
environmental approval processes that have occurred since the Alliance project was approved
in 1998 are also described. The most significant changes relate to how the NEB fulfills its
requirements under the CEA A ct. Changes to the FERC procedures are more subtle; relating to
minimum filing requirements and landowner notification.
K eyw ords: Pipelines, Canada, United States, permitting. National Energy Board, Federal Energy
Regulatory Commission, environmental assessment

INTRODUCTION

This paper compares the federal environmental regula
tory review process in Canada by the National Energy
Board (NEB) and in the United States by the Eederal
Energy Regulatory Commission (EERC). The experi
ences described were gained on the Alliance Pipeline

Environmental Concerns in Rigliis-of-Way
Management: Seventh International Symposium
J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

project (Alliance) from its inception in 1995 through
to issuance of the Certificates of Public Convenience
and Necessity in late 1998. The focus of the paper is
on the federal, rather than provincial or state, autho
rizations up to and including the Certificate Order,
and briefly mentions the subsequent post-certificate
regulatory filing requirements to begin construction
and to demonstrate compliance during construction.
A brief postscript, describing the changes to the reg
ulatory processes that have occurred since Alliance
was approved, is also provided. The paper is intended
to assist pipeline planners to better understand the
time and information requirements for large, inter
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national (Canada-US) and interprovincial/interstate
natural gas Pipelines.
Previous authors (Mutrie, 1993; Mutrie and Gilmore,
1993; Mutrie and Gilmore, 1997) also compared the
environmental regulatory process in Canada and the
United States. Those comparisons were based on ex
perience gained with the Altamont, Express and Tuscorora pipeline projects, among others. In 1993 the
authors concluded that the level of environmental pro
tection during construction of Canadian Pipelines was
roughly equivalent to comparable projects in the US,
but was achieved in a more pragmatic, expeditious,
and cost-effective fashion. This was seen principally as
a result of the regulatory process in the US that was
about three times longer and considerably more ex
pensive compared to that in Canada. The authors also
noted that Canada was moving closer to the US reg
ulatory process. In 1997 the same authors concluded
that there was a high degree of environmental protec
tion achieved on pipeline projects in both countries,
but that the regulatory process was becoming increas
ingly complicated, particularly in Canada which had
recently passed the Canadian Environmental Assessment
Act (CEA Act).
This paper follows the theme established by Mutrie
and Gilmore by discussing the continuing evolution
of the regulatory process where, especially in Canada,
significant changes have occurred since their papers
were published.

THE ALLIANCE PIPELINE PROJECT
Project description

The Alliance Pipeline system is a 3686-km (2290mile) pipeline system which will transport natural gas
from northeastern British Columbia and northwestern
Alberta to the Chicago, Illinois area where it will
interconnect with five existing pipelines in the North
American pipeline grid. The Canadian portion of the
Alliance system includes:
- 339 km (211 miles) of 42-inch and 1220 km (758
miles) of 36-inch diameter pipe,
- 36 receipt points connecting with lateral pipelines
totaling about 698 km (434 miles), and
- 7 mainline compressor stations.
In the US the pipeline consists of 888 miles (1429 km)
of 36-inch diameter pipe, and 7 compressor stations.
The initial throughput volume is designed to be 37.5 x
10*'’ m-^ (1.325 billion cubic feet per day) of natural
gas at a maximum allowable operating pressure of
12,000 kpa (1740 psi). In addition to the pipeline, the
Alliance system includes the Aux Sable Liquid Prod
ucts facility, a natural gas liquids extraction and frac
tionation facility designed to recover 11.1 x 10'^ m^*
(70,000 barrels) per day of ethane, propane, and bu
tane from the natural gas. Construction of the Alliance
Pipeline system occurred over two years, 1999 and

2000.

Route selection and environmental setting

A key element in the overall environmental protection
strategy was selection of a general pipeline routing
concept and definition of the precise route for envi
ronmental resource surveys. Both the NEB and the
FERC require the applicant to identify the location of
the pipeline and to conduct site-specific environmen
tal surveys. The width of the corridor for these surveys
may vary from as narrow as the pipeline construction
easement (32 m or 105 feet); in the order of 100 m
(300 feet) for disciplines such as cultural resources,
wetlands or endangered species; to as much as 5 km
(3 miles) for noise, emissions or cumulative effects as
sessment.
The principal control points in the overall routing
strategy were to connect:
- the Westcoast Energy Inc. gas plant near Fort St.
John, British Columbia;
- the Fort Saskatchewan, Alberta area for access to
natural gas liquids; and
- the Chicago area for connection to existing pipelines.
With the overall routing concept decided, the next
level of pipeline routing criteria included objectives,
such as:
- minimize overall length and corresponding con
struction and environmental costs;
- avoid areas designated as environmentally-sensitive, such as parks, etc.;
- follow existing pipeline rights-of-way wherever pos
sible;
- minimize the number, and optimize the location, of
crossings of major watercourses;
- minimize crossing complex terrain or areas posing
reclamation difficulties; and
- accommodate reasonable landowner, agency or
other routing requests where possible.
After consideration of alternative routing schemes
and site-specific study, the selected route parallels
existing pipelines in Canada for %80% of its overall
length and over 90% in the US portion of the system.
The lateral pipelines follow existing pipeline rights-ofway for approximately 60% of their overall length. In
Canada the pipeline is located within the provinces of
British Columbia, Alberta, and Saskatchewan. In the
US, Alliance passes through North Dakota, Minnesota,
Iowa, and Illinois (Fig. 1).
The Alliance Pipeline system traverses several dif
ferent landscapes in Canada and the US. These var
ied landscapes differ in biophysical characteristics,
wildlife, plant and aquatic habitat, settlement patterns,
and land uses. As a result, potential environmental
impacts vary somewhat from region to region. Mea
sures to protect the environment of each unique region
were given special consideration during pipeline con
struction. The northern portion of the Alliance system
passes through the boreal forest in northeastern BC
and northwestern Alberta, where the dominant land
use is petroleum and forest industry activities. The
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Fig. 1, Map of Alliance Pipeline System.

remainder of the pipeline route, throughout much of
Alberta and essentially all of Saskatchewan and the
four US states, crosses land that is developed for agri
culture. Most of the route crosses the central North
American plains, with relatively moderate terrain fea
tures that present few difficulties for pipeline con
struction. The Alliance project faced a wide variety of
environmental resource protection issues (cold water
fishery streams, endangered species, cultural resource
features, etc.) but the dominant concern was mitigation
of disturbance to agricultural lands. Over 100 inter
mediate or major rivers were crossed by conventional
open-cut pipeline installation procedures. Horizontal
directional drilling was employed at a total of 36 rivers.

CANADIAN ENVIRONMENTAL APPLICATION AND
REVIEW PROCESS
The National Energy Board

Canadian natural gas pipelines crossing national or
provincial boundaries fall under the jurisdiction of
the National Energy Board, pursuant to the National
Energy Board Act (NEB Act). Board jurisdiction also
encompasses oil and petroleum products and was
extended in 1997 to cover essentially all federallyregulated commodity pipelines. Major projects are re
quired to apply for a Certificate of Public Convenience
and Necessity, pursuant to Section 52 of the NEB Act.
The Board is required to consider matters in the pub
lic interest, including environmental protection. The
NEB is a quasi-judicial board with strict procedures for
public and private intervention and opportunities for
public hearing and written interventions.
The NEB's Guidelines for Filing Requirements, GER
(NEB 1995) provide detailed information requirements
addressing environmental issues that can potentially
arise during the construction and operation of a pipe
line. Section 9 of the GER provides particulars as to
the level of detail required in an environmental and

835

socio-economic assessment submitted in support of
an application. Sections 10-13 of the GER require the
filing of a detailed description of the mitigation and
restoration information to be filed as a parf of the
application, as well as commitments and policies of
the applicant to undertake mitigation measures pro
posed. Sections 14-18 require development of wasfe
management and contingency plans and preparation
of an Environmental Issues List. Section 18 requires
the applicant to describe its environmental inspection
program, policy, and procedures. In addition to the sci
entific and technical information required by Part VII
of GER, the NEB also requires applicants to implement
a proactive program of Early Public Notification (EPN)
and consultation.
The NEB's environmental protection mandate, un
der the NEB Act, is reinforced and supplemented by its
duties as a "Responsible Authority" (RA) pursuant to
the Canadian Environmental Assessment Act (CEA Act).
This Act was promulgated in 1995 and the Alliance
Pipeline system was the first major project to be filed
after the CEA Act was enacted. (The Act had been
passed part way through the regulatory review phase
of the Express Pipeline Project.) This paper considers
the manner in which the NEB fulfilled the require
ments under the CEA Act with respect to the Alliance
system. It is important to note that future projects will
undoubtedly face a different regime. A brief postscript
is provided at the end of this paper to update the

reader on recent changes to procedures with respect to
an NEB application pursuant to the CEA Act.
An environmental assessment is required if a fed
eral agency (such as the NEB) exercises a regulatory
duty, such as issuing a permit. The level of environ
mental assessment is determined by the magnitude
of the project. The highest level of environmental
assessment, a Comprehensive Study, is required for
a pipeline project which requires more than 75 km
of new right-of-way. The federal authority, termed
"Responsible Authority" or RA, must either ensure
a Comprehensive Study Report (GSR) is prepared
and provided to the Minister of Environment and
to the Canadian Environmental Assessment Agency
(CEAA), or refer the project to the Minister for referral
to a mediator or a panel review. Some previous NEB
projects have been considered by a joint review panel
between the NEB and CEAA. In the case of the Alliance
system, the CEAA directed the NEB to prepare the GSR
and to fulfill the other requirements of a RA by consult
ing with other federal authorities.
After the GSR is complete, the Minister of Envi
ronment may approve the project or refer the project
to a panel review if it is deemed there are signifi
cant adverse environmental impacts. This uncertainty
presents applicants before the National Energy Board
with a substantial risk because, after completing the
environmental assessment, they may then be required
to carry on to a panel review. The CEAA has issued

836

H.R. Hejfler

a "Guide to Preparation of Comprehensive Study"
(CEAA 1996). These requirements include public con
sultation, scoping, consideration of alfernatives, cumulafive effects assessment and the full range of environ
mental resource impact assessment and mitigation.
Other federal agencies

Although the CEA Act does not clearly provide for
the role of "lead" Responsible Authority, it is expected
that the NEB would act in that capacity. It is also ex
pected that the Board would seek the input of other
federal agencies with a regulatory role (Responsible
Authority) or specialist agency for expert advice (Eederal Authorities).
In the case of Alliance this consultation included
Eisheries and Oceans Canada — Habitat Management
Division and Habitat Enhancement Branch with re
spect to the Fisheries Act and the Prairie Parm Rehabili
tation Administration (PFRA) regarding land managed
by the PERA. In addition, Eisheries and Oceans —
Canadian Coast Guard was involved in approvals of
water crossing designs on navigable watercourses pur
suant to Section 108 of the National Energy Board Act.
(Note that on federally-regulated pipeline projects, the
Coast Guard's mandate under the Navigable Waters Act
is captured by Section 108 of the NEB Act.) Environ
ment Canada provided expert advice regarding air
emissions from compressor stations and wildlife/en
dangered species information was provided by Cana
dian Wildlife Service.

US ENVIRONMENTAL APPLICATION AND REVIEW
PROCESS
The Federal Energy Regulatory Commission

The environmental regulatory regime for federally
regulated natural gas pipelines in the US is similar in
scope, intent and timing to that in Canada. However,
a comparison of the two regulatory regimes shows
substantial differences in specific procedural matters
and information requirements. These contrasts will be
discussed in a subsequent section of this paper, but the
two most significant differences are:
1. the environmental impact document is prepared by
the agency rather than the applicant; and
2. while both jurisdictions provide opportunity for
written interventions by the public and other pipe
lines, only the NEB routinely conducts a public
hearing inviting oral testimony, interventions and
cross-examination.
Construction of interstate and international gas (but
not oil or other commodity) pipelines are regulated
by the EERC. The proponent of a new pipeline is
required to file for a Certificate of Public Convenience
and Necessity under Section 7(c) of the Natural Gas Act.
The EERC at 18 CER, Part 157.14 requires the applicant
to file Exhibit E-IV which is a statement regarding how

the applicant proposes to comply with the National
Environmental Policy Act NEPA of 1969. The application
shall include a statement concerning the following
factors:
1. the environmental impact of the proposed actions;
2. any adverse environmental effects which cannot be
avoided should the proposal be implemented;
3. alternatives to the proposed action;
4. the relationship between local short-term uses of
the environment and the maintenance and enhance
ment of long-term productivity, and
5. any irreversible and irretrievable commitment of
resources which would be involved if the proposed
action is implemented.
The EERC may also consider the environmental impact
of directly connected facilities. In the case of the
Alliance system, the Aux Sable Plant was considered
in the EIS as a non-jurisdictional facility.
The environmental information required in the ap
plication is described in Guidance Manual for Envi
ronmental Report Preparation (EERC, 1995). The Envi
ronmental Report required in the 7(c) application is
comprised of 12 Resource Reports:
- General Project Description;
- Water Use and Quality;
- Vegetation and Wildlife;
- Cultural Resources;
- Socio-Economics;
- Geological Resources;
- Soils;
- Land Use, Recreation, and Aesthetics;
- Air and Noise Quality;
- Alternatives;
- Reliability and Safety; and
- PCB Contamination.
The applicant is also required to describe how
pipeline construction will comply with:
- Upland Erosion Control, Revegetation, and Mainte
nance Plan (EERC, 1994a);
- Wetland and Waterbody Construction and Mitiga
tion Procedures (EERC, 1994b);
- Guidelines for Reporting on Cultural Resources In
vestigations (FERC, 1994c).
As mentioned, the federal agency (in this case the
FERC) is required to satisfy the provisions of the
NEPA. This task is undertaken by Commission staff,
although it is becoming more common to see prepara
tion of the EIS by a third-party contractor. The FERC
(1994d) described these procedures in Handbook for
Using Third-Party Contractors to Prepare Environmental
Assessments and Environmental Impact Statements (Hand
book), which allows for selection and hiring of a thirdparty environmental contractor working under the
direction of commission staff, but at the expense of the
applicant, to prepare the environmental documents.
In compliance with ex parte rules, the third-party con
tractor prepares information requests and undertakes
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appropriate background studies to supplement ma
terial provided by the applicant for preparation of a
draft and then a final Environmental Impact Statement
(EIS). The procedures and timeline for this process are
described in the Handbook. A Notice of Intent to pre
pare an EIS is sent by the EERC to landowners and
other interested parties. During the preparation of the
EIS, an initial scoping meeting is held to invite inter
ested parties to submit written or oral interventions
or comments on the proposed action. A second round
of comment meetings is held following publication of
the draft EIS. All comments are considered and incor
porated into the final EIS. In the case of the Alliance
project, an initial scoping meeting was held in each of
the four states crossed by the pipeline route. A com
ment meeting, following publication of the DEIS, was
similarly held in each state.
Other federal agencies

While the EERC is clearly the lead agency, other fed
eral agencies may also play a significant role in review
of federally-regulated pipeline projects. Depending on
the location of the project, this could include the Bu
reau of Land Management, Eorest Service, and others.
In almost all cases, consultation and authorization
from federal agencies concerned with preservation of
historic resources, protection of endangered species
and mitigation of impacts to wetlands and waterbod
ies are required.
Section 106 of the National Historic Preservation Act
(1996) as amended, requires federal agencies to con
sider the effect of their undertakings on historic prop
erties. All sites that are listed or eligible for listing on
the National Register of Historic Places must be iden
tified as a part of pipeline planning and the Advisory
Council of Historic Preservation must be provided an
opportunity to comment on plans designed to miti
gate impact on eligible sites. The applicant is required
to complete the necessary field surveys and seek con
currence from the State Historic Preservation Offices
(SHPO) in each state.
The US Fish & Wildlife Service (USFWS) is respon
sible for determining compliance with the Endangered
Species Act (1973). The applicant is required to consult
with appropriate USFWS offices and state agencies re
garding potentially affected species.
The US Army Corps of Engineers (COE) is responsi
ble for reviewing projects and issuing permits for work
affecting wetlands under Section 404 of the Clean Wa
ter Act and work in navigable waters under Section 10
of the Rivers and Harbors Act. Section 401 of the Clean
Water Act requires that a water quality certification
accompany nation-wide and individual permit appli
cations. These authorizations allow construction across
wetlands, waterbodies and provision for water with
drawal and discharge for pipeline hydrostatic testing,
and includes discharge of water from dewatering the
construction work areas.
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COMPARISON OF CANADIAN AND US CERTIFICATE
PROCESSES

As can be seen from the preceding description, the en
vironmental aspects of the NEB and EERC Certificate
processes have many similarities. Clearly, both agen
cies have a strong mandate to consider environmental
matters in deciding the merits of a pipeline applica
tion. The information required to prepare supporting
material for either an NEB or a EERC application are
relatively well defined. Both agency staff and industry
personnel generally have good experience with either
the NEB's Guidelines for Filing Requirements (NEB,
1995) or the FERC's Guidance Manual for Environ
mental Report Preparation (EERC, 1995). As well, the
information requirements for a Comprehensive Study
are relatively clear, as are the NEPA requirements for
an EIS in the US.
The principle difficulty encountered by the Alliance
project (and probably other projects) in compiling
the required environmental or cultural resource infor
mation was the site-specific nature of many survey
requirements versus the lack of precise route loca
tion. Cultural resource survey, wetland delineation,
soil survey and other studies were required on the
actual, applied-for route, yet the project had not yet
advanced far enough to have engineering survey or
landowner permission for access. Both project pro
ponents and regulators must deal with the reality of
compiling a complete application at an early enough
stage in project planning to facilitate proper environ
mental assessment. Of necessity, the application may
be deficient in areas where survey permission is de
nied or route variations are still being considered.
In general, however, environmental information re
quirements in support of project applications for either
the NEB or the EERC are reasonable and commen
surate with the magnitude of a particular project.
A potentially greater source of frustration from the ap
plicants' perspective is the lack of procedural clarity in
the preview process. Applicants should be expected to
provide proper and complete environmental support
information. The agencies, on the other hand, should
be expected to provide a relatively clear roadmap that
allows applicants to understand what information is
required at each stage of the project. Prior to the CEA
Act, the NEB process was well understood and the
EERC process has been, and still is, relatively well de
fined. Alliance faced significant challenges as the NEB
determined how to fulfill its requirements under the
CEA Act. It is inevitable that new legislation will lead
to confusion during the transition period. Along with
the lack of procedural clarity, the applicant in Canada
may be faced with further delay while appeals or chal
lenges to either the process or the final authorizations
are considered by the courts. Alliance faced substantial
the possibility of delay as a result of procedural uncer
tainty with the NEB/CEAA process in Canada.
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Table 1. Comparison of Canadian and American application and review process on the Alliance Pipeline Project
Canada
(NEB/CEAA)

Strength of regulatory mandate to consider
environmental matters
Potential for redundancy or conflicf with other federal
or provincial/stakeholders
Clarity of procedural aspects of review process
Clarity of information needs for application
Clarity of interrogafory process during application
review
Opportunity for public and landowner input to
environmental assessment
Legal finality of procedures and outcome
Protection of endangered species

Strong, clear mandate

Strong, clear mandate

High

None on Alliance

Poor because of CEAA
Good
Fair

Process is well defined
Good
Good

Many opportunities for public input

Public scoping and comment
meetings plus written
interventions are common
Procedures for dealing with legal
challenges and appeals is clear
Applicant must consult wdth
agencies and undertake surv'ey
per federal acf
Sfafe administered federal
regulations are strict, but
implementation is challenging
Federal guidelines clear and
effective. State processes are
confusing. Ulfimate resource
protection is excellent
Clear, strong federal procedure
and oufcome
FERC Plan 1994a provides
reasonable performance
standards. State driven
Agricultural Impact
Mitigation Agree-ments
created much difficulty

Process and outcome is regularly
challenged by opponents
No legislated protection but specialist
agencies provide advice

Protecfion of cultural/historical resources

Provincial regulations are clear and
effectiv'e

Protection of streams and fisheries resource

Legislation is strong but approval
procedures unclear. Ultimate
resource protection is excellent

Protection of wetlands

No regulatory definition or protection
of weflands
Site-specific surv'ey plus mitigation
measures are extensive

Protection of agricultural soils

United States
(FERC/NEPA)

Since the date of Alliance's approval, the NEB has
developed further refinements to their procedures to
accommodate the CEA Act and the author is optimistic
that both the regulators and the industry will find a
more effective path through this maze.
Table 1 summarizes the author's observations
gained from the Alliance project. In comparing the reg
ulatory process in Canada and the US it is tempting
to elect one as superior. Both have attributes that have
evolved to serve particular needs of particular jurisdic
tions. Attempting to reach a "bottom line" conclusion
is unrealistic. Table 1 presents a qualitative comparison
for selected criteria. Because of the recent introduc
tion of the CEAA process, the Canadian Certificate
process was in a significant state of flux at the time of
the Alliance application, so it is unfair to compare it
with an established, stable process in the US with the
FERC. While the two countries have different legisla
tion and have placed different priorities on resources
(the US, for example, have more definitive protection
measures for weflands and endangered species), in
both countries pipeline construction practices are un
dertaken with a strong commitment from both the
industry and the regulator to achieve high standards
of environmental mitigation. In attempting to evaluate
the final effectiveness of either process with respect to

environmental protection, the author concludes both
are successful in achieving their ultimate goal. With
careful planning, thorough environmental survey and
assessment and comprehensive environmental miti
gation measures, supported by diligent application
during construction, the consequences of pipeline dis
ruption are relatively short term and restoration of
upland, wetland, and waterbodies is effective.
The NEB review process offers substantially more
opportunity for intervention and comment by other
parties. Both the NEB Early Public Notification re
quirements and the public hearing format provide
more frequent and more lenient venues than are avail
able to the public in the FERC procedures. While the
NEB hearings are formal, quasi-jurisdictional proce
dures, the Board members have a tradition of being
tolerant and generous in allowing evidence from mem
bers of the public. (Perhaps less so with opposing
intervenors represented by counsel.) This difference is
sfill greater after the introduction of scoping and public
consultation requirements of the CEA Act. The impor
tance of public input and opportunity to object cannot
be denied. However, the requirements of fhe CEA Act
superimposed on the established NEB procedures has
created confusion and redundancy.
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COMPARISON OF APPROVAL TIMES

In late 1995, Alliance began to visit relevant federal
and provincial/state agencies to understand their in
formation needs, the scope of their authority and the
expected schedule for review and approval. It was
clear from the outset that the overall project sched
ule to implement the Alliance project was dictated by
the information needs and review time required by the
various environmental agencies.
The necessary work to undertake all environmental
resource surveys, public consultation, and preparation
of project applications began in earnest in March, 1996.
Many environmental surveys required a precise loca
tion of the pipeline route and landowner permission
for access. Coordination of the efforts of engineer
ing, environment and right-of-way personnel was a
vital component of success. As well, survey data or
landowner requests sometimes dictated route varia
tions, so it was often necessary to revisit areas to
undertake the same type of survey a second or even
a third time.
Another factor to be considered in project schedul
ing is to accommodate the biological season for field
sfudies; for example, identification of flowering plants,
nesting times of birds, or frost-free periods for soil sam
pling. An application to NEB requires project-specific
field work that may encompass all biological sea
sons, so Alliance allowed approximately 14 months for
preparation of a complete application. An application
to the FERC allows for some supplemental field sur
veys to be submitted after the initial application, so
approximately eight months was allocated for prepa
ration of this application.
A study by the US General Accounting Office (GAO,
1992) considered 171 applications to the FERC for
construction of natural gas pipelines between 1987
and 1991. Considering projects of a magnitude that
required a full EIS, the average approval time was
approximately 19 months. In developing its overall
project schedule. Alliance reviewed several recent ma
jor project applications to the FERC and noted the time
required from initial application to issuance of the fi
nal Certificate ranged from 18 to 44 months with 20 to
22 months being the norm. The overall project review
milestone dates of the Alliance application are shown
in Table 2. The initial application to the FERC was filed
on December 24,1996 and the Certificate Order issued
on September 17,1998, a total of 21 months.
Applications before the NEB also range in size, com
plexity, and other factors that might affect the time
required for approval. The author is not aware of
any study analyzing past NEB applications, however,
Mutrie and Gilmore (1997) cited typical review peri
ods ranging from 9 to 15 months. As stated earlier.
Alliance recognized the need to allow 12 to 14 months
for preparation of a complete environmental and socio
economic impact assessment to the National Energy
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Board. The resulting date of filing would not have al
lowed adequate time for NEB staff to conduct proper
review and hearing of the application prior to the
target construction start date. Consequently, Alliance
took the initiative to submit a "Preliminary Submis
sion" on December 29, 1996, enabling the NEB to
initiate necessary actions to fulfill its obligations under
the CEA Act. The concept of a Preliminary Submission
has been adopted by subsequent projects and is now
standard practice. Other major regulatory milestone
dates are shown in Table 2 to facilitate comparison with
the US FERC review process. While the two processes
differ in detail, it is interesting to note the similarity
between the milepost events. As noted by Mutrie and
Gilmore (1997), the Canadian process is evolving to be
come similar to the US process.

POSTSCRIPT — CHANGES SINCE ALLIANCE

As noted by Mutrie and Gilmore (1993 and 1997),
the environmental regulatory and application review
process is continually evolving. This observation is
still true as evidenced by changes since the Alliance
application was filed in 1996 and approved in 1998.
These changes have been more significant in Canada
than in the US.
Changes to the NEB/CEAA process

The Alliance project was the first major application
considered by the NEB after the CEA Act was enacted.
Consequently, Alliance faced considerable uncertainty
regarding procedural matters as the NEB determined
how it would fulfill its requirements under the CEA
Act. Previously, NEB information requirements and
the review process had been well understood by the
pipeline industry and by NEB staff. In Alliance's case,
the NEB decided to use its interrogatory process and
hearing procedures to fulfill its requirements under
the CEA Act regarding scoping of environmental as
sessment and public input to environmental review as
a "Comprehensive Study." If there had been a find
ing of significant adverse environmental impact, or if
the Minister of Environment had considered public
opposition to be significant, the Minister could have
directed the NEB to conduct a panel review of the Al
liance project. Although a panel review did not occur,
this possibility did pose significant concern to project
proponents since such a panel review would occur
after the NEB hearing and would have resulted in sig
nificant delay to the entire project.
Subsequent to the Alliance approval, the NEB has
issued Guide to the Comprehensive Study Process for
National Energy Board Regulated Pipeline Project Pro
posals (draft December, 1998). These procedures have
been applied, with some variations, to two approved
projects and a third, Georgia Strait Crossing Project,
that is still in progress. The process adopted by the
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Table 2. Comparison of NEB and FERC approval milestone dates
Canada
Alliance filed Preliminary Submission
requesting NEB to initiate scoping
activities under CEA Act

NEB issued news release announcing
initiation of scoping activities

NEB issued final scope of environmental
assessment
Alliance filed completed application

NEB issued Hearing Order setting out
procedural matters for public involve
ment and public hearing

Calendar
Dec. 31

Dec. 96

Dec. 24

Alliance filed 7(c) application'^

Feb. 21

FERC issued Notice of Intent to prepare EIS

Mar. 14

Ja n .97
F e b .97
Mar. 97

June 19

Apr. 97
May 97
June 97

Aug. 1

FERC issued Preliminary Determination that.
subject to completion of environmental re
view', the proposed pipeline is in the public
interest

Dec. 24

FERC published Draft EIS for comment.

Aug. 24
S e p .17

FERC released Final EIS
FERC issued Order granting Certificate of Public
Convenience and Necessity

July 3

Sep. 3

July 97
Aug. 97

Sep. 97

May 21

Oct. 97
Nov. 97
Dec. 97
Ja n .98
F e b .98
Mar. 98
Apr. 98
May 98

June 30

June 98

NEB submits Final CSR to Minister of
Environment and Agency for CEA Act
public comment

Sep. 30

July 98
Aug. 98
Sep. 98

NEB issued Reasons for Decision recommending issuance of Certificate of
Public Convenience and Necessity
Governor General in Counsel issued
Certificate of Public Convenience and
Necessity

Nov. 23

Oct. 98
Nov. 98

Dec. 3

Dec. 98

NEB began public hearing

NEB concluded public hearing (77 hearing days total)
NEB issues Draft Comprehensive Study
Report (CSR)

United States

Jan. 6

■’It is important to note that both the NEB and the FERC applications were supplemented with further filings in response to information requests
or further survey data pursuant to normal review procedures.

NEB requires that the proponent first submit scop
ing information in a Preliminary Submission. The NEB
will assume the lead Responsible Authority role in ac
cordance with Regulations Respecting the Coordination by
Federal Authorities of Environmental Procedures and Reg
ulations (CEAA, 1997). The Board may either ensure a
Comprehensive Study is conducted, or it might refer
the project to the Minister of Environment for medi
ation or panel review. It is expected that most major
projects would follow the Comprehensive Study path.
The NEB delegates conduct of the Comprehensive
Study and preparation of the Comprehensive Study
Report to the proponent. Interestingly, delegation of
the CSR preparation to the proponent, in some ways,
parallels the EERC process of third-party EIS prepa

ration. With the NEB in the role of lead Responsible
Authority, the CSR will be submitted to the Minister of
Environment. Unless the Minister refers the project to a
panel review, the Responsible Authority (the NEB) will
have then completed its requirements under CEA Act
and will begin its own hearing process. Information re
quirements for the NEB environmental review process
are unchanged as described in the Guidelines for Filing
Requirements (NEB, 1995).
These new procedural steps by the NEB, under
the CEA Act, are being implemented on the Georgia
Strait Crossing Project application. Time will tell if this
process becomes the norm since the NEB continues to
modify its procedures to deal with the CEA Act on
each subsequent project received. The scoping process
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being implemented by the NEB, in some ways, also
parallels that used by the FERC under NEPA.
Changes to the FERC process

On April 29, 1999 the FERC issued Order No. 603.
The stated purpose was to conform FERC regulations
with current practices. In effect, the new rule adopted
the existing guidance manual for environmental report
preparation (August, 1995). However, it also sets out
Minimum Filing Requirements for Environmental Reports
under the Natural Gas Act, which it considers to be the
minimum environmental information necessary for it to
begin its review. Applications that do not contain items
provided in the checklist will be (and some have been)
rejected.
The FERC has also issued Order No 607 to modify
its regulations governing ex parte contacts in contested
proceedings, which, in general, make communication
with FERC staff less restrictive. Order No. 609 and
609(a), which expand the requirements for landowner
notification, have also been issued.

POST-CERTIFICATE PROCEDURES

Both the NEB and the FERC, after issuing a Certificate,
require substantial material to be filed that essentially
serves two purposes: (1) to ensure that Certificate Con
ditions are satisfied prior to authorizing construction
to begin; and (2) to ensure construction occurs in com
pliance with approved mitigation measures.
There is a tendency by environmental staff to un
derestimate the level of effort required to support
construction activities. In fact, the volume of post
certificate material filed to either the NEB or the FERC
and the manpower efforts for environmental inspec
tion and construction support are greater than that
required during the planning/regulatory phase. A de
tailed description of the post-certificate document and
procedural requirements is beyond the scope of this
paper. However, pipeline planners are cautioned not
to underestimate this phase of a pipeline project.

CONCLUSIONS

This paper offers a comparison of the Canadian and
US regulatory review processes based on experience
gained with the Alliance Pipeline project. The au
thor concludes that both the National Energy Board
in Canada and the Federal Energy Regulatory Com
mission in the US have evolved environmental review
processes that result in high standards of environmen
tal protection during pipeline construction in either
country. In evaluating the final effectiveness with re
spect to environmental protection, the author is of
the opinion that both are successful in achieving their
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ultimate goal. With careful planning, thorough envi
ronmental survey and assessment, and comprehen
sive environmental mitigation measures supported by
diligent application during construction, the conse
quences of the pipeline disruption are relatively short
term and restoration is effective.
The information requirements for environmental as
sessment in support of an application to either the NEB
or the FERC are relatively clear and reasonable with re
spect to the potential for environmental impact. There
is, however, difficulty in compiling site-specific survey
information early enough in the plarming process to
fully satisfy the information requirements. The need
for supplemental submission of data in areas of route
variations or prohibited land access is inevitable.
Alliance filed its application to the NEB when the
Canadian certificate process was in a state of flux
because of the recent introduction of the Canadian
Environmental Assessment Act. Consequently, there was
significant confusion and some delay in the procedural
aspects of the approval process. In contrast, the FERC
process was relatively well established and stable so
a critical comparison between the two processes is
unfair. It is clear that in the case of the Alliance
project, and presumably future such applications, the
NEB/CEAA process will take at least as much time
as the FERC process. The author is optimistic that the
uncertainty in the procedures faced by Alliance will
be resolved as more experience is gained with the
requirements of the CEA Act.
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‘Facts’ Point to Reduced ROW Land
Use Projections
Sandra Patty, Andrew Cressman, and Deborah L. Kowaiczyk

In Maryland, electric utilities must obtain a Certificate of Public Convenience and Necessity
(CPCN) from the Maryland Public Service Commission before constructing neve transmission
lines greater than 69,000 volts. Maryland's Power Plant Research Program (PPRP) within the
Department of Natural Resources coordinates the interagency reviews of CPCN applications
and development of conditions issued with the CPCN that minimizes effects to the State's
resources associated with ROW clearing, transmission line construction, and ROW maintenance.
PPRP is currently evaluating the potential impact of innovative, high-voltage power flow
control technology to Maryland's transmission system and ROWs. Flexible Alternating Current
Transmission System (FACTS) technology, utilizing silicon-based thyristors in an integrated
circuit arrangement, has been utilized in several applications to increase the efficiency of
existing transmission systems by up to 40%. Wide-spread application of FACTS technology on
existing transmission systems could result in a corresponding decrease in the demand for new
transmission line and ROW development. This paper will examine the current and projected
rate of transmission line ROW development in Maryland, and evaluate the potential impact
of FACTS on the projected rate and cumulative land use savings. The findings presented will
have important implications with respect to Maryland's economy and natural resources, and will
support Maryland's Smart Growth Initiative.
Keywords'. Cumulative environmental effects, habitat fragmentation, land conservation, innova
tive technology, planning

FOREWORD

This study was conducted under the direction of Ms.
Sandra Patty of the Maryland Department of Natural
Resources Power Plant Research Program (PPRP). The
work was performed by Environmental Resources
Management (ERM) under direct contract with PPRP.

INTRODUCTION

In 1999 the United States consumed approximately
3,200,000,000 megawatt-hours of electric power. De
mand is expected to grow at a rate of 1.8% (NERC,

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

2000) annually over the next 10 years due increasing re
liance on electric-powered technology. Meanwhile, the
transition from a regulated to an open power market
is resulting in power flow patterns that today's highvoltage transmission infrastructure was not designed
to handle. The combination of demand growth and
changing power flow patterns is causing serious con
cerns to be raised about the continued reliability of
electric power supplies. In some areas of the country
an already overloaded transmission system is strug
gling to keep up with present (peak) demand.
In May 2000, the North American Electric Reliabil
ity Council (NERC) published "The Reliability o f Bulk
Electric Systems in North America" (NERC, 2000). This
report summarized findings for the assessment period
1999-2008, including the following:
- Capacity margins are at the lowest levels in many
years, particularly in the Eastern Interconnection
(roughly, the eastern US and Canada).
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- The Eastern Interconnection is importing signifi
cantly more power than it is exporting; transfer
capability must keep pace with this trend or capacity
shortfalls will occur.
- Reacfive power support is needed to prevent lowvoltage episodes.
- Market driven changes in transmission usage pat
terns and the number and complexity of transactions
are causing new transmission limitations to appear
in different and unexpected locations.
- As the demand on the transmission system contin
ues to rise, the ability to deliver energy from remote
resources to demand centers is deteriorating.
- The majority of proposed transmission projects are
for local system support. It is yet unknown whether
appropriate incentives exist to prompt transmission
system additions and reinforcements to support the
needs of a competitive market.
To meet increasing demand, construction of
51,600 MW in additional generating capacity is plan
ned by the end of 2001 (NERC, 2000). Approximately
7000 miles of new high-voltage (230 kV and above)
transmission lines are planned (NERC, 2000). How
ever, these lines are primarily intended for local sup
port and are not expected to contribute toward a
solution of the issues identified in the NERC report.
Construction of new transmission facilities designed to
meet the new challenges is generally being put off due
to weak economic returns and regulatory uncertainty.
Therefore, the actual number of new transmission lines
required to handle increasing demand and evolving
power flow patterns could be significantly greater than
the current projections.
In light of this (some would say alarming) state
of affairs, fhis paper revdews the potential impacts
on transmission transfer capability and reliability of
a powerful, emerging class of power flow controllers,
collectively known as Elexible Alternating Current
Transmission Systems (EACTS). This class of fechnology holds the promise of dramatically upgrad
ing transmission systems to meet today's evolving
power flow challenges. Transmission efficiency gains
achieved through the widespread use of this technol
ogy could eliminate the need for a substantial number
of new transmission lines and result in significant
ROW land use and natural resource conservation.

TRANSMISSION LIMITATIONS

The electrical power system consists of generating
stations, high-voltage transmission systems, and lowvoltage distribution systems connected, ultimately, to
consumers (homes, industrial plants, etc.). The efficient
transmission of power from remote points of genera
tion over long distances is a critical link in this system.
Interconnected transmission facilities allow local and
regional utilities to pool their resources to reduce the

amount of capacity they must hold in reserve, as well
as gain access to energy imports from other regions.
Eor a specified transmission line, there are actual
and practical limits to the amount of power that can be
transmitted. In establishing a practical limit, the actual
limit is adjusted downward to provide safe operafing
margins against line damage and outages. The actual
limit must be further adjusted downward to account
for the fact that electric power travels through all
parallel paths of an interconnected system, affecting all
interconnected lines. Transmission system limitations
are generally classified into three main groups:
- Thermal Limits: Resistance heat losses cause the
temperature of transmission conductors to increase;
this temperature increase can lead to sagging of
overhead lines, short circuiting, and permanent
damage to the conductors. Seasonal load ratings
establish maximum current magnitude limits for a
range of load duration scenarios.
- Voltage Limits: Throughout the transmission sys
tem, voltages must be maintained within acceptable
ranges at all times. The flow of power through a
transmission line generally results in a voltage drop
due to line reactance. If large amounts of power
are transferred over long distances, the bulk trans
mission system may not be capable of maintaining
adequate voltage. In addition, sudden outages on
interconnected lines will result in the fault current
flowing over less efficient alternative parallel paths.
As a result, the voltage drop occurring on the trans
mission system will increase, and there will be an
abrupt change in the voltages at the receiving end.
- Stability Limits: Generating stations connected on
an interconnected system are synchronized to op
erate at the same frequency (60 Hz), with the total
system load evenly allocated among the operating
generators. In the event of a fault on one of the inter
connected transmission lines, the fault load will be
picked up by the remaining lines. The nearest gener
ators will respond by increasing output to the lines
in the immediate vicinity of the fault, and in so doing
will slow down and may fall out of sfep. The gen
erators that slow down the least will then attempt
to pick up the greatest share of the load and fault
current, which will cause them to slow down, while
the others, thus relieved, may tend to regain speed
and pick up more of the load. If fhe system con
tinues to oscillate in this manner, large fluctuations
on line loadings and system voltages may occur. In
the extreme case, this can lead to other lines becom
ing overloaded, and a cascading effect resulting in
a blackout (Pansini, 1991). To maintain system sta
bility, the system must have rapid system response
capabilities and must be operated within acceptable
contingency scenarios.
The great majority of utilities in the US normally
operate so that the sudden loss of any component
of the system will not result in unacceptable system
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conditions that threaten reliability. This is referred to
as the "N-1 operating principle." The N-1 principle is
intended to improve system reliability by ensuring that
the thermal, voltage, and stability limits of the system
will not be exceeded under any single contingency
condition. That is, under the N-1 operation principle,
there is no single component in the system the loss of
which will cause voltage collapse or system breakup.
Under the N-1 operation principle, a portion of the
transmission system is held in reserve for emergen
cies. The portion of the system capacity held in re
serve to satisfy the N-1 principle is effectively another
downward adjustment of the actual transfer limit. The
"available" transfer capability of the system is what
remains after subtracting the transmission reliability
margins from the actual transfer capability.

FACTS TECHNOLOGY

Reliability margins and redundancies must be ade
quate to accommodate conventional, mechanical pow
er flow controllers (switches, phase shifters, etc.) that
are limited in their ability to respond to operating sig
nals — rapid-response power flow control, in terms
of power-frequency electrical circuitry, is not possi
ble with mechanical switches. Transmission reliability
margins (unused capacity) therefore represent assets
that, to some degree, can be "recovered" with the use
of rapid-response controllers.
FACTS is the name given to an emerging class of
rapid-response power flow controllers developed by
the Electric Power Research Institute (EPRI). FACTS
devices can supplement or replace conventional, me
chanical power flow switches with solid-state electron
ics. FACTS technology is thus emerging as an innova
tive tool for overcoming transmission limitations and
improving system performance. Efficiency increases
due to the installation of FACTS devices have been es
timated at up to 50% (EPRI, 1996).
Design basis and functions

The key to this technology is the development of
silicon-based (semiconducting) thyristors capable of
handling high-power applications. These devices are
solid-state switches analogous to integrated circuits.
Previously, solid-state integrated circuit electronics de
vices were limited to low-power (mV and mA) ap
plications. With recent innovations in silicon-based
thyristors, solid-state applications are now possible at
the level of thousands of volts and amps. Putting sev
eral such thyristors in series, EPRI researchers began
in the 1980s constructing integrated circuits capable
of handling high-voltage power transmission flows.
These integrated circuit devices are capable of provid
ing transmission circuit response within a fraction of
a cycle, as opposed to conventional electromechanical
switchgear that requires several cycles to act.

845

The quick response of the FACTS device enables
precise tuning, switching, and control of entire trans
mission networks as a single circuit. The devices are
therefore able to compensate for power flow ineffi
ciencies before they can affect the transmission system.
Elimination of reactive power loss, power flow bottle
necks, and other such disturbances, can dramatically
increase the available transmission capacity.
Types of FACTS devices and attributes

EACTS devices can be installed in shunt, series, seriesseries, and series-shunt configurations, depending on
the needs of a particular line and its interconnec
tions. In these varied configurations EACTS devices
can provide a wide array of power flow capabilities
and efficiency improvements. Table 1 lists the control
attributes for the FACTS Controllers developed to date.
FACTS devices have been installed at strategically
located substations to alleviate bottlenecks, improve
load leveling on interconnected lines, provide reactive
power support, and generally increase the available
transmission capacity without constructing new lines.
The following example (from Hingorani and Gyugyi,
2000) illustrates the utility of FACTS technology.
For the three interconnected lines of Fig. 1(a), lines
AB, BC, and AC have continuous ratings of 1000 MW,
1250 MW, and 2000 MW, respectively, and sites A and
B are sending power to a load center, site C. The emer
gency (short-term) ratings are twice the normal ratings
in case of a loss on one of the lines. If generator A
is generating 2000 MW and generator B 2000 MW,
a total of 3000 MW would be delivered to the load
center at site C. For the impedances shown, the three
lines would carry 600,1600, and 1400 MW respectively.
Line BC would be overloaded, and therefore genera
tion would have to be decreased at B and increased at
A in order to meet the load for any extended period of
time without damaging BC or causing an outage.
The performance of the system can be dramatically
improved by using a FACTS device. The addition of
a Thyristor-Controlled Series Capacitor in line AC as
shown in Fig. 1(b), for example, would increase the
transfer capability of line AC, and prevent the over
load situation on BC without any reduction in genera
tion. Another approach would be to use a ThyristorControlled Series Reactor (inductor) in line BC that
would serve to adjust the steady-state power flows as
well as damp unwanted oscillations. Key FACTS in
stallations currently in use are briefly reviewed below.
Existing applications

Tennessee: Static synchronous compensator (STATCOM)
The first STATCOM installation was commissioned in
1995 at the Sullivan Substation in Tennessee which
is supplied by a 500 kV bulk power load and four
161 kV lines. This substation lies at the edge of the
Tennessee Valley Authority (TVA) service area, and
problems were arising due to increased power demand
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Table 1. Control attributes of FACTS devices
FACTS controller

Control attributes

Static Synchronous Compensator (STATCOM)

Voltage control, VAR compensation, damping oscillations, voltage stability,
transient and dynamic stability

Static VAR Compensator (SVC, TCR, TCS, TRS)

Voltage control, VAR compensation, damping oscillations, voltage stability,
transient and dynamic stability

Thyristor-Controlled Braking Resistor (TCBR)

Damping oscillations, transient and dynamic stability

Static Synchronous Series Compensator (SSSC)

Current control, damping oscillations, transient and dynamic stability, voltage
stability, fault current limiting

Thyristor-Controlled Series Capacitor (TCSC, TSSC)

Current control, damping oscillations, transient and dynamic stability, voltage
stability, fault current limiting

Thyristor-Controlled Series Reactor (TCSR, TSSR)

Current control, damping oscillations, transient and dynamic stability, voltage
stability, fault current limiting

Thyristor-Controlled Phase-Shifting Transformer
(TCPST or TCPR)

Active power control, damping oscillations, transient and dynamic stability,
voltage stability

Unified Power Flow Controller (UPFC)

Active and reactive power control, voltage control, VAR compensation, damp
ing oscillations, transient and dynamic stability, voltage stability, fault cur
rent limiting

Thyristor-Controlled Voltage Limiter (TCVL)

Transient and dynamic voltage limit

Thyristor-Controlled Voltage Regulator (TCVR)

Reactive power control, voltage control, damping oscillations, transient and
dynamic stability, voltage stability

Interline Power Flow Controller (IPFC)

Reactive power control, voltage control, damping oscillations, transient and
dynamic stability, voltage stability

Source: Adapted from Hingorani c&Gyugyi, 2000.
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Fig. 1. FACTS example.

and weak interconnections to adjacent grids. A con
nection to the American Electric Power (AEP) network
also exists at the Sullivan substation, and oscillations
experienced by AEP were subsequently passed on to
Sullivan and the rest of the TVA grid (Elingorani and
Gyugyi, 2000).
A STATCOM device was installed to regulate volt
age on a 161 kV line, and prevent failures In the 500 kV
transformer banks. The alternative for TVA was to in
stall another transformer and construct a new 161 kV
line in the area (Till, 2000). In addition to eliminating
the need for ROW land development for the 161 kV
line, TVA has estimated savings of $10 million in cost
avoidance for a new transformer and construction of
the 161 kV line (EPRI, 1996). Pig. 2 is a photo of the
STATCOM installation.

,f
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Fig. 2. STATCOM installation.
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Fig. 3. UPFC installation.

Kentucky: Unified power flow controller (UPFC)
In the Inez area of eastern Kentucky, serviced by
AEP, long 138 kV lines were relied upon to provide
power to this rural area. Due to increased demand,
heavy loadings on the 138 kV line over long distances
resulted in excess voltage gradients. During peak
loading times, contingency outages were predicted to
cause voltage and thermal overload conditions.
To remedy the potential problems, a UPFC was in
stalled (see Fig. 3) to provide voltage support and
distribute power flow more evenly over the line. The
UPFC enabled the 138 kV line to act as a 345 kV line
and eliminated the need for construction of new facil
ities and associated land use development (Hingorani
and Gyugyi, 2000).
New York: Convertible static compensator (CSC)
Increasing demand on the New York Power Author
ity (NYPA) transmission system connecting New York
City and southeastern New York with generating fa
cilities In the north was causing extreme congestion;
this line was operating at maximum load for approx
imately one-quarter of the time. The solution to this
problem needed to address the north-south power
flow bottlenecking problem. Conventional electrome
chanical devices were deemed inadequate to keep pace
with the rapidly evolving power flow patterns, and the
construction of new lines was not an option (Zelingher,
2000).
The CSC Controller is currently being installed in
the Marcy Substation in central New York. The CSC
will be able to control both power flow and voltage,
subsequently minimizing line disturbances and power
interruptions. The system is expected to be in opera
tion by July 2002, and will increase transfer capability
by 240 MW (Reason, 1999). With the installation of the
CSC, NYPA will meet its dual objectives of providing
needed upgrades to the transmission system and elim
inating the need for additional lines.

Because FACTS technology is relatively new and the
number of existing applications are limited, capital
costs are high. For example, the cost of the NYPA
project was $48 million (Reason, 1999). In a few cases,
utilities and other interested parties may be interested
in contributing to pilot projects to foster the devel
opment of this technology (as was the case with the
NYPA project). In general, however, the current high
cost of the technology is likely to be a barrier to wide
spread use. For now, FACTS installations make the
most sense where:
- the transmission system must be upgraded to ensure
a reliable supply, but new transmission lines are not
an option due to sociopolitical or other factors (e.g.,
the NYPA project); or
- the installation of FACTS resulfs in sufficient re
ductions in the cost of impedance and opportunity
losses to offset high capital costs in life-cycle cost cal
culations (e.g., the TVA and Kentucky projects).^
In the future, it is anticipated that capital costs
will decrease, perhaps dramatically, as FACTS technol
ogy matures. As this happens, FACTS devices should
play an increasing role in system design and economic
considerations. It is expected that the transmission ef
ficiency increases associated with widespread use of
FACTS will translate into significant ROW land use
savings and/or reduced rates of land use develop
ment.

POTENTIAL IMPACT OF FACTS IN MARYLAND AND THE
MID-ATLANTIC REGION

The Power Plant Research Program (PPRP) was es
tablished in the State of Maryland to ensure that the
demand for electric power could be met in a timely
manner and at a reasonable cost, while protecting the
State's natural resources. PPRP is monitoring the emer
gence of FACTS technology with great interest because
of its potential utility as a tool for furthering these
goals.
Overview of PJM service area

Maryland lies within the Mid-Atlantic Area Council
(MAAC) transmission system which is serviced by the
Pennsylvania-New Jersey-Maryland (PJM) Intercon
nection. PJM is responsible for plarming and main
taining reliability of the transmission grid and for the
operation and control of the bulk electric power system
in the Mid-Atlantic Area.
The PJM service area is the largest centrally dis
patched electric control area in North America. It con
sists of 8000 miles of high voltage transmission lines
1 The utilities estimate that it takes 28.5 years to recover the cost of
building a transmission line, versus the 3-5 years to recover the cost
of building a generation project (EEl, EXNET, 2000).
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and handles 8% of the total power generated in the
US. Approximately 23 million people are served in this
area. Interconnections between the PJM service area
and adjacent systems allow for the importation of an
additional 3500 MW on average to handle periods of
peak demand or contingency situations (PPRP, 1999).
Summary of reliability assessments

In January 1999 PPRP published “An Assessment of
the Transmission Grid o f Maryland Utilities and Some Po
tential Consequences of Retail Competition/' This report
discussed PJM transfer capability limitations identified
based on power flows during the 1994-1996 time pe
riod, and evaluated potential transfer capability issues
associated with deregulation. This study concluded
that significant new construction of transmission fa
cilities could be needed to address the number and
direction of power transactions under an open market.
On 6 July 1999, and again on 19 July, the PJM
system approached or exceeded record peak load con
ditions. Extreme heat and humidity on these days led
to record usage of electricity, equaling PJM's projected
peak usage for 2004. Low-voltage conditions occurred
on these days because reactive demand exceeded reac
tive supply. On 21 March 2000, PJM published a Root
Cause Analysis Report of this event. Several recom
mendations for improving system operation have been
implemented to improve reliability.
In December 1999, PJM published the 1999 Baseline
Regional Transmission Expansion Plan (RTEP) Report,
covering the period 2001-2006. This report summa
rizes the findings of a baseline analysis of PJM system
adequacy and security for use in conducting Peasibility Studies for any proposed facility connection
projects and subsequent Impact Studies.^ This report
lists transmission limitations and concerns with re
spect to import transfer capabilities, and notes that
installed reserve margins are decreasing.
In May 2000, the MAAC-ECAR-NPCC (MEN) Stu
dy Committee published the 2000 Summer MEN Inter
regional Transmission System Reliability Assessment. This
report summarized transfer capability limitations with
respect to interregional transfers and cited the need for
close coordination among interconnection users and
system operators.
Each of these reports cite the need for improvements
in system operation and transfer capabilities, consis
tent with the May 2000 NERC report.
System upgrades

A potential maximum of 21,000 MW of new power
generation capacity is planned for the PJM service
area by 2004 (NERC, 2000). As on the national level,
planned transmission upgrades are intended for local
2 A new baseline analysis is conducted prior to the conduct of
impact studies for a new group of facility connection requests
(known as a Queue).

support and don't address issues associated with bulk
transfers occurring over long distances in previously
unforseen directions, as a deregulated open market
will likely demand. Several specific points of concern
have been identified in previous studies — in particu
lar, interconnections to adjacent transmission grids —
where EACTS technology could potentially provide an
immediate and economical means of enhancing the
PJM system performance and transfer capability.
While PACTS represents a potentially powerful new
tool to system planners and operators, there are con
cerns about how this technology would be introduced
to the existing grid. Such concerns include the po
tential for inadequate contingency capabilities in the
event that power must be redistributed from a faulted,
high-capacity, PACTS-equipped line to conventionally
equipped connected lines. In addition, the concern
exists that owners of PACTS-equipped lines may be
able to influence power flow routing to the benefit of
themselves and at the expense of optimal system op
eration. These issues require further study to ensure
that the use of this technology does not result in any
unintended, negative consequences. This situation, it
should be noted, is not uncommon where new tech
nology must be integrated, or phased in, with existing
systems.
ROW land use impacts

Por the purpose of this study, potential land use im
pacts were evaluated using assumed transfer capa
bility efficiency increases and corresponding land use
development rate decreases. Even using conservative
potential efficiency increases, this evaluation shows
that FACTS technology has the potential to result in
significant ROW land use savings.
Table 2 and Fig. 4 present the potential ROW land
use savings for various scenarios. The energy demand
growth rate in the PJM service area is estimated to be
1.8% (NERC, 2000). There are currently 8000 miles of
high voltage lines in the PJM service area (and ap
proximately 2500 miles in Maryland). The growth rate
in number of miles of transmission lines has been as
sumed to be proportional to the growth in installed
generating capacity. It has also been assumed, for sim
plicity, that Maryland's land use and power produc
tion will be directly proportional to the PJM growth
rates. The baseline land use in the PJM service area and
Maryland was determined by using an assumed aver
age ROW width of 150 feet.
Using these assumptions, it is estimated that PJM's
generating capacity will grow from 77,000 MW by 2004
to 102,000 MW by 2020. Similarly, it is assumed that
Maryland's generating capacity will grow from 18,500
MW by 2004 to 24,600 MW by 2020.
Potential transmission efficiency gains from the use
of FACTS devices have been estimated by EPRI to be
as high as 40-50% (EPRI, 1996). As a basis for this
study, however, a 20% increase was assumed to reflect
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Table 2. Projected land use savings for the PJM service area
Scenario

BASE CASE
FACTS Applied to new t-lines
FACTS Applied to New and Limiting t-lines
FACTS Applied to all t-lines

Total land used
(acres)

ROW land saved
(acres)

Total land used
(acres)

ROW land saved
(acres)

2004
199,998
190,600
180,992
166,359

2004
N/A
9398
19,006
33,639

2020
418,182
371,192
323,152
249,987

2020
N/A
46,990
95,030
168,195

Fig. 4. Land use comparison in the PJM service area.

practical and technical limitations to the application of
this technology.
The scenarios used in the analysis were as follows:
- Base Case — continuation of the status quo with
respect to transmission facilities, with no usage of
FACTS technology.
- FACTS applied to new lines — assumed FACTS would
only be used on new transmission facilities. 20%
of new ROW land development (compared to base
case) would be avoided.
- FACTS applied to new and limiting lines — FACTS
would be used on all new transmission facilities, and
30% of the current facilities.
- FACTS applied to all lines — assumes all existing and
new transmission facilities would become 20% more
efficient than the base case efficiency.
For the PJM service area, potential land use savings
of nearly 170,000 acres are estimated, and in Maryland,
58,000 acres by 2020. These figures are dramatic and
could play an important role in providing utilities
needed impetus for committing to the high capital
costs (at least in the short term) of FACTS installations.
These results, and similar evaluations performed
for other states, could also be valuable to community/state land use planners. Planners and officials
confronted with sprawl issues could use the results
of such an evaluation to aid in identifying priority
funding projects. Maryland's Smart Growth Initiative

program, for example, has identified priority fund
ing areas for which land use conservation and "smart
growth" projects may be eligible for State funds.

OUTLOOK FOR THE FUTURE
FACTS and transmission reiiability

Various options are being weighed to ensure that in
the future the supply of electric power in the US
will be adequate and reliable. Among these options
are policy and legislative proposals to improve the
coordination of plarming and operation issues, marketbased proposals designed to affect pricing schemes
and demand patterns, and, of course, engineering
upgrades to physically enhance the capabilities of
transmission systems. The latter is essential if an
unregulated, open market is to reach its potential
as a low-cost efficient supplier of power. Otherwise,
transmission limitations will be serious impediments
to a robust transmission system and a healthy electric
power market.
FACTS technology represents a potentially power
ful tool for system planners and operators to overcome
power flow limitations. As FACTS devices and other
technological advances, such as low-resistance con
ductors, continue to emerge and mature, they need to
be included for consideration in system design plan
ning.
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In the short term, FACTS devices represent a po
tential solution to interconnection tie bottlenecks, load
leveling on parallel paths, and perhaps other applica
tions. Although there is an immediate need to assess
contingency and operator influence concerns, these is
sues will likely be overcome with proper planning.
In the long term, capital costs are expected to de
crease as FACTS technology matures. As this happens
it seems likely that the use of FACTS will become
widespread and result in significant expansion of the
available transfer capability for both intra- and inter
regional transfers.
FACTS and cumulative environmental impacts

The positive impacts of FACTS technology and other
transmission efficiency advances on land conservation
have received little attention to date. As the results
of this study indicate, the widespread use of FACTS
has the potential to result in substantial land use sav
ings. Land conservation would consequently result
in a reduction of habitat impacts, ROW fragmenta
tion effects, and other ROW management issues. The
potential positive cumulative impacts to natural re
sources in Maryland, the PJM service area, and indeed
the nation, are substantial. At a minimum, FACTS
technology warrants a long look from utilities, system
planners, and operators, power industry consultants,
and lawmakers.
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FERC Regulated Third-Party Compliance
Monitoring and Variance Request Program —
A Case Study during Construction
of the Alliance Pipeline Project
Douglas J. Lake and Howard Heffler

The Federal Energy Regulatory Commission (FERC) generally monitors construction of natural
gas pipelines on a periodic basis to document compliance with the environmental conditions
and requirements of the Certificate issued for the project. Because monitoring is only occasional,
the FERC staff is not always aware of site-specific conditions that affect construction on
a daily basis. As such, decisions regarding variance requests by the pipeline company to
apply alternative mihgation often require time for the FERC staff to become familiar with the
conditions that may cause or initiate the requests. To increase environmental compliance during
construction, and to reduce the time required for decisions regarding variance requests and
alternative mitigation. Alliance Pipeline L.P. (Alliance) developed and implemented a third-party
Compliance Monitoring Program in conjunction with the FERC staff. The overall objective of the
program was to monitor environmental compliance during construction of the Alliance Pipeline
in order to achieve a high level of environmental compliance. From Alliance's perspective,
it was also important to minimize the time required for review and approval of variance
requests. This was accomplished by providing a third-party compliance manager and monitors,
as representatives of the FERC staff, a limited, predetermined level of decision-making authority
to approve requests for variances and implementation of alternative mitigation measures. Other
objectives of the program were to assist in the timely resolution of compliance issues in the field
and to provide fast and accurate information to the FERC staff regarding construction conditions
and progress, as well as noncompliance issues and their resolution. Implementation of this
program resulted in a higher, more continuous level of compliance monitoring by the FERC staff
during construction. It also allowed the staff to objectively consider and assess changes in sitespecific conditions that affected construction, and apply these considerations to the assessment of
environmental compliance and the review of variance requests.
Keywords: Regulations, mitigation, monitor, inspector, compliance, variance

INTRODUCTION

A third-party environmental monitoring program was
developed for use during construction of the Alliance
Pipeline to help keep the Federal Energy Regulatory
Commission (FERC or Commission) staff apprized of
environmental compliance issues during construction
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and to provide a level of FERC decision authority
directly to people in the field.
There were several objectives in developing and
implementing the third-party compliance monitoring
program used during construction of the United States
portion of the Alliance Pipeline Project. Since the
project in the United States was 890 miles long and
consisted of up to six mainline construction spreads
at one time, continuous and objective environmental
monitoring by a third-party contractor was a primary
objective of the FERC environmental staff. The FERC
staff typically monitors, assesses, and documents com
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pliance with environmental requirements and miti
gation measures specified in the FERC Certificate of
Public Convenience and Necessity (Certificate) and
commitments made by the pipeline company during
the environmental permitting process. This is usually
achieved by the FERC staff conducting intermittent
environmental inspections of pipeline projects during
construction, with each inspection effort generally oc
curring only once every 3-6 weeks and lasting from
one to se\'eral days during active construction of the
project.
Depending on the size of the project, only spe
cific areas and construction activities are typically in
spected during a single trip. Between trips, the FERC
staff depends on weekly environmental inspection and
construction status reports prepared by the pipeline
company to obtain information regarding compliance
issues as well as environmental conditions on site that
may affect construction and environmental compli
ance issues. By having full-time compliance monitors
in the field that can monitor, document and report di
rectly back to the EERC staff in Washington, the staff
would be continuously aware of conditions and com
pliance during pipeline construction, and could more
closely monitor resolution and follow-up of noncom
pliance issues. Eurther, as questions arise from the
pipeline company, affected landowners, or other reg
ulatory agency staff, the EERC staff can utilize the
third-party compliance monitors in the field to obtain
current, site-specific information that addresses such
issues.
Another objective of the program was to reduce the
time required for the review and approval of vari
ance requests made by Alliance Pipeline Company, L.P.
(Alliance) field staff during construction. The thirdparty Compliance Monitoring Program used during
construction of the Alliance Pipeline addressed this
objective when the EERC Director of the Office of
Energy Projects delegated a limited, predetermined
level of decision-making authority to the third-party
monitors in the field, and at a higher level to the thirdparty compliance manager, to approve or deny certain
types of variance requests without requiring a formal
filing to and review by the EERC. These included re
quests to vary or implement alternative site-specific
performance-based mitigation measures, and to use
additional temporary construction workspace or ac
cess roads that were not anticipated during the project
planning process. Other objectives of the program
were to assist in the timely resolution of compliance
issues in the field and to provide fast and accurate
information to the FERC staff regarding construction
conditions and progress, as well as noncompliance is
sues and their resolution.
This paper describes the details of both the compli
ance monitoring and variance request components of
the program developed and used throughout the Al

liance Pipeline Project, including the:
- level of monitoring effort required;
- roles of the third-party compliance monitors and
manager;
- criteria for decision-making authority; and
- variance request and review process and how it was
used on the Alliance Pipeline Project.

THIRD-PARTY COMPLIANCE MONITORING
Staffing levels

The number of compliance monitors required to effec
tively monitor construction became an important issue
to resolve early in the program. Pipeline construction
activities during the Alliance Pipeline project in the
United States involved up to six mainline construc
tion spreads and a delivery segment. During the 1999
construction season the six mainline spreads varied in
length from 85 to 159 miles long, averaging about 121
miles in length. In 2000, four mainline spreads were
used to complete the project, each averaging about 30
miles in length. To provide an adequate level of mon
itoring coverage, the EERC required three full-time
compliance monitors during the 1999 construction sea
son and one full-time and one part time monitor dur
ing the 2000 construction season. Throughout the 1999
construction season, each full-time compliance moni
tor worked six, 10-h days per week and was responsi
ble for monitoring two adjacent mainline construction
spreads, or about 240 miles of pipeline construction. In
2000, the full-time compliance monitor was responsi
ble for monitoring 81 miles on three spreads while the
forth spread (38 miles long) was monitored on a parttime basis.
The role of the third-party compliance monitor
was not to provide full-time environmental inspec
tion, but to conduct "spot" compliance monitoring,
similar to typical EERC staff inspections. The staffing
levels described above provided adequate coverage
and allowed time for travel between spreads and for
preparation of daily and weekly reports. Another con
sideration was that, although 240 miles of pipeline
construction was a large area for one monitor to cover,
this area was constructed over 7 months and only a
portion of this was under construction or restoration
at any given time.
Role of the compliance monitor

Similar to the role of EERC staff conducting an inspec
tion visit, the primary responsibility of the compliance
monitor was to review implementation of required
mitigation measures during construction. Monitor
ing concentrated on implementation of environmental
mitigation measures that were either proposed by Al
liance as part of its application to the EERC, committed
to in supplemental filings subsequent to its application

Construction o f the alliance pipeline project

(i.e., data responses, comments on the Draft Environ
mental Impact Statement, and Post-Certificate filings),
or included in conditions that had been stipulated by
the Commission in its Certificate.
Examples of commitments and conditions to be
monitored included:
- implementation of the mitigation measures in the
FERC's Upland Erosion Control, Revegetation and
Maintenance Plan (Plan) (FERC, 1994a) and the Wet
land and Waterbody Construction and Mitigation
Procedures (Procedures) (FERC, 1994b);
- ensuring construction disturbance was limited to
the width of the approved construction right-of-way,
contracfor yards, and exfra work space areas;
- mefhods of topsoil segregation;
- compliance with Agricultural Impact Mitigation Ag
reements required by each state;
- proposed trench and hydrostatic test section dewa
tering methods;
- adherence to filed Spill Prevention, Containment
and Control Plans; and
- adherence to site-specific waterbody crossing plans.
The monitors were not responsible for compliance
with commitments or conditions stipulated by other
regulatory agencies that had not been reviewed or dis
cussed m the FERC Environmental Impact Statement
or included in the FERC Certificate.
The compliance monitors also provided Alliance's
Environmental Inspectors (Els) with interpretation and
clarification in the field regarding specific, FERC-related issues (e.g., site-specific implemenfation of mit
igation measures in the Plan and Procedures, whether
or not a linear wetland could be treated as a waterbody
instead of a wetland). Finally, the compliance monitors
reviewed and approved or denied requests for imple
mentation of limited variations to performance-base
mitigation measures previously agreed to by Alliance
or conditioned by the FERC.
Field logistics

Portions of each spread were monitored every week.
Because of the size of most of the spreads, the moni
tors used their judgment in determining what part of
the construction spread to review at any given time,
rather then trying to inspect the entire spread during
every visit. The decision on where to monitor took
into account the status and schedule of construction
activities during the visit, and/or direction received
from the third-party compliance manager or the FERC
Project Manager. Before each review trip, the monitor
called Alliance's Lead El prior to arriving at the con
struction spread, which allowed the Lead El and the
compliance monitor to exchange information on the
status of consfruction and any significant construction
events scheduled over the next 2-3 days. This com
munication also gave the Lead El the opportunity to
request review of variance requests or clarification of
FERC requirements. The compliance monitor would
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then begin review of the spread with the Lead El or,
more often, would work alone. During each weekly
review of the spread, the compliance monitor was re
quired to call the Lead El to discuss compliance issues
as they were identified during the review. This allowed
Alliance to quickly respond to the issue and provided
the Lead El an opportunity to communicate the correc
tive action to be taken, and any follow-up actions that
may be required.
During review of the spread, and to assist in accu
rate and complete monitoring, the compliance monitor
used the same field checklists for environmental mit
igation procedures that the FERC staff uses during
compliance inspections. The monitors also developed
line lists containing site-specific resources for each
spread that could be affected during construction.
During inspections, the monitors recorded observa
tions and took photographs to document construction
progress and compliance issues. These photographs
and notes were used to prepare reports submitted to
the FERC Project Manager on a weekly basis. To facili
tate monitoring, report writing, and electronic transfer
of informafion to the FERC staff, the field checklists
were incorporated into hand-held data computing de
vices and all photographs were digital.
Third-party compliance management

Management of the compliance monitoring program
was conducted by the third-party contractor from its
home office. Support documents, including previously
filed environmental reports, construction alignment
sheets, and site-specific construction plans were for
warded to the compliance manager for use in sup
porting the monitors. Management personnel were
kept to a minimum and consisted of the compliance
manager and occasional support staff as needed. The
compliance manager was responsible for the day-today management and coordination of the compliance
monitoring program, including the field monitoring
effort. The manager provided guidance on, and re
view of, compliance issues; directed and advised the
monitors; reviewed and approved or denied variance
requests that exceeded the authority of the compli
ance monitors in the field; reviewed weekly inspection
reports and noncompliance reports submitted by the
monitors; and prepared the weekly Compliance Moni
toring Reports that were submitted to the FERC Project
Manager. The compliance manager had direct com
munication with the FERC staff and with Alliance's
Environmental Construction Manager.

VARIANCE REQUEST PROGRAM
Program rational

Requests for variances from previously proposed or
stipulated mitigation measures due to unforeseen or
unavoidable site conditions are a common occurrence
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during pipeline construction. Typical requests include
variances from proposed mitigation measures (includ
ing measures from the Plan and Procedures), from con
struction workspace requested by the pipeline com
pany and previously approved by the FERC, or from
environmental conditions stipulated in the FERC Cer
tificate. Typically, the pipeline company would have
to file the request and supporting information with
the Commission for review and approval, a process
that could take from several days to several weeks
depending upon the workload of the FERC staff, the
site-specific circumstances of the request, and the ade
quacy of the supporting information.
Requests for variances can differ from relafively
simple and straightforward interprefations of the Plan
and Procedures to more complicated issues result
ing from unexpected site conditions. Variance requests
may also require a determination of compliance with
federal regulations under the National Historic Preser
vation Act or the Endangered Species Act, for which
the FERC has regulatory responsibility as the lead fed
eral agency. Depending on the number of requests
being submitted and the workload of the FERC staff,
review and approval time for variances can take sev
eral days and often result in unnecessary and costly
construction delays. Under unusual circumstances, the
time required to approve variance requests could also
result in inadvertent environmental impact associated
with inappropriate implementation of stopgap mitiga
tion by construction personnel.
Due to the large size of the project, and because Al
liance did not have previous experience constructing
within this right-of-way corridor, the potential to move
or add construction workspace, on a site-specific ba
sis, was high. Alliance also anficipated that there could
be many instances during construction that would
involve unforeseen or unavoidable site conditions re
quiring the implementation of alternafive forms of mit
igation other than that which was originally proposed.
Consequently, Alliance believed that an alternative to
the typical variance request process would be benefi
cial.
Decision-making authority

From the outset, the objectives of the monitoring pro
gram focused on assisting the FERC staff by reducing
the number of formal variance requests filed with
and reviewed by the staff and by reducing the time
and concomittant construction delays associated with
approvals to implement appropriate alternative mit
igation measures or to request new workspace. To
accomplish this, criteria were jointly developed with
the FERC to provide limited levels of FERC-authorized
decision-making authority to the third-party compli
ance monitors and compliance manager, facilitating
the approval or denial of variance requests made by
Alliance's construction staff.

The requests were categorized into three distinct
groups: those that could be reviewed and approved or
denied by the third-party compliance monitor while in
the field (Level 1 requests); those that would require
review and approval or denial by the third-party
compliance manager (Level 2 requests); and those that
would require review and approval or denial only by
the FERC staff (Level 3 requests). Level 3 requests
would be handled by the standard procedure of filing
a written request with the FERC.
These levels of decision-making authority offered
several distinct advantages. If the compliance monitor
was on the spread at the time of the request, it al
lowed site conditions and the need for the request to be
reviewed, evaluated, and, if approved, implemented
immediately in the field. If the request exceeded the
decision-making authority of the compliance monitor,
it would be submitted as a Level 2 request to the thirdparty compliance manager for review and approval
or denial. In most instances, the time required to re
ceive and respond to a request for a variance was
significantly shortened compared to the typical pro
cedure. Another advantage was that relatively simple
and sometimes numerous requests pertaining to unan
ticipated site-specific conditions could be reviewed in
the field or in the third-party contractor's office rather
than all requests being formally filed and channeled
through the FERC staff. From the FERC's perspective,
this significantly reduced the paper work. Commission
letter writing, and workload of the FERC staff.
Level 1 requests — Compliance monitor

Review and approval of some types of requests for
variances can be relatively straight forward, such as
those pertaining to many of the mitigation measures
outlined in the FERC's Plan and Procedures which are
intended to achieve a particular performance standard.
In some instances, the FERC has delegated decision
making authority to Els for performance-based issues,
such as the need to stop construction in agricultural
areas during wet weather, approval of the use of
imported soils in agricultural and residential areas,
and approval of stump-removal in wetlands due to
safety-related issues associated with construction. As
representatives of the FERC, the compliance monitors
working on the Alliance Project had similar, but more
inclusive, review and approval authority than Alliance
Els for issues that arose during construction that were:
- performance-based issues;
- relatively straight-forward requests;
- modifications to previously approved mitigation
due to site-specific conditions; and
- did not contradict other federal or state agency
requirements.
Requests for variances were considered and ap
proved by the compliance monitor if the performance
resulting from implementation of the requested vari
ance would be similar or more environmentally pro
tective (i.e., as good or better results) than the original
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mitigation measure. Examples of Level 1 variances in
cluded:
- using alternative methods, or alternative placement,
of erosion control devices;
- avoiding installation of permanent slope breakers at
the base of angled grades leading into a wetland or
waterbody if the angle of the slope drained water
off the right-of-way before entering the wetland or
waterbody;
- changing site-specific river crossing plans to reflect
differences in site conditions from those that were
anticipated when the plan was developed (e.g., loca
tion of a spoil storage areas or method of crossing);
- using alternative topsoil storage or handling proce
dures; or
- changing extra workspace setback distances from
waterbodies, particularly in active agricultural
lands.
All requests approved by the compliance monitor
were documented on a Variance Request form that
included a description of the requested variance, sitespecific circumstances associated with the request, one
or more digital photographs that clearly depicted the
area where the variance would be implemented, and
associated conditions to the approval, if applicable.
The approved variance request form was then for
warded to the compliance manager and the FERC
Project Manager, with a signed copy to Alliance.
Level 2 requests — Compliance manager

Requests for variances that exceeded the limits de
scribed above required the review and approval or
denial by the compliance manager. Requests of this
type often involved the review of supplemental doc
uments, correspondence, and records and included
requests that generally:
- involved more complex issues than performancebased mitigation; and/or
- required the use of additional or modified work
space or access roads outside of the previously
approved work areas but within areas that had
been surveyed for wetlands, protected species, and
cultural resources.'
Common examples of this type of variance in
cluded:
- requests to increase the size of an extra workspace to
accommodate additional spoil;
- requests to increase the width of the right-of-way
at specific locations for additional topsoil storage,
side-slope construction, or where unstable soils,
landowner requests, or other conditions required
slight realignments of the pipeline; or
- requests to use or modify access roads not previ
ously identified to the FERC.
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For requests that involved the use of construction
workspace or access roads not previously approved.
Alliance's Lead El obtained the appropriate request
information from the contractor, sign-off from the
spread right-of-way foreman indicating that Alliance
had landowner approval to use the additional lands,
and sign off approval from the Spread Supervisor.
The Lead El would then submit a Level 2 variance
request form to Alliance's Environmental Construction
Manager, with the appropriate supporting information
(e.g., description and digital photos of the additional or
different lands to be used, including exact location by
stationing, size, and the current use and cover) and a
detailed explanation of why the variance was needed
and the urgency of the request. A dimensioned sketch
on a copy of the construction alignment sheet was also
included to be certain of the requested lands to be
used.
Alliance's environmental management staff review
ed this information using project aerial photo-based
construction alignment sheets that showed all previ
ously approved extra workspaces. Cultural resource,
wetland, and protected species records, reports, and
agency correspondence were reviewed to determine if
these areas had been previously surveyed and whether
their use would affect protected resources. If a re
quested workspace or access road had not been sur
veyed for cultural resources prior to construction (i.e.,
during the environmental permitting stage), a survey
of the requested area could be conducted immediately.
The Level 2 request, however, could not be submit
ted until the State Historic Preservation Officer (SHPO)
concurred in writing that no potential sites within the
requested area would be affected. Because of the leadtime needed for SHPO review, it was critical to identify
new access roads and work areas that fall outside of
previously surveyed areas well in advance of the time
they would be needed for construction.
When reviewing the Level 2 request from the field.
Alliance management also considered justification of
the requested workspace or access road, the level
of environmental effect, urgency of the request, and
landowner approval to ensure compliance with the
FERC's standard conditions. All requests for variances
that met the above criteria and were determined by
Alliance's Environmental Construction Manager to be
appropriate were forwarded, via e-mail and fax, to
the third-party compliance manager. The compliance
manager conducted a review of the request and sup
porting information before approving or denying the
request. The total time required for Alliance's internal
variance request review and submittal, and review and
approval by the compliance manager averaged about 1
to 3 days.
Level 3 — FERC staff

1 Each request for additional workspace required attached doc
umentation of agency clearance for protected species and cultural
resources.

Variance requests that exceeded the compliance moni
tor or compliance manager's decision-making author
ity, as described above, were made directly to the FERC
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using the standard process for filing information or re
quests with the Commission. These included requests
that involved:
- changes to Certificate Conditions;
- significant reroutes;
- potentially eligible cultural resource sites;
- protected species habitat;
- construction of new access roads;
- new landowners; or
- project-wide variances.
The FERC staff conducted review and approval of
these types of requests, with support from the thirdparty contractor as needed.

RESULTS AND DISCUSSION

Use of this compliance monitoring and variance re
quest program increased the overall level of environ
mental compliance during construction of the Alliance
Pipeline. The continuous presence of the compliance
monitors on each spread was recognized by all con
struction personnel on site. This presence, and direct
reporting of noncompliance situations to the FERC
staff within 24 h, provided Alliance's construction per
sonnel and contractors with additional awareness of
the environmental requirements and an incentive to
achieve and maintain a higher level of environmental
compliance.
Continuous monitoring resulted in other benefits as
well. From the FERC's perspective, documentation of
environmental compliance was much improved over
the intermittent inspections that are usually conducted
by the FERC. Construction on each spread was mon
itored during about 50% of the actual time (i.e., each
full-time monitor divided his or her time between
two spreads) while typical FERC inspections generally
cover only about 5% or less of a project's total con
struction activity. Because reporting was automated,
the monitors could inspect four to five different loca
tions each day and quickly complete and electronically
submit a site-specific FERC field checklist for each
inspection completed. During construction, the thirdparty monitors completed and submitted to the FERC
more than 3000 individual inspection reports.
During construction. Alliance's Els used a power
ful daily reporting program that allowed compliance
inspections to be recorded and entered into a master
database (Lake et al., 2000). More than 25 Els submit
ted over 25,000 individual environmental inspection
reports. Analysis of these reports indicated an over
all environmental compliance level of 94%. This level
of compliance was verified by revdew of the thirdparty monitoring records. With more than 3000 in
spections completed, the FERC third-party monitors
documented a virtually identical 93% compliance rate.
Full-time monitoring also allowed the FERC Project
Manager to take site conditions, as reported by the

monitors, into account when assessing compliance
situations and when considering variance requests.
Several times throughout construction. Alliance's con
tractors encountered temporary, site conditions (e.g.,
saturated unconsolidated sandy soils, extraordinarily
severe rainfall events) where it was literally impossi
ble to comply with the environmental requirements of
the FERC Certificate without approval of additional
workspace. The alternative was to either temporarily
shut down construction in these areas or to request
additional workspace to achieve compliance. In these
instances, the FERC Project Manager depended on
information, including real-time digital photos and
personal communication from the third-party com
pliance monitors to depict site conditions and efforts
by Alliance's contractors to achieve compliance. In
many cases, significant and often critical requests for
additional construction workspace were approved ex
peditiously, but only after the monitors could verify
site conditions and justification for the requests. For
example, in one instance an additional 50 feet of tem
porary construction right-of-way width for a distance
of 15 miles was approved within 24 h based on veri
fication of severe site conditions by the monitor. This
avoided a costly full-spread move-around, provided
the contractor sufficient room to complete construction
without the mixing or loss of topsoil, thereby achieving
a higher level of compliance, and helped to maintain
the construction schedule. Clearly full-time monitor
ing was a benefit to Alliance as well as to FERC.
The variance request program was also considered
successful. Over 100 Level 1 variance requests were re
viewed and approved during construction. The Level
1 request process allowed implementation of appro
priate mitigation to meet the specific requirements of
each site where it was applied. In many cases, such as
where installation of erosion control devices or slope
or trench breakers were technically required but would
not have helped to control erosion, variances were
obtained not to install them. Although there was no
decrease in the level of environmental protection, the
variance reduced the time and cost associated with the
installation of these unit price pay items. Requests for
the same variance, but at multiple locations, were often
identified by the El and bundled into a single request
that could be submitted to the monitor. The sites could
then be inspected and approved or denied over the
course of several days and implemented immediately
after notification of approval.
The Level 2 request process was extremely bene
ficial to Alliance. The requests focused on the need
for additional and/or modified extra workspace to
meet unexpected field conditions and to address areas
where landowner access for surveys prior to construc
tion could not be obtained. During construction, the
following Level 2 requests were approved:
- 216 requests for new or enlarged extra workspace
areas, totaling 60 acres;
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- 30 requests for increased construction right-of-way
width, totaling 42 acres;
- 54 requests for the use of new access or shoofly
roads, totaling 160 roads; and
- 11 requests to increase the size of contractor yards,
totaling 48 acres.
The approval rate of Level 2 variance requests was
high for specific reasons. Prior to implementation of
the program. Alliance made a commitment to the
FERC to not make frivolous requests. To achieve this,
implementation of the variance request program was
covered very thoroughly during environmental train
ing, specifically indicating that unjustified requests
would not be submitted to the third-party contrac
tor. During construction, 286 Level 2 requests were
received from the different construction spreads. As
requests were received and reviewed internally by
the environmental management team, 57 (20%) were
rejected as being unnecessary, lacking appropriate sur
veys or clearances, or because implementation would
result in unacceptable impact. Of the remaining 226
that were approved internally and submitted to the
third-party compliance manager, 221 (98%) were ap
proved within 1 to 2 days.
The ability to request and receive permission to
use additional construction workspace to meet chang
ing conditions was extremely valuable to the Alliance
Project. When faced with record high rainfall and
groundwater levels during 1999, and unconsolidated
sand soils unknown of during planning, the need for
additional workspace was often critical to maintain the
construction schedule. This program allowed the con
tractors to proceed with construction through difficult
conditions and problem areas without costly delays.
The ability to quickly obtain more workspace when
justified by site conditions, such as collapsing trench
walls during river crossings, prevented numerous and
extremely expensive crew and spread move-arounds.
It also allowed construction crews and equipment to
keep working and often avoided the use of expensive
alternative construction methods, thereby helping to
maintain work within budget and avoiding delays. In
many instances, the avoidance of construction delays
actually resulted in lower levels of environmental im
pact to sensitive resources.
Not all variance requests were generated under
problematic or urgent conditions. The need for new
access roads, shooflys around extensive wet areas in re
mote North Dakota, or additional workspace through
out the project area was identified through ground
inspections made by the contractor. On-site inspections
were often only completed once landowner permis
sion was granted and access to the right-of-way had
been obtained, or as construction progressed along the
right-of-way. For this project, conditions changed dras
tically between the preconstruction planning process
and the first year of construction, resulting in many un
known conditions.
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CONCLUSIONS

No matter how much effort is expended during the
project-planning phase, changing or unexpected con
ditions occur during almost all pipeline construction
projects. The FERC Third-Party Monitoring and Vari
ance Request Program provided a mechanism for the
company to address changing conditions and addi
tional workspace needs, while allowing the EERC to
have independent monitors on site to verify conditions
and justifications and to process variance requests in a
timely marmer. Timely approval of variance requests
allowed construction to proceed in a more orderly and
cost-effective manner with no decrease in environmen
tal protection. The monitoring program also provided
the FERC staff with improved compliance documenta
tion and appears to have had a positive effect on the
overall level of compliance. At date of publication the
EERC has approved use of this program on four other
pipeline construction projects totaling over 1,260 miles
of new pipeline.
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Electronic Reporting as a Tool to Effectively
Manage Compliance During Pipeline Construction
Douglas J. Lake, Elizabeth Dolezal, and Terry Antoniuk

During peak construction of the Alliance Pipeline Project in the United States, six mainline con
struction spreads, 4800 construction workers, and up to 28 environmental inspectors (El) worked
simultaneously. To document, monitor, and effectively manage environmental compliance on
a daily and weekly basis. Alliance Pipeline L.P (Alliance) developed and implemented the United
States Environmental Inspectors Reporting System (USEIRS). The USEIRS program was used
by each El to complete a construction activity report (e.g., erosion control, waterbody crossing,
clearing, grading, trenching), which documented levels of environmental compliance for each in
spection made throughout the day. Activity reports were automatically rolled into a daily report
generated by each El, which was submitted via e-mail to a central database at the end of each day.
A daily "newspaper" summarizing, by spread and El, the results of environmental inspection
conducted during the previous day was generated from the database for the entire project and
distributed electronically to construction and environmental management staff and to each con
struction spread by 6 AM daily. Included as part of the daily newspaper, summary matrix tables
generated by USEIRS were used to keep Alliance's management staff aware of environmental
compliance issues on a daily basis. Summary compliance information was organized by spread,
construction activity, and level of compliance. This information was used to monitor construction
progress and environmental inspection activities by spread and to rapidly (within 24 h) identify
both minor and significant compliance issues and compliance trends across the 890-mile-long
construction area. Environmental management and construction staff used this information to
work with the contractors directly to clarify or resolve compliance situations and to determine the
need for additional environmental training. By maintaining a centralized database of all inspec
tion records, environmental management staff was also able to easily and quickly search, identify,
and report on trends in non-compliance activities, to determine relationships of non-compliance
trends to outside factors such as rainfall, and to effectively track, monitor, and document resolu
tion of non-compliance issues. Finally, the reporting system was used to rapidly condense daily
events, incidents, landowner contacts, agency notifications and other specific information into
weekly environmental reports required by the Federal Energy Regulatory Commission.
Keywords: Software, database, inspection, environmental, regulatory

INTRODUCTION

The United States portion of the Alliance Pipeline
is 890 miles long, from the Canada border in North
Dakota, through Minnesota, Iowa, and Illinois. Con
struction activities involved six mainline construction
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spreads, up to 4800 construction workers, and 28
full time environmental inspectors working simultane
ously. While overall project management was centered
in Calgary, construction was managed primarily from
Houston and environmental compliance was managed
from Minneapolis. To monitor and document construc
tion activities associated with implementation of envi
ronmental mitigation specified in the Federal Energy
Regulatory Commission (FERC) Certificate of Public
Convenience and Necessity and other regulations and
permits. Alliance Pipeline L.P. (Alliance) developed an
effective electronic environmental inspection reporting
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program that was used daily by each of the environ
mental inspectors in the field. The program allowed
members of the project team to quickly communicate
and discuss environmental compliance issues between
Calgary, Minneapolis, Houston, and each construction
spread.
To accommodate the size of the project, a major
objective of the reporting program was to allow Al
liance's environmental construction management team
to quickly and efficiently monitor environmental in
spection and compliance activities daily across the en
tire area of active construction. During implementation
of this reporting program, we found that we were able
to more effectively track, discuss, react to, and manage
environmental compliance issues between construc
tion spread personnel, contractor personnel, and each
management center. This paper describes the compo
nents of the reporting program, how it was imple
mented in the field, and how it was used to effectively
manage environmental compliance.

REPORTING PROGRAM DESCRIPTION

An electronic environmental inspector reporting sys
tem was developed for use by Alliance's environ
mental inspectors during construction of the project
facilities in Canada. The reporting program was modi
fied to address regulatory differences between Canada
and the US. The modified reporting program, referred
to as the United States Environmental Inspectors Re
porting System (USEIRS), was used during Alliance's
construction activities in the United States. USEIRS is
an easy-to-use reporting and referencing program that
runs in Microsoft Access®. It consists of both program
files and a replicated database that was loaded onto
each environmental inspector's laptop computer.
In addition to the traditional form of environmental
inspection where the environmental inspector con
ducts an ongoing or "continuous" inspection of con
struction activities while interacting with the contrac
tor, Alliance required its environmental inspectors to
conduct multiple and specific "spot" inspections of
distinct construction activities each day. This system,
similar to the way EERC's environmental staff con
ducts environmental compliance inspections, allowed
Alliance to specifically document and quantify lev
els of compliance by specific construction activity. The
reporting program allowed each environmental in
spector to complete multiple environmental inspection
reports during each day of active construction. These
inspection reports were then automatically rolled into
a "daily report" for that individual inspector which
was downloaded electronically via e-mail at the end
of each day to the centralized master database in Min
neapolis.
An objective in developing the program was to
make environmental reporting simple and fast to com
plete in the field. This was achieved by incorporating

pre-programmed drop-down menus specific to the
project and construction spread and by using simple,
descriptive text entry boxes, on-screen tips, and fail
safe mechanisms that directed the environmental in
spectors to complete certain required data fields before
logging out of the program. Proper training and user
support throughout construction proved to be critical
to successful reporfing as many project personnel had
limited experience with computers. Ongoing involve
ment of environmental construction management staff
reinforced the importance of accurafely completing
and filing reports on time and helped to solve technical
problems when they arose. Electronic communication,
including Internet connections from remote areas, and
other unique data transfer problems were encountered
periodically by field staff and resulted in the most fre
quently needed support.

TYPES OF REPORTS

The environmental inspectors were required to fill out
an inspection report for each construction activity that
they inspected. The inspectors could select from four
different types of inspection reports, including general
inspection, non-compliance, non-compliance follow
up and incident reports.
General activity reports were completed by the
environmental inspector when inspections indicated
that, from an environmental perspective, work at a
specific location was acceptable and within regulatory
compliance. General activity reports were by far the
most common report submitted on a daily basis and
made up about 94% of all reports filed during construc
tion. Once the report was electronically downloaded
into the master database, these reports clearly doc
umented compliance with environmental conditions
and requirements at site-specific locations on each
spread.
Non-compliance reports documented, on a sitespecific basis, construction activities that did not com
ply with regulatory requirements or environmental
specifications provided by Alliance. Notice of a stop
work order, if issued by the environmental inspector,
and recommended corrective actions were recorded
in each non-compliance report. These reports also
documented follow-up actions agreed to with the
contractor, schedules to complete follow-up actions,
persons contacted relative to the follow-up action,
and supporting photo-documentation. Once a noncompliance report was entered into the system, a
non-compliance follow-up report was automatically
required by the program to document implementation
of recommended follow-up actions that were agreed to
in the field.
Each environmental inspector regularly searched
his or her individual database to identify non-compli
ance actions that had not yet been closed out. The en-
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Alliance Pipeline L.P.:
USA Environmental Inspection Reporting System
NONCOMPLIANCE REPORTS
Inspector: Paul Shrum

All NCR issues resolved

Shut down order given

Inspection Date: 23-Jul-1999
Level: Minor Problem

Date of Incident: 23-Jul-1999

Subject: Minor topsoil mixing due to rutting

Time of Incident (if known):

Activity: Welding
Location MP: 108.7 to 108.7

Photo:
Station:

5745.00 to 5745.00

Facility/Location Name: South of HWY 3

Video:

Suggested completion Date:

Sketch:

The contractor rutted a small area and caused minor mixing of the topsoil in the area. Spoke to the welder foreman about rerouting the
equipment around the area, which was done and no further impact to the area occurred. The ROW conditions overall are drying out and
improving.

NCR FOLLOW-UP REPORTS
Inspector: Chris Duncan

All NCR issues resolved

Start up order given

Inspection Date: 23-Jul-1999

Photo:

NCR Inspector: Chris Duncan

Video:

NCR Date: ll-Jun-1999

Skecth:

NCR Subject: Topsoil mixing and working outside approved ROW
Description of Follw-up:
Recommended Follow-up Inspection and Monitoring: Contractor abandoned area after El informed them of violation. No further rutting or
working off ROW took place.

ACTIVITY REPORTS
Inspector: Chris Duncan

Inspection Date: 23-]ul-1999

Activity: Grade Final

Photo:

Location MP: 131.49 to 131.78

StationL: 6943.76 to 6965.21

Facility/Location Name: South of Hwy 30

Video:
Sketch:

Description of activity:

Effect of Weather on Construction

Contractor restoring ROW topographical features to preconstruxtion condition. Replacing all topsoil and redistributing it across the ROW.
Installing permanent slopebreakers in accordance with FERC and environmental alignment sheets.
Fig. 1. Typical page of daily newspaper showing noncompliance, noncompliance follow-up and activity report format.

vironmental compliance management team also rou
tinely searched the master database to identify un
resolved non-compliance issues by spread to discuss
with the environmental inspectors and for inclusion
into weekly reports to the FERC staff and monthly re
ports to Alliance's construction management.
Incident reports were used to document unexpected
events that occur during construction (e.g., flooding,
hazardous material spills, fire, and severe weather)
and the actions required or corrective actions taken
to respond to such events. Although an incident by
itself was generally not considered a non-compliance
action, it could lead to a non-compliance action and
needed to be documented as such in the event of
future actions or claims by regulatory agencies or
landowners, respectively.
Each of the reports described above are presented in
Fig. 1 as they appeared from a typical page of the daily
newspaper. Each report required four different types
of information to be entered, including:

General information

-

Construction activity inspected
Specific inspection location
Landowner tract number
Time and date
Specific subject of inspection

Inspection information

- Inspection description
- Effect of weather on construction
Reference information

- Photo
- Video
- Sketch
Field contact information

- Name
- Organization
- Notes of contact
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INFORMATION TYPES

To track the type of construction activities that were
being inspected on a daily basis, all inspection reports
were tied to over 22 different types of construction ac
tivities (e.g., grading, topsoil stripping, trenching, wa
terbody crossing, wetland construction). This allowed
tracking of construction progress and environmental
inspector activities by spread as well as environmen
tal compliance by construction activity. Identification
of trends in non-compliance during a particular con
struction activity, such as keeping topsoil and subsoil
separated during trenching, became readily apparent
during review of the inspection reports. Through use
of the search function described below, reasons for
non-compliance actions could often be correlated to
spread conditions (i.e., weather, saturated subsoil con
ditions) and solutions to achieve greater compliance
could be shared with other spreads. The need for ad
ditional crew-specific training could also be identified
through tracking by construction activity.
Digital photo documentation was used regularly
during inspections and played a major role in commu
nicating and documenting compliance and resolution
of non-compliance actions with regulatory agency per
sonnel. When the environmental inspector took digital
photographs, the digital photograph file was given a
specific coded file name thaf incorporated site-specific
location, date, and subject information, which was
cross-referenced electronically in the site-specific inspecfion report. The photographic files were not incor
porated directly into the reporting database, but sent
electronically as a zipped batch file, together with the
daily report, to the environmental compliance super
visor. Digital photographs were stored in a directory
by spread and date and could be easily searched by
date, spread, subject, or environmental inspector name
when needed for reference to a specific inspection re
port.

PROGRAM UTILIZATION

The inspection information recorded and downloaded
into the master database was used in a variety of
ways to monitor and manage emdronmental inspec
tion activities, to ensure timely follow-up of corrective
actions, and to increase levels of environmental com
pliance during construction. After each environmental
inspector submitted his or her daily report, a daily
newspaper was automatically printed out and distrib
uted by 6 AM the following morning to each spread's
management team, as well as management personnel
in Calgary, Minneapolis and Houston. The daily news
paper contained summary tables for the entire project
and for each spread, as well as a descriptive summary
of each inspection made the previous day.

Because each daily newspaper for a projecf of this
size often exceeded 40 pages, the cover page of the
newspaper contained a project-wide matrix table that
summarized the total number of environmental in
spections conducted on each spread from the previous
day (see Fig. 2). From that total, the number of inspec
tions that were acceptable, in non-compliance, or were
non-compliance follow-up inspections was identified.
This fable allowed management personnel working on
the project to quickly determine the level of environ
mental inspection activity from the previous day and
where environmental problems, if any, were reported
from the entire project area.
The project-wide matrix table was followed by de
tailed inspection information for each spread. This
information included a spread-specific table that enu
merated construction activity inspected during the
previous day on that spread. This allowed separate,
spread-specific newspapers containing information for
individual spreads only to be generated and distrib
uted to each respective spread.
Using the newspaper, environmental and construc
tion managers could easily scan the cover page to
review the environmental activities from the previous
day and to determine from which spread they wanted
additional information. By turning to the first page
of fhat spread, they could quickly review the number
of inspecfions completed the previous day, the types of
construction activities that were being inspected, and
the level of environmental compliance that was being
achieved. Detailed information regarding specific in
spections was then easily obtained by reviewing the
following printed individual inspection reports.
The newspaper kept Alliance's construction man
agement staff informed on a daily basis of all
environmental as well as many non-environmental
issues. In doing so, it provided the basis for confer
ences between environmental construction manage
ment staff, environmental inspectors, spread construc
tion staff, and contractor management, as necessary, to
help resolve noncompliance issues in a timely man
ner. Most importantly, it provided a means for nonenvironmental management staff to become actively
involved in achieving a higher level of compliance.
The newspaper also allowed trends in non-compli
ance activities (e.g., poor topsoil segregation, failure to
install erosion controls) by a particular contractor or
crew to be identified promptly so that the need for
additional crew training could be discussed with the
environmental inspectors.
Non-compliance issues were tracked by each indi
vidual environmental inspector on their laptop com
puter and were periodically searched to ensure that
follow-up on correcfive actions were completed in a
timely manner. The master database was also searched
monthly for outstanding non-compliance items that
required closeout by the inspector. Once the environ
mental inspector re-inspected the area in question, he
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Alliance Pipeline L.P.: USA Environmental Inspection Reporting System
Inpection Date
Spread
Spread 1
Spread 2
Spread 3
Spread 4
Spread 5
Spread 6
Delivery Segment

Total Reports
35
18
15
3
13
60
8

Noncompliance
1

1
2

2

152

4

12

Totals
Spread
Activity

NCR Follow--up
7
2
1

Activity
27
16
14
3
12
56
8

Incidents

136

Spread 1

Grubbing/Grading
Backfilling
Welding
Training
Stringing
Pipe/Contractor Yard
Trenching
Notification/Coordination
Wetland Construction
Grade Final
Flagging/Signage
Facility Site Inspection
Erosion Control
Dewatering
NCR Follow-up
Other
Incident
Landowned Contact
Agency Notification
Totals

Total Reports

In Compliance

1
2
2
1
3
1
1
2
2
1
1
3
3
1
7
4
0
0
0

1
2
1
1
3
1
1
2
2
1
1
3
3
1
7
4
0
0
0

35

34

Minor Problem

N oncompUance

Serious
Noncompliance

1

1

Fig. 2, Typical cover page of the daily newspaper.

or she filled out a non-compliance follow-up report
form, cross-referenced the original non-compliance re
port, and if the inspection was acceptable, the program
deleted the non-compliance item from the electronic
noncompliance report follow-up list. The noncompli
ance follow-up list in the master database was also
automatically updated with the next daily electronic
submittal from that environmental inspector. This sys
tem permitted careful tracking and documentation of
all noncompliance follow-up actions and allowed en
vironmental management to easily summarize follow
up activities for noncompliance situations. This infor
mation was included in weekly reports to the FERC, as
discussed below.

OTHER APPLICATIONS

Once environmental inspection information was
downloaded into the master database, it became read
ily available to the environmental construction man
agement team for a variety of other applications.

The USEIRS program was used to record and doc
ument stormwater and erosion control inspections
required by National Pollution Discharge and Elimi
nation System (NPDES) Section 402 Stormwater Dis
charge Permits. Erosion control inspection reports of
the construction right-of-way were typically made on a
weekly basis or after storm events and were listed un
der the construction activity "Erosion Control." Mile
post locations and descriptions of supplemenfal ero
sion control requirements were documented in these
inspection reports. This record of inspection was used
by Alliance to satisfy documentation requirements of
the different states.
Another important function of the reporting pro
gram was the ability to search the database for any
combination of data fields for which inspection infor
mation was collected, including landowner tract num
ber, milepost, geographic feature, construction activity,
date, or type of report. Typical searches included com
pletion dates of waterbody crossings and documen
tation of agency contacts made by the environmental
inspectors, such as the notification of hydrostatic test
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water withdrawals and releases, changes to stream
crossing windows or crossing methods, or the report
ing of hazardous materials spills. Database searches
also played an important role in the location of pho
tographic documentation records of right-of-way con
ditions prior to, during, and following construction, in
tracking landowner contacts with the environmental
inspectors to be included in weekly FERC reports, and
in determining locations where environmental inspec
tors noted that contractor warranty work was required
to complete or repair restoration work from the previ
ous construction season.
Following the 1999 construction season, the con
struction contractors were required to complete follow
up restoration and warranty work on site-specific areas
of the right-of-way. To help determine where addi
tional restoration work was required, the database
was searched for areas identified by the environmen
tal inspectors during NPDES surveys over the winter
shutdown period. The database was also searched by
landowner, landowner tract, non-compliance report
records, and by landowner contacts made with the
environmental inspectors during construction to help
determine the history of construction events on spe
cific landowner tracts. The report information in the
database has also been used as a basis for discussing
damage claims brought forward by landowners after
construction.
Database searches for non-compliance reports and
follow-up activity, and landowner contacts and com
plaints made to the environmental inspectors were
also conducted to help prepare the weekly environ
mental status report required by the FERC staff during
construction. These weekly reports included updated
information on construction and environmental events
for each construction spread and were prepared in less
than one day by inserting information from the daily
reports downloaded from each construction spread
from the previous week and tabulating searched infor
mation. Compliance issues were easily summarized by
spread and construction activity.

CONCLUSION

Use of the USEIRS electronic reporting system de
scribed in this paper allowed Alliance's environmental
construction management team to more effectively
monitor and manage the daily activities of the envi
ronmental inspectors and the levels of environmental
compliance recorded during construction of this large
project. The reporting system allowed environmental
information to be quickly distributed, reviewed, and
acted upon by the entire project management team,
which helped to increase the overall level of envi
ronmental compliance. The database software allowed
documented information to be quickly retrieved to use
in progress reports and to support other project team
activities.
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T h e Value of a Third Party In sp ection
Program D uring th e C o n stru ctio n
of N atural G as P ip elin es in M aine

Linda Kokemuller

In 1998 and 1999, two major interstate natural gas pipelines were constructed in Maine. Prior
to this construction, Maine had very few miles of gas pipeline located within the state and
no experience with permitting interstate gas pipeline projects. Maine did have experience with
the use of third party inspectors to monitor large construction projects for compliance with
the approved plans and their impacts on protected natural resources. During the permitting
process, the Maine Department of Environmental Protection (MDEP) determined that third party
Inspectors would be required for the construction of the two projects. MDEP worked with both
companies to create the documentation that would be necessary to run the program and to hire
the appropriate inspectors. The MDEP found the third party inspection program to be beneficial
for several reasons, including the following:
1. The MDEP project manager was able to maintain direct daily overview of the pipeline
construction and react quickly to resource issues that arose.
2. The third party inspector was immediately available to respond to specific landowner
and/or public concerns.
3. MDEP was able to delegate certain specified functions to the third party inspectors, includ
ing the ability to grant variances from permit requirements based on site-specific conditions.
Keywords: Erosion, environmental, EERC, inspectors, natural resources

INTRODUCTION

In the mid-nineties, when two pipeline companies first
approached the Maine Department of Environmental
Protection (MDEP) to discuss the construction of two
new natural gas pipelines, no one at the MDEP had any
idea of just what such construction entailed. The only
mainline natural gas pipeline in the state was origi
nally constructed during wartime, in the early 1940s, to
carry oil from Canada. At some point after that, this oil
line had been converted to carry natural gas, but few
of Maine's citizens were aware of its existence. Such
would not be the case with the two new pipelines be
ing proposed. These two pipelines would traverse the

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m
J.W . G o o d r ic h -M a h o n e y , D .F . M u t r ie a n d C .A . G u ild (e d ito r s )
© 2 0 0 2 E ls e v ie r S c ie n c e L td . A ll r ig h t s r e s e r v e d .

state from its southern border with New Hampshire
to its northern border with Canada, utilizing a joint
pipeline between Eliot and Westbrook. Erom West
brook, the Western pipeline project would head for the
western Maine border and Montreal, and the Eastern
pipeline project would head for the eastern Maine bor
der and Sable Island. In total, approximately 53 miles
of 30" diameter pipeline, approximately 273 miles of
24" diameter pipeline and approximately 47 miles of
12" diameter pipeline would be laid. Approximately
650 stream crossings would be constructed, including
hundreds of cold water fishery stream crossings and
approximately 3000 wetlands would be crossed. The
Western and the Eastern pipeline projects, which were
constructed in 1998 and 1999, respectively, represented
the two largest infrastructure projects ever undertaken
within the State of Maine, with the possible exception
of the Maine Turnpike constructed fifty years earlier.
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PERMITTING PROCESS

directly with the applicant, but receive their direction
from, and report to, the MDEP.

Although the Federal Energy Regulatory Commission
(FERC) has overlapping permitting authority for in
terstate pipeline projects, the two pipeline companies
participated fully in the State of Maine's permitting
process. The pipeline companies applied to the MDEP
for Site Location of Development (Site Law) and Nat
ural Resources Protection (NRPA) permits, and a Water
Quality Certification, the issuance of which is dele
gated to the state by the EPA under the Clean Water
Act. The Site Law requires permits to be obtained for
all federal, state, municipal, quasi-municipal, educa
tional, charitable, residential, commercial, or industrial
developments that occupy a land or water area in
excess of 20 acres. The NRPA requires permits to be ob
tained for activities located in, on or over any protected
natural resource, or for activities located adjacent to
a protected natural resource and operated in such
a manner that material or soil may be washed into
certain specified natural resources. Protected natural
resources include coastal wetlands, significant wildlife
habitats, fragile mountain areas, freshwater wetlands,
great ponds or rivers, streams, or brooks. As part of
the MDEP's permit process, alternative routes were
analyzed, every stream to be crossed was identified
and classified, historical sites were located, potential
impacts to state-listed rare plants and animals were
evaluated and every potential for impact to surface
water quality was studied. Maine has widely varying
soil types including one particular type (Presumpscot)
composed of glacio-marine clay which is uniquely dif
ficult to contain once disturbed, and which is found
along large secfions of both pipeline routes and at
many stream and wetland crossings.

During the Western pipeline's review process, the
applicant and the MDEP developed a document en
titled "Independent Third Party Inspection Program"
which was further refined during the Eastern pipe
line's review process. The final version of this doc
ument was used during construction of the Eastern
pipeline project. It contains nine sections. These are
Introduction and Purpose, Selection of Independent
Third party Inspector, Duties and Responsibilities, Ac
tivity Documentation and Communication, Commu
nication and Coordination, Program Implementation,
Wildlife and Fisheries, Dispute Resolution and Evi
dentiary Privilege. As stated in the Independent Third
party Inspection Program document, the objectives of
the program are:
- To monitor all construction and restoration activities
to assure compliance with MDEP permits and con
ditions;
- To provide interpretation of MDEP conditions and
standards at the request of the project Chief Inspec
tor and Environmental Inspectors; and
- To participate in field decisions with respect to
stream crossings based on conditions in the field at
the time of construction.

ESTABLISHING THE THIRD PARTY INSPECTION
PROGRAM
Authorizing documentation

When a development is of substantial size and of a
complex nature, the Site Law rules specifically allow
the MDEP to make provision for a third party inspec
tor to conduct on-site inspections, at the developer's
expense, to ensure proper execution of the approved
plans including any conditions imposed by the MDEP.
Typically the MDEP has only required the use of third
party inspectors on projects that would require large
expanses of soil to be exposed for long periods of time,
such as golf courses. In 1997 and 1998, while process
ing the pipeline applications, it became clear that the
one project manager assigned to review both appli
cations would be unable to effectively ensure compli
ance with the permits. The MDEP determined that the
pipeline projects met the criteria for requiring a third
party inspector and this requirement became a permit
condition. The third party inspectors would contract

Selection of inspectors

All parties agreed that it was crucial to hire the "right"
individuals to be third party inspectors. The pipeline
companies wanted to ensure that the inspectors had
pipeline experience and the MDEP wanted to ensure
that the inspectors were familiar with Maine's laws
and standards for erosion control. Everyone wanted
to ensure that the selected inspectors clearly under
stood their role in the pipeline construction process
and had a suitable personality for functioning in this
type of role. In the end, some of the individuals hired
had extensive experience working with Soil and Water
Conservation Districts in Maine and with the MDEP
and others had extensive pipeline experience, having
worked on various pipeline projects around the coun
try.
On each pipeline spread, utilizing third party in
spectors who could provide this combination of local
and specialized experience worked extremely well.
Each was able to learn from the other and all were able
to quickly familiarize themselves with the expectations
that the MDEP had for the third party inspectors' role.
In addition, the MDEP was able to utilize the pipelinesavvy inspectors to provide independent verification
of representations being made by the pipeline com
panies prior to construction, particularly in regard to
stream crossing methodologies.

The value o f a third party inspection program during the construction
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Training of inspectors

The Western pipeline project

After the third party inspectors were selected, the
MDEP project manager held numerous meetings with
them to outline the MDEP's expectations for the pipe
line construction. The third party inspectors were
given the construction drawings for their assigned
spread and, prior to construction, they walked the
length of their spread to familiarize themselves with
the terrain and the natural resources that would be
impacted. Visits were made to the construction rightof-way with the MDEP project manager and discus
sions were held, on-site, about all the various aspects
of the construction, particularly stream crossing meth
ods. While construction was underway, the MDEP
project manager continued to meet with the third party
inspectors on the right-of-way, when necessary, to clar
ify permit conditions and MDEP expectations for such
things as the granting of variances.
The third party inspectors were included in some of
the pre-construction meetings held with the pipeline
companies and in all of the environmental construction
training conducted by the pipeline companies. At the
environmental training sessions, the pipeline compa
nies emphasized compliance with all of the federal and
state permits and the necessity of working together as
a team with the third party inspectors to successfully
complete the project. The MDEP was represented at
most of these training sessions and took part in the dis
cussions.

When the Western pipeline project got under way
in the spring of 1998, it was running weeks behind
schedule and FERC had not yet granted clearance to
construct on large sections of the right-of-way, mostly
due to land acquisition issues. Also, the third party in
spectors, who had walked the entire right-of-way prior
to the start of construction, had identified numerous
streams that were not shown on the approved con
struction drawings. When initial meetings were held
with the contractors for the three construction spreads,
it was readily apparent to the MDEP project man
ager that these contractors were not as familiar as they
needed to be with the conditions that had been placed
on the permits by the MDEP, with Maine's soils and
with the vagaries of Maine's weather.
One of the spreads was voluntarily shut down
almost immediately because of problems with the
clearing crews; another was shut down approximately
a month later because of poor erosion control and the
unnecessary destruction of stream banks and habitat.
At the end of June, a major rain event (nine inches
in a few days) occurred across the entire state. The
construction right-of-way, which contained numerous
wetlands and streams, never quite dried out after that
and then the fall rains arrived on schedule. Dewatering
activities that caused sedimentation and siltation of
streams, particularly the fisheries' streams, were a
major problem and a major source of conflict between
the Western Pipeline Company, the contractors and
MDEP. Trenches were being left open for extended
periods of time because the construction was not
proceeding in an orderly manner.
As a result, in the summer of 1998, the Western
Pipeline Company requested that the MDEP allow
construction, which was supposed to have been com
pleted by November 30, to extend into the winter. They
also requested an extension of the crossing comple
tion date for numerous coldwater fishery streams. The
MDEP was faced with a major dilemma and input
from the third party inspectors was crucial to the de
cision that was made-to allow construction to continue
until it was completed.

Communication

For the third party inspection program to work, it
was crucial that the inspectors were able to effec
tively access the right-of-way and communicate with
the MDEP and the pipeline companies. The inspec
tors were supplied with four-wheel drive vehicles,
cell phones, fax machines, computers and cameras.
Standardized forms were created and utilized for sub
mitting daily reports and for submitting more specific
action requests. An organizational chart and telephone
contact list was distributed. Discussions were held
with the various parties and agreements were made
to ensure that everyone knew what authority the third
party inspectors had and who they were to contact.

PIPELINE CONSTRUCTION

Once underway, the actual construction of the two
pipeline projects took very different routes, in both a
literal and figurative sense. The MDEP found the third
party inspection program to be invaluable during the
construction of both projects. However the strengths
of the program varied for each project. To understand
this variability, it is important to note some very major
differences between the two pipeline projects.

The Eastern pipeline project

When it came time to start construction of the East
ern pipeline project, the Eastern Pipeline Company
both benefited from the Western pipeline's experiences
and suffered from them. During the year before con
struction was to start, the Eastern Pipeline Company
completed a final walkover of their entire right-of-way
to ensure that no streams or wetlands had been missed,
and included this information in their construction
drawings. The Eastern Pipeline Company emphasized
to their contractors that the contractors were responsi
ble for complying with MDEP permit conditions and
that, in general, those conditions were not negotiable.
Many of the conditions had been specifically placed
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in the Eastern Pipeline Company permit as a direct
consequence of MDEP experiences with the Western
pipeline construction.
When construction started in June 1999 on the
Eastern pipeline project, it was generally on schedule
for all three spreads and FERC clearance had basically
been obtained for the entire right-of-way. Construction
of the pipeline, June through October, took place under
almost ideal weather conditions with very little rain.
Most wetlands were unusually dry. By the time many
fishery streams were ready to be crossed, they were
dry or nearly so, allowing the use of dam and pumps
instead of flumed dry crossings, thereby reducing the
amount of time it took to complete the crossings and
reducing environmental impacts to the resources.
There was one major sedimentation incident dur
ing an important stream crossing and several minor
incidents that were brought to MDEP attention by the
third party inspectors. This resulted in a very produc
tive meeting between the Eastern Pipeline Company,
the contractors and the MDEP in July. There were other
minor problems and issues that arose during the re
mainder of the Eastern pipeline project, but, because
of the ideal construction weather and the level of coop
eration between all the responsible parties, they were
quickly resolved. The pipeline was completed on time
and with minimal environmental impacts.

BENEFITS OF THE THIRD PARTY INSPECTION
PROGRAM

In the MDEP experience, all permitted projects benefit
from some degree of oversight, if for no other reason
than to ensure that permit conditions are properly
interpreted. The applicant's number one priority is
always the completion of their project. The MDEP's
number one priority is to ensure that the applicant
does not lose sight of the importance of the natural
resources that could be impacted by their construction.
There is no more effective way of accomplishing this
than maintaining a presence at the construction site,
even if only occasionally.
For the MDEP, the third party inspectors played a
crucial role during the construction of both the pipeline
projects. As discussed in the introduction, the two
pipeline construction projects were so large, impacting
so many natural resources, that the MDEP on its own,
with its limited personnel resources would have been
unable to effectively monitor their construction.
Although FERC and the Army Corps of Engineers
also permitted the project and had inspectors on-site
regularly during construction, the MDEP permits con
tained many requirements that were more stringent
than the standard best management practices required
by FERC. MDEP requirements included the following:
(1) that clearing crews cross streams in the location
where the permanent equipment bridge will be placed;

(2) that an ungrubbed 25 foot wide buffer be main
tained on both banks of a stream until the stream
crossing crew arrived to construct the crossing; (3) that
equipment bridges be constructed in such a way that
soil cannot fall into waterbodies through cracks in the
crossing or over the edge of the crossing; (4) that dry
stream crossing methods be used for numerous coldwater fishery streams and streams with Class AA and
A water quality greater than 10 feet in width; (5) that fi
nal restoration of the area within 100 feet of the stream
bank for coldwater fisheries streams and streams with
Class AA and A water quality be completed within
24 or 48 h of completing the stream crossing, depend
ing upon the width of the stream (a pipe of adequate
length had to be used for the crossing to ensure that tieins would be completed outside this 100 foot buffer);
(6) that all trench dewatering completed within 250
feet of a stream had to use secondary containment;
(7) that all trench dewatering structures had to be
placed as far from the stream as possible to ensure that
this water did not run directly back into the stream;
and (8) that the final restoration crew could be no more
than 45 days behind the pipe gang. The third party
inspectors were specifically tasked with ensuring that
the pipeline companies and their contractors complied
with these requirements.
The third party inspectors' daily reports were sub
mitted each evening by fax or e-mail to the appro
priate parties and the required action reports, which
documented specific items that should be addressed
immediately to avoid violations, were submitted as
needed. In this way, the MDEP project manager was
able to keep abreast of the pipeline construction activ
ities, while targeting visits to the most critical areas at
the most critical times. This was particularly impor
tant during the construction of the Western pipeline
project, because of the number of issues and problems
that arose on all three spreads throughout an eightmonth period of time. The Western Pipeline Company
did receive several letters of non-compliance and one
notice of violation from the state, but would have un
doubtedly received many more if not for the daily
overview that the third party inspectors provided. By
their presence, the third party inspectors were able to
prevent permit violations from occurring and mini
mize resource impacts.
The MDEP is quite aware that permitted construc
tion projects seldom proceed according to plan and
that acts of God do occur, in addition to acts of man.
The MDEP does attempt to ascertain whether every
thing that could be done, in practical terms, has been
done when determining the appropriate course of
action, e.g., whether the contractor should be com
mended for taking all appropriate action or whether
a letter of non-compliance or a formal notice of viola
tion should be issued. The third party inspectors were
invaluable in making this determination because they
were on the project site every day.

The value o f a third party inspection program during the construction

The third party inspectors were frequently able to
provide an explanation to the MDEP project manager,
who could not visit the spreads on a regular basis, for
why certain actions were either undertaken or omit
ted. They could explain why certain activities could
appear to be a permit violation, but should not neces
sarily be perceived as a violation or cited as a violation.
The third party inspectors saw what happened during
a rainstorm and what attempts the contractors were
making to control erosion. For example, the third party
inspectors would be aware that, while it might not
have rained in Portland that day, there was a thun
derstorm in Saco (a town 15 miles away). They would
know that this thunderstorm in Saco was the reason for
the phone calls the MDEP project manager in Portland
was receiving from concerned citizens in Saco about
brown streams adjacent to the pipeline construction.
The third party inspector would know whether or not,
during the thunderstorm, all appropriate erosion con
trol was in place and nothing else could be done, given
the nature of the disturbed soils, the amount of rainfall
and the flashiness of the streams. This type of expla
nation, given to the MDEP, by their inspectors went a
long way in determining what action the MDEP took
both immediately and in the future.
Although the pipeline companies and the contrac
tors received the same standard reports that the MDEP
received, the third party inspectors were able to sup
ply the MDEP with specialized report documenta
tion of permit violations, when requested, including
photo documentation. When regulators are pursuing
enforcement action, photo documentation can be even
more helpful than written documentation. The MDEP
required the third party inspectors to maintain photo
documentation of daily activities and was able to make
use of this photo documentation when discussing com
pliance issues with the pipeline companies. A picture
is truly worth a thousand words when there are con
flicting opinions and lack of first-hand knowledge on
the MDEP's part.
In the ideal situation, the third party inspector and
the environmental inspectors (El) hired by the pipeline
company work together as a team. This was the gen
eral situation that occurred during the construction of
the Eastern pipeline project and it was very beneficial
for everyone involved. It was also the situation at the
beginning of the Western pipeline project. Because of
the numerous problems on that project, a more adver
sarial relationship evolved over time between some of
the El, contractor personnel and the third party inspec
tors on the Western pipeline project. The third party
program remained very valuable to the MDEP during
the entire course of the Western pipeline project even
with this adversarial relationship, but it was proba
bly of less value to the Western Pipeline Company,
or at least their contractors. Having this adversarial
relationship also required the MDEP project manager
to serve as a mediator between the Western Pipeline
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Company, the El and the contractors and the third
party inspectors in certain instances.
During construction of the pipeline projects, the
third party inspectors participated in daily meetings
with the El and contractors. They served as another
set of eyes for the El who could not be everywhere
and who had other responsibilities that were not
as strictly tied to the permit conditions. The third
party inspectors quite frequently notified the El of
developing situations that needed to be addressed
before they turned into permit violations.
Since the MDEP allowed the third party inspectors
to grant variances for certain specific activities, e.g.,
changing a stream crossing method from a dry flume
crossing to a dam and pump based on site specific con
ditions at the time of the crossing, they could actually
reduce the El workload by signing the required forms
on the spot and being the one to notify the MDEP
of the change. The third party inspectors could help
the El and the contractors interpret permit conditions,
and were readily accessible as opposed to the MDEP
project manager who was more difficult to reach in a
timely manner. With the third party inspectors in the
field, construction was seldom slowed while waiting
for variance approvals.
Although both the pipeline companies provided a
toll-free telephone hotline number for landowners and
the public to call, the Maine public was aware that
the MDEP was responsible for protecting the state's
natural resources and certain landowner rights as they
related to the pipeline projects. During the permitting
process, the public expressed many concerns about
the pipeline construction, and in general seemed to
be reassured by the implementation of the third party
inspection program. They clearly liked the idea of
having full-time inspectors representing the MDEP
who would oversee the daily pipeline construction
activities.
The third party inspectors were frequently called
upon to respond to specific landowner and/or public
concerns. They visited the affected property, explained
the construction process and what was permitted, and
contacted the El and the pipeline companies to ensure
that appropriate action was taken, if necessary. They
reported these activities to the MDEP and followed up
as needed. Every indication the MDEP has received
points to the third party program being very well
received by the public and individual landowners.

CONCLUSION

For all the reasons outlined above, the MDEP found
the third party inspection program to be of immeasur
able value during the construction of the two natural
gas pipeline projects. For many of the reasons outlined
above, some tangible and some not, MDEP also be
lieves that the third party inspection program was of
great value to the two pipeline companies.
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T h e Im p lem en tatio n of an E nvironm ental
M an a g e m e n t S ystem for D istribution
P ip elin e C o n stru ctio n

Mario Buszynski

Most natural gas distribution pipelines are constructed in public rights-of-way such as road
allowances. A common perception is that these rights-of-way have previously been disturbed
and therefore construction will have minimal effect on the social and natural environment
of these areas. In fact, there is a potential for significant impacts to the natural and social
environment through possible erosion and sedimentation of watercourses, slope stability, damage
to specimen trees, property damage and other issues. This paper describes the development
and implementation of an Environmental Management System for pipeline projects by using the
Orangeville Reinforcement Pipeline as a case study. It begins with a review of the environmental
commitments made during the approval process and the mechanisms to ensure that these
commitments are carried through the construction phase. A description of the pre-construction
environmental activities is presented to illustrate the method by which environmental impacts
are anticipated and remediated. The documentation and record keeping process is described
and examples given to illustrate why this is a vital part of the management system. Examples
are provided to illustrate how unanticipated environmental incidents are managed. Project
completion activities are discussed, including recommendations for improvement and post
construction environmental monitoring studies.
Keywords: Environmental Management Systems, Orangeville reinforcement pipeline, audit, risk

INTRODUCTION

From the International Standard for Environmental
Management Systems we learn that the rationale for
a corporation developing an Environmental Manage
ment System ("EMS") relates to the improvement of
the quality of the environment and protecting hu
man health. Corporations are increasingly developing
their EMS in response to internal and external stim
uli. These stimuli may be both political and economic.
A corporate commitment to a systematic approach and
continual improvement is necessary to ensure the suc
cess of an EMS.
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The Orangeville Reinforcement Pipeline construc
tion program undertaken by Enbridge Consumers Gas
is an example of how an EMS can be designed for
an individual activity that can effectively contribute to
the corporation's overall EMS. The key principles in
volved in this program include:
- high corporate commitment;
- communication with internal and external parties;
- clear assignment of accoimtability and responsibil
ity;
- adherence to legislative aspects;
- ongoing environmental plarming throughout the
project;
- target setting for performance;
- appropriate resources and training on an ongoing
basis to achieve targets;
- external audit of the process to identify opportuni
ties for improvement; and
- encourage of contractors to establish an EMS.
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The Orangeville Reinforcement Pipeline Project re
ceived approval from the Ontario Energy Board in
July 1996. The 44 km NPS8 (8 inch diameter) extra
high pressure steel distribution main originated from
the Bond Head Gate Station in the Town of Bradford,
West Gwillimbury, located north of the town of Or
angeville in the County of Dufferin. Figure 1 provides
both regional and detailed locations. Construction of
the pipeline occurred during the months of August
through November, 1996. The pipeline was located en
tirely within municipal road rights-of-way.
Roadside construction tends to have different im
pacts than cross-country construction. It would be
inaccurate to characterize roadside construction as
having little impact. Furthermore, since the local distri
bution company ("LDC") relies on adjacent residents
and communities "hooking up" to the pipeline, it is
imperative that these people are satisfied with the
construction program and that the LDC is a "good
neighbour".

CORPORATE COMMITMENT

Enbridge Consumers Gas has a high corporate com
mitment to environmental management. This com
mitment is reflected in their corporate environmental
policy and in the environmental management that they
use with respect to pipeline construction. The pipeline
right-of-way is restored to "at least as good" condition
as was found before construction and in some cases it
is left in a better condition. In addition to natural en
vironment considerations, social impacts are given a
high regard and actions to avoid or mitigate these im
pacts are implemented as part of the pipeline EMS.
Prior to commencement of the construction project,
a risk assessment is conducted to determine environ
mental issues. The results of this risk assessment are
used to develop an audit protocol which will be dis
cussed in the audit section of this paper.

CLEAR ASSIGNMENT OF RESPONSIBILITY AND
ACCOUNTABILITY

On a project such as the Orangeville Reinforcement,
company policy as well as regulatory requirements
dictate that the responsibility for environmental man
agement is assigned to an individual or individuals.
Under the control of the Environmental Affairs Depart
ment, a third-party independent inspection company
was retained to provide environmental inspection ser
vices. The duties of the environmental inspector were
outlined in the scope of work as follows:
- provide day-to-day advice to the Project Manager,
Construction Supervisor, and all construction per
sonnel regarding compliance with environmental
legislation, regulations and industry standards;

- provide advice regarding adherence to environmen
tal specifications and commitments made in the
previously mentioned documents and to regulatory
agencies, including the Ontario Energy Board;
- provide advice on erosion protection measures to
be taken in sensitive environmental areas along the
pipeline route;
- act as liaison with environmental regulators, govern
ment agencies and interest groups;
- provide advice to the Project Manager to help re
solve any identified landowner concerns and when
required, maintain a log of those concerns, and the
method of resolution;
- through appropriate noise and vibration level mon
itoring, ensure construction noise and vibration lev
els are within regulatory limits;
- provide immediate advice regarding spill preven
tion and contingency;
- ensure proper waste disposal of any hazardous
construction wastes;
- ensure appropriate field documentation of environ
mental issues and their resolution;
- prepare a post-construction monitoring report; and
- review all agency correspondence and monitor agen
cy conditions.

COMMUNICATION WITH INTERNAL AND EXTERNAL
PARTIES

Constant communication between all members of the
project was facilitated by the use of cellular phones
and pagers. A "Contact List" containing the names
and telephone numbers of all personnel involved with
the project was distributed. This list included contacts
at all regulatory agencies, government ministries, and
the Tecumseth Arbor Committee. In addition, a listing
of Emergency Response telephone numbers was also
distributed to all personnel.
Contact with the general public was maintained on
an ongoing basis. Notice of construction was provided
to all landowners adjacent to the construction area
and follow-up meetings provided information and ad
dressed concerns. A "Contact Documentation" form
(Fig. 2) was used to record all meetings and inter
views with landowners or concerned parties along the
pipeline route. These forms were completed, photo
copies and distributed to all members of the manage
ment team so that everyone would be aware of issues
and commitments made on behalf of the company.
Environmental inspectors recorded daily construc
tion activities and related environmental concerns in a
"Daily Field Report" (Fig. 3). This report documented
the area of construction activity, equipment used, per
sonnel involved in the activity, as well as the results
of environmental inspection, monitoring, and testing.
Included in the report were details of any verbal or
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written instructions issued to construction personnel,
as well as a description of their follow-up efforts.
In addition to daily logs, weekly "Evaluation of
Environmental Measures Taken at Water Crossings"
reports were also completed and submitted to the
Project Coordinator. These reports outlined environ
mental mitigation measures taken at all 45 watercourse
crossings along the route. Areas in which restoration
activities were unacceptable were noted, as were rec
ommendations and actions which should be taken.
These reports were then photocopied and distributed
to the contractor for action.
Periodic summaries of environmental deficiencies
were provided to all management team members.
Areas requiring further cleanup and restoration were
closely monitored until mitigation was completed.
These lists were prepared primarily in the later stages
of the project to cover multiple areas. All deficiencies

were attended to by the contractor after receipt of the
lists.

ADHERENCE TO LEGISLATIVE ASPECTS

A number of conditions were placed on the company
by the Ontario Energy Board. These conditions were
adhered to and reported upon, before, during, and
after the construction program.
There are numerous permits required in order to
allow construction to commence. Examples include:
water crossing permits; archaeological clearances; mu
nicipal road crossing permits; and permits to take and
discharge water, to name a few. Since these permits
take time to obtain, they were acquired early in the
process. Permit conditions were closely followed.
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Fig. 3. Environmental inspection report form.

ONGOING ENVIRONMENTAL PLANNING THROUGHOUT
THE PROJECT

Item 4
Prior to the commencement of construction, environ
mentally sensitive areas were identified and recom
mendations made as to how they should be man
aged. General issues such as a wet soil shutdown
policy were developed specifically for this project. The
company's environmental management manual was
reviewed and closely followed. An environmental im
plementation plan was developed and consisted of the
following items:
Item 1 Pre-construction meeting involving Consum
ers Gas Inspectors and Contractor Supervi
sors.
Item 2 Meeting with Contractor Operators to discuss
environmental issues.
Item 3 Construction Drawings to all Inspectors in
cluding copies of permit drawings (creek
crossing — bore, flume & open cut, C.P.R.,

Item 5
Item 6
Item 7
Item 8
Item 9
Item 10

Item 11

T.C.P.L.). Specific permit requirements — no
tification times.
Permit summary issues to Inspector and Con
tractor. Copies of permits to all inspectors.
Copy of mitigation recommendations to In
spectors.
Wet weather shut down procedure issued to
Inspectors and Contractor.
Bore requirements marked on drawings.
Creek crossings numbered on drawings and
staked an numbered in the field.
Specimen trees flagged in field.
Review of route with Municipal and other
local authorities (Arbor Committee) to discuss
construction impact and mitigation (i.e., spoil
placement, trees, creeks, bore areas).
Review route with Contractor, Environmental
Consultant and Inspector to discuss specific
requirements.
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Item 12 Environmental Inspection reports submitted
daily, reviewed and copies issued to Contrac
tor and Inspectors.
Item 13 Public Relations Inspector to make customer
contact prior to construction and to relay
specific customer concerns to Inspector and
Contractor.
Item 14 Archaeologist on site during construction at
Highways 88 & 27.
Item 15 Baseline noise and vibration monitoring on
site.
Item 16 Test for hydrocarbon contamination prior to
construction at site identified in the Environ
mental Assessment.
Item 17 Weekly review of sediment control by Envi
ronmental Consultant — issued to Contractor.
Item 18 Weekly meeting with Inspectors and Contract
Supervisors.
During construction, activities in environmentally
sensitive areas were closely monitored and the contrac
tor was directed as to how to avoid or mitigate any
serious impacts.
Once the project was completed, ongoing environ
mental monitoring of the pipeline right-of-way was
carried out for two years after which time all impacts
had been remediated.

TARGET SETTING FOR PERFORMANCE

Targets were established for environmental perfor
mance. Examples include:
- Watercourse Crossings — no erosion of banks and
sedimentation
- Slopes — no erosion
- Vegetation — no damage to tree trunks, minimal
root damage, restore cover crop as soon as possible
- Heritage Resources — no impact to heritage and
archaeological resources
- Noise and Vibration — no damage to buildings,
adhere to municipal noise by-laws
- Wells — no affect to water quality
- Contaminated Sites — clean up so pipeline is not
affected
- Agricultural Land — avoid compaction and rutting
- Spills — avoid spills or if unavoidable, ensure rapid
containment and clean-up.
Performance in meeting these targets was moni
tored on an ongoing basis through the daily reports
and the project construction inspection report.

UNANTICIPATED ENVIRONMENTAL INCIDENTS

Even with all appropriate environmental mitigation in
effect, it is possible that an environmental incident may
occur. A true test of an effective EMS is to measure the
length of time within which an appropriate response to

Fig. 4. Roadside directional drill showing sump pit for drill mud.

the incident occurs. A rapid response and remediation
is the sign of an effective EMS.
Two types of unanticipated incidents occurred on
the Orangeville reinforcement project. The first had
to do with a hydraulic hose rupture in a directional
drill machine. Contractor equipment was previously
inspected for leaks and worn materials. It was not
possible to detect the hose rupture, however, the
spill of hydraulic fluid was rapidly contained by the
contractor who had a spill kit present. Spill Kits were
present on site at all times in various vehicles and with
most of the machines present.
Directional drills were used extensively on this
project to drill under watercourses, roadways, and
specimen trees. The bentonite clay used as a lubricant
and to firm up the hole drilled is pumped out under
pressure. Fig. 4 illustrates a drill in operation with a pit
to contain excess bentonite.
Occasionally bentonite finds its way to the surface
in the form of a frac-out. When this occurs in or adja
cent to a watercourse it has the potential of harming
fish or fish habitat. When any watercourse was being
directionally drilled, the environmental inspector was
present to ensure that if an in-water frac-out occurred,
the drill was stopped and the bentonite contained and
subsequently removed. Fig. 5 shows an in-stream ben
tonite frac-out that was contained and remediated.

RESOURCES AND TRAINING TO ACHIEVE TARGETS

A pre-construction meetings was held with contractor
staff to provide them with an understanding of the
environmental performance that they were expected to
provide. Included in this discussion were health and
safety issues.
On-site training of contractor staff (foremen and
equipment operators) occurred on an ongoing basis.
Environmental Inspectors demonstrated the proper in
stallation of silt fences for use at erosion-sensitive areas
and at all water crossings. Other training included tree
and vegetation management.
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Fig. 5. Instream containment of bentonite fracout.

Environmental Inspectors marked specimen trees
with caution tape to indicate bore locations, and moni
tored prurting of branches and root cutting procedures.
The practice of digging a sump pit to contain bentonite
from bore machines was developed and enforced at all
bore locations. All watercourse crossings were staked
by environmental staff to make identification easy for
the construction forces. Erosion control and bentonite
containment measures were set up under environ
mental direction prior to construction activities at all
watercourse crossings.
Since contractors tend to rotate staff on various
distribution projects, ongoing training was required as
new staff came to the job site.

EXTERNAL AUDIT

Risk identification was based upon a review of the 1996
Corporate risk assessment Report, 1996 Environmental
Issues and Compliance Report, and a review of the en
vironmental terms and conditions attached during the
process of obtaining Ontario Energy Board, provincial,
municipal, and third party approvals. Significant find
ings identified in previous environmental construction
audit reports were also reviewed.
As a result, the following possible risk areas were
identified and were addressed by the environmental
audit of the pipeline construction project:
1. Project management may be insufficient to address
environmental issues and concerns associated with
pipeline construction, habitat protection, and rightof-way restoration activities. Project management
may not have identified the existence of a potential
environmental risk that could have a negative im
pact on the Company's image.
2. Project management may fail to obtain, or provide
the timely acquisition of, required provincial, mu
nicipal or third party permits and approvals which
could result in penalties and/or fines to the Com
pany.
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3. Inadequate communication, implementation, and
monitoring of environmental terms and conditions
attached to permits and approvals may result in
environmental damage arising out of pipeline con
struction or restoration activities.
4. Untimely access to established emergency response
systems for contaminated soils, spills, and natural
gas releases may result in non-compliance with
government regulations. A lack of appropriate on
site hazardous waste management procedures, sed
iment control, habitat protection, waste water man
agement, and control of air emissions may also
result in non-compliance with government regula
tions.
The risk assessment was used to determine the
scope of the environmental audit. The scope included:
- a review of the project's Environmental Manage
ment System (EMS);
- verification through sampling that required permits
and approvals were obtained;
- an examination of the process by which the project's
environmental/socio-economic terms and condi
tions were identified, communicated, and moni
tored. Verification through sampling of the imple
mentation of terms and conditions contained in the
following documents:
- the project's Route Selection and Environmental
and Socio-Economic Impact Assessment Report as
approved by the OEB,
- required provincial and municipal approvals,
- third party approvals such as Ontario Hydro and
CNR/CPR requirements;
- a review of the construction and restoration activi
ties related to the significant findings identified in
previous construction audits such as environmental
inspection, hydrostatic testing, and sediment control
measures;
- a review of the hazardous waste management sys
tem, emergency response plans for spills, contami
nated soils, construction waste water management,
habitat protection, and control of air emissions such
as noise and dust; and
- verification that a procedure to identify, resolve,
and document public concerns associated with the
project is established.
The objectives of the audit were to:
- identify areas of known or potential environmental
risk so that action can be taken to minimize the risk
of exposure to the Company in case of an incident;
- assess project management's awareness of environ
mental laws and their responsibilities under that
legal framework;
- ensure that the company was complying with exist
ing environmental practices and procedures with re
gards to the most significant requirements of known
federal, provincial, and municipal environmental
legislation, regulation, and standards; and
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- ensure that construction procedures implemented
address the environmental terms and conditions
stipulated during the approval process and the
findings identified in previous consfruction audits,
and evaluate these procedures accordingly.
The results of the audit were to be reported to senior
management only if there were significant issues such
as:
- significant findings that pose unacceptable risk, such
as non-compliance with legislation or corporate poli
cies and procedures, were identified;
- any findings related to specific issues where client
management did not implement the agreed upon
action identified during previous audits;
- any findings identified where there was a disagree
ment with client management over the degree of
significance or the feasibility of proposed recom
mendations; or
- a significant number of insignificant findings were
identified in a variety of audited areas.

EMS, a company needs to have a high corporate com
mitment to the environment. There must be a clear
assignment of accountability and responsibility for en
vironmental matters during all phases of the construc
tion project. The environmental coordinator for the
project must be clear on the targets that have been set
and be able to make a clear determination on how they
have been met. Internal and external communications
have to be extensive to ensure that all stakeholders
are aware of what the issues are, who is responsible
for resolving them and when they have been resolved.
Environmental training should be administered on a
continuous basis throughout the project. An indepen
dent audit of the EMS should be carried out to deter
mine if it is meeting its objectives. Recommendations
for improvement should be made to ensure continu
ous improvement. The end result of the process should
be that natural and social impacts are avoided and all
those involved develop a greater appreciation for good
environmental management. Hopefully, this will result
in others developing an EMS for their activities.

CONTRACTOR EMS

Gas distribution projects that are undertaken by pipe
line contractors are increasingly becoming self-regu
lated. In order for contractors to be able to successfully
bid for these projects they have to demonstrate that
they have an EMS in place. As a result of the Or
angeville Reinforcement Pipeline Project and a number
of ofhers we were able to develop an environmental
code of pracfice for two pipeline contractors.

SUMMARY

The Orangeville Reinforcement illustrates how an EMS
can be successfully applied to a pipeline construc
tion project. The lessons learned from this project
are directly transferable to other pipeline construction
projects. In order to implement a successful pipeline
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Managing the Variance Process — Evaluation of
Strategies Utilized on Two Major Pipeline Projects
Stephen Craycroft, Gus McLachlan, and Mike Tyrrell

Designing, planning, permitting, and constructing large-scale linear construction projects poses
tremendous challenges with identifying every conhngency or detail for regulatory consideration
and approval. As a result, no matter how well the project is planned and designed, minor
amendments to project specifications to meet site-specific conditions and project needs, and
approval of additional access roads and extra workspaces are often needed quickly during
construction to facilitate construction progress, and to minimize resource impacts. An effective
variance process provides the mechanism for obtaining rapid approvals for minor project changes
during project construction. This paper evaluates the variance processes utilizeci on two largescale construction projects in the natural gas pipeline industry. The Maritimes & Northeast
Phase II Pipeline Project (Maritimes) and the TransColorado Gas Transmission Project, Phase II
(TransColorado) developed and implemented effective strategies for managing variances during
the projects. A summary of effective components of variance processes and strategies is provided
as a guide for future projects.
Keywords: Maritimes, compliance, inspection, TransColorado, constructability

INTRODUCTION

Designing, planning, and permitting oil, gas, and elec
tric transmission projects poses tremendous challenges
with developing environmental permits and plans that
accurately identify resource protection measures and
workspace needs for large-scale projects. Given the
complexity of these projects and the immense vari
ety of site-specific situations encountered in the field,
standardized details and plans often cannot identify
the full range of conditions and situations encountered
during construction. Similarly, engineers and project
designers carmot think of every approach the contrac
tor would implement on the ground during construc
tion.
For projects that are constructed in the United
States, the environmental impact assessment and per
mitting process requires that the project — and project
impacts — be clearly and specifically defined. Any
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change outside the specifically permitted project (in
cluding extra workspaces, access roads, and modifi
cation of mitigation measures or construction tech
niques) generally requires regulatory approval before
the change is implemented. For these reasons and to
meet site-specific conditions, minor amendments to
project specifications or approval of additional access
roads and extra workspaces are often needed quickly
during construction to facilitate construction progress,
and to minimize resource impacts. Over the past 10
years the variance processes on major pipeline projects
have evolved to develop efficient and effective mech
anisms for obtaining variances to project requirements
during construction.
This paper evaluates the variance processes imple
mented on two recent large-scale natural gas pipeline
construction projects. An overview of each project is
given, followed by a discussion of the variance process
implemented on each project. Characteristics of each
project that contributed to effective information man
agement and rapid regulatory approvals of variances
are identified and discussed. Specific guidelines for
developing and implementing effective variance man
agement procedures on complex projects concludes
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this paper and provides readers with a model to apply
on their own projects.

PROJECT OVERVIEWS
Maritimes & Northeast Pipeline Project

In 1995, Maritimes & Northeast Pipeline, L.L.C. began
to develop plans to construct a natural gas pipeline in
the northeastern United States and eastern Canada that
would bring a new source of natural gas to the North
American grid, and connect natural gas customers in
New England with the Sable Offshore Energy Project
off the coast of Nova Scotia, Canada. The United States
portion of this project (the Maritimes & Northeast
Phase II Pipeline Project) involved construction of
approximately 205 miles of 24- and 30-inch diameter
pipeline from Westbrook, Maine to Baileyville, Maine.
The project was broken up into three construction
spreads in Maine and was constructed in summer
1999.
The project was faced with many environmental
challenges, including those associated with permit
ting and constructing one of the first large diameter
natural gas pipelines in the state of Maine. In addi
tion, numerous sensitive environmental resources and
habitats were crossed by the project, including over
1700 wetlands and 325 sensitive streams, as well as
significant coldwater fisheries habitat for trout and
Atlantic salmon, waterfowl/wading birds, protected
freshwater mussels, bald eagles, protected dragonflies
and mayflies, sensitive plants, and numerous cultural
resource sites. The project was reviewed and/or reg
ulated by the Federal Energy Regulatory Commission
(FERC) and the Maine Department of Environmental
Protection (MDEP), as well as numerous other state,
federal, local, and tribal agencies.
In keeping with a strong corporate commitment to
the community and responsible construction practices,
Maritimes took a proactive approach to permitting,
planning, engineering, and designing the project, and
incorporated public and agency concerns into the de
sign and construction specifications. To communicate
environmental responsibilities and project procedures
to all project participants, Maritimes implemented a
comprehensive environmental training program that
was tailored to a number of different audiences, in
cluding project supervisory and management staff,
project contractors, and individual construction work
ers. In addition, the project implemented an aggressive
and effective field environmental compliance inspec
tion effort during construction and restoration.
The Maritimes Project was constructed under in
tense public and agency scrutiny. The MDEP retained
three full-time environmental monitors per spread
(nine total) during construction of the 205-mile project,
and one Field Services (MDEP enforcement) represen
tative to each spread. Importantly, the MDEP monitors

generally had previous experience with environmen
tal issues associated with construction projects, and
the lead MDEP monitors and Field Services repre
sentatives were given specific field variance approval
authority during the project. The parameters of this
field variance authority were negotiated during the
permitting process. The FERC also maintained a full
time presence on the project with two FERC monitors
per spread throughout construction. However, none of
the FERC monitors in the field were given variance
approval authority. A number of other federal (e.g.,
US Army Corps of Engineers) and state agencies (e.g..
Land Use Regulation Commission) had regulatory au
thority over the project and reviewed field compliance
intermittently throughout the project.
In addition, other environmental and tribal groups
(e.g., the Atlantic Salmon Federation, the Sheepscot
Valley Conservation Authority, and the Penobscot In
dian Nation) reviewed the right-of-way (ROW) in
a purely monitoring/oversight capacity during con
struction.
TransColorado

The TransColorado Gas Transmission Project, Phase
II included the construction of approximately 270
miles of 24- and 22-inch mainline pipeline from Do
lores County, Colorado to north of Bloomington, New
Mexico. The project was regulated by the US Bureau
of Land Management (BLM), the US Forest Service
(USFS), FERC, and a number of other federal and state
agencies. Key issues on the project included protection
of cultural and biological resources, protection of wa
ter quality, implementation of effective erosion control
measures, and restoration of high-elevation areas, in
cluding areas exceeding 10,000 feet in elevation. The
project was divided into four construction spreads,
with construction occurring on all four spreads simul
taneously.
The TransColorado Project submitted its original
FERC application in 1990, however, the project was
put on hold and work on final permitting for the
project was not re-initiated until 1997. During 1997
and early 1998, the environmental compliance man
agement team conducted a comprehensive field-based
constructability review of the pipeline alignment, pre
pared various environmental mitigation plans, con
ducted agency communications and negotiations, and
designed a comprehensive reclamation program.
During the 1998 construction season, TransColorado
implemented a thorough environmental inspection,
reclamation, and compliance management program
for the project. The environmental inspection effort (in
cluding 15 full-time on-site inspectors) was conducted
in coordination with on-site agency monitors from the
BLM, USFS, and FERC. In a somewhat unique, but
highly successful effort, the environmental inspectors
on the project represented both the land manage
ment and regulatory agencies, as well as the project
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proponent. This arrangement required increased com
munication and accountability of the environmental
inspection staff to the agencies. Components of the
environmental compliance management program in
cluded use of a computer-based inspection reporting
database that posted daily inspection reports on a
password-protected web site for project and agency
staff. The project also implemented a comprehensive
environmental training program that was tailored to
a number of different audiences, including project su
pervisory and management staff, the project contrac
tors, and individual construction workers. The open
reporting system and thorough training program re
sulted in an elevated level of comfort and trust be
tween the regulatory agencies and the project.
The BLM and USFS also had designated represen
tatives (with variance approval authority) in the field
essentially full-time during project construction. In ad
dition, the FERC conducted a monthly compliance
review of the project.

OVERVIEW OF THE PROJECTS’ VARIANCE
PROCESSES
Maritimes & Northeast Phase II Pipeline Project

The Maritimes Project took a proactive approach to
environmental compliance throughout the permitting,
planning, and construction phases of the project. The
project provided strong management and corporate
support for the project and for meeting environmental
commitments. This included meeting early with regu
lators and the community, building an effective public
relations effort into the process, and thoroughly in
corporating environmental requirements into the con
struction process (including appropriate language in
the contracts to ensure that the contractors provided
adequate cost-considerations for the environmental
mitigation requirements). Maritimes maintained a con
sistent project team from planning and permitting
through construction. As a result, the Maritimes team
understood agency concerns and permit requirements,
which led to a consistent effort during construction
of the project. Maritimes also implemented a strong
environmental and safety incentives program, which
recognized contractor and project staff for their efforts
in helping the project maintain compliance. These ap
proaches to environmental compliance contributed to
the project's successful completion. The sections below
address the variance efforts implemented before and
during construction.
Preconstruction variance review
Maritimes' environmental inspectors and construc
tion quality assurance staff conducted an in-depth
review of the project alignment sheets and existing
workspaces prior to construction in order to identify
and document all areas of the existing project where
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variances were required from the FERC and MDEP re
quirements. Since the Maritimes Project had over 1700
wetland crossings and over 325 stream crossings, the
majority of these variance requests represented areas
where extra workspace could not be set back the re
quired distance from streams and wetlands or where
the project alignment ran parallel with an adjacent
stream.
Additional variance requests were identified dur
ing a preconsfruction walkthrough conducted with
environmental inspectors and construction represen
tatives. These variances ranged from minor route re
alignments to avoid parallel streams, to changes in the
original stream or wetland crossing methods to better
address site-specific construction or environmental re
quirements. Numerous site-specific variance requests
or modifications were identified and submitted for
approval as a result of the preconstruction variance
and field "constructability" review. This detailed pre
construction review dramatically reduced the number
of variances that needed to be approved during con
struction. The effort built confidence with the agencies
that any remaining construction variances were truly
needed — and that unforeseeable changes needed
during construction were not just a result of poor plan
ning.
Construction variance process
Maritimes developed a well-defined written variance
procedure before the start of project construction. The
variance process and strategies for meeting agencies'
needs for complete variance requests, as well as the
project's need for rapid turn-around of variance ap
provals were discussed with the major agencies to
ensure that expectations were clearly established be
fore construction of the project began.
The variance process during construction involved
the contractor, construction managers and supervisors,
land agents, environmental inspectors and the state in
spectors in the field during construction, as well as the
Maritimes permit coordinator and construction and
environmental management staff as appropriate. To
ensure that all appropriate clearances were received
prior to submitting the variance request to the agen
cies, Maritimes utilized a simple variance form with
signature lines to document biological and cultural re
source clearances, landowner clearances, construction
and environmental concurrence, and various support
ing regulatory agency approvals. The form also pro
vided lines for state and federal agency approval (with
conditions, if necessary), and for a final project au
thorization once all appropriate regulatory approvals
were obtained.
The process was designed so that the contractor
or construction coordinator typically initiated vari
ance requests for extra workspaces or additional access
roads, while the LEI generally initiated variance re
quests for procedural changes (e.g., changes in stream
crossing methods).

886

S. Craycroft, G. McLachlan, and M. Tyrrell

One of the most important components of the vari
ance process was the internal review process. Each
variance request was carefully analyzed to determine
if the variance request (extra workspace, access road,
or construction method) was justifiable and necessary.
This review ensured that only the truly justified and
necessary variance requests would be forwarded to
the agencies for approval. On the Maritimes project,
the MDEP and EERC had somewhat different regula
tory authorities and resource protection requirements.
This internal quality assurance effort ensured that con
flicting requirements were adequately addressed in the
variance process. Three major levels of variances were
utilized during construction of the Maritimes Project.
Field variances
Minor changes were generally discussed in the field
with the MDEP monitor and the agreed upon con
struction method was implemented in the field. The
environmental inspector documented the field agree
ment on a field variance form, and provided a copy of
the agreement to the MDEP monitor. These minor vari
ances ranged from changes in erosion control measures
based on site-specific conditions, extending time limits
or restoration time frames for specific stream cross
ings, and certain stream crossing method changes. The
EERC Project Manager and field monitors were gener
ally copied on these minor field variance approvals.
Minor variances
Slightly more complex — but less than significant —
variances were discussed in the field with the MDEP
monitors and the lead MDEP monitor on the spread
would sign the variance form indicating field approval
of the change. The form with other appropriate signa
tures would then be faxed to the EERC Project Man
ager for review and approval. The turnaround time for
these variances was generally less than 24 h. In several
situations, the project permit coordinator or Environ
mental Manager would call the EERC Project Manager
to communicate the details of the variance request.
This procedure of faxing field variance forms to the
EERC project manager (and at times the MDEP Project
Manager) resulted in rapid approval of the majority
of variances submitted. Of approximately 97 variance
requests that went through this "fast-track" variance
approval process, 96 were approved by the EERC and
MDEP (most within 24 h). A key to the effectiveness
of this approach was providing backup documentation
of landowner approvals, resource clearances, and state
field approvals on the variance request form.
Many stream crossing methods were changed dur
ing the Maritimes Project based on stream flow con
ditions at the time the construction crews reached the
stream (e.g., changing from a flumed crossing to a dam
and pump crossing to take advantage of low stream
flow conditions). This approach reduced impacts to
the streams significantly and led to highly effective

stream crossing operations. At the outset of the project,
the EERC was faxed a copy of the field agreement
for approval for each of the stream crossing method
changes. Later in the project, a general variance was
approved by the EERC that provided approval for a
change in stream crossing methodology based on the
MDEP's field monitors concurrence. In these cases, the
EERC would be sent a copy of the variance form show
ing the state monitor's approval, but the project was
not required to wait for a subsequent EERC approval.
This agreement was implemented approximately mid
project, after the state and the EERC developed confi
dence in the project's environmental inspection teams,
the variance process, and in the project's continued
commitment to meeting the environmental protection
commitments.
Major variances
A limited number of more complex, potentially signif
icant changes were filed with the EERC in the normal
manner. These formal variance requests were gener
ally much more significant in scope and typically re
quired significant back-up documentation to support
the variance request. Eormal variance requests typi
cally required three days to two weeks for approval.
Examples of major variance requests include new stag
ing areas, new access roads, or extra workspace areas
located outside the previously surveyed corridor.
TransColorado

Constructability review
The TransColorado Gas Transmission Project, Phase II
was a complex project from the start. The project had
originally been routed and planned eight years ear
lier along an existing pipeline corridor for much of its
route, but had not been previously reviewed for con
struction complications, environmental constraints, or
extra workspace needs. In the summer of 1997, sev
eral teams, each composed of an environmental and
a construction representative, reviewed the ROW on
foot to evaluate the constructability of the route with
respect to environmental and construction constraints,
as well as to identify where extra workspace areas were
needed along the route.
This "constructability review" proved to be a criti
cal element in planning, final designing, and building
the project. The field review identified numerous small
route realignments that enabled the project to cross
streams or wetlands at an alternate location that would
have less impact, and many areas where a small mod
ification in the route alignment would significantly
reduce construction constraints and associated costs.
In addition, during this review, the TransColorado
construction and environmental representatives spent
a significant amount of time discussing the project
alignment and issues with the land management and
regulatory agencies to address agency site-specific con
cerns and issues. These considerations were then built
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into the final construction design, alignment, and spec
ifications.
The constructability review resulted in a project
alignment that was still difficult — given the terrain
and resource constraints — but one that was both
constructable and acceptable to the various resource
and land management agencies. As a result of this
process, one large variance package was submitted to
the agencies six months before construction to ensure
approvals well in advance of project construction.
TransColorado Construction Variance Process

The TransColorado Pipeline Project utilized a stream
lined construction variance process. The variance
process was clearly defined in a written Environmental
Compliance Management Plan that thoroughly de
scribed the roles and responsibilities of each group
involved with the variances. Under this program, vari
ance requests were initially identified in the field by
the contractor. Construction Manager, or Lead Envi
ronmental Inspector. Signatures were obtained in the
field from construction, environmental, land agents,
and as appropriate, the land management agencies.
This process ensured that the variances were discussed
thoroughly in the field before they were submitted to
the project office for review. Importantly, when vari
ance requests were submitted to the project office, the
Environmental Compliance Field Supervisor and Con
struction Manager evaluated each variance request
carefully to ensure that the variance request was rea
sonable, justified, and complete. This internal quality
assurance effort ensured that only complete applica
tions were submitted to the FERC and other agencies
for consideration, which resulted in more rapid review
from regulatory agencies.
Similar to the Maritimes Project, the TransColorado
Project utilized three general levels of variances. Since
the majority of the TransColorado Project was con
structed on federal BLM or USES lands, the designated
representatives for the BLM or USES could approve
the majority of minor changes in the field during con
struction. The same strategies that were implemented
on the Maritimes Project (and numerous other re
cent large-scale projects across the United States) were
initially developed on the TransColorado Project. It
was clear during the TransColorado Project that the
key to obtaining rapid regulatory approval for field
variances was to provide complete, justifiable, and
well-supported variance requests to the regulatory
agencies. For the TransColorado Project, regulatory
authorizations for minor and less than significant vari
ances were obtained on the same day or within 24 h of
the request, while potentially significant changes were
generally approved (or denied) within three days to
two weeks.
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KEY COMPONENTS OF SUCCESSFUL VARIANCE
PROCESSES

1. Conduct a field constructability review: Conduct
ing a field constructability walk-over with envi
ronmental and construction representatives who
understand construction requirements and capabili
ties, as well as environmental constraints and issues
has been shown to be one of the most valuable
efforts contributing to a smooth-functioning and
successful project. The constructability review pro
vides a final check on the route alignment, helps
to identify difficult construction or environmental
compliance concerns, and helps to identify any vari
ances that may be needed — before the contractor
gets on the ground and everyone gets busy — and
changes become expensive to the project. This con
structability review also provides final preconstruc
tion variance information that can be submitted
to the agencies for approval before the contractor
starts construction.
The qualifications of the staff conducting this
field review are critical to the success of this ef
fort. Ideal staff for this effort includes environmen
tal inspectors who have significant experience with
construction issues and environmental restrictions,
soil characteristics, erosion control needs, and sensi
tive resource protection requirements for the region.
Similarly, ideal construction representatives have
significant construction experience and an under
standing of environmental constraints and require
ments for construction of pipeline projects.
However, even with a thorough constructability
review, a number of additional variances will be
needed during construction of the project, due
to site-specific soil conditions, weather conditions,
stream flow levels at the time of construction, and
the contractor's approach to the work.
2. Develop and discuss the variance process before
construction: Discussing and developing agree
ments with the key regulatory agencies on the vari
ance process, well before construction, is key to a
successful variance process. Items to discuss with
agencies should include:
- the specific format for variance submittals;
- the surveys/approvals and supporting documen
tation needed to ensure a complete variance pack
age;
- the types of variances that can be approved in the
field, and those that require formal approval (i.e.,
establish different levels of variances);
- the expected turn-around time for approval of
complete variance requests; and
- documentation procedures for variances of vari
ous levels.
3. Develop a well-defined written variance proce
dure: A well-defined variance procedure provides
the map to guide the variance process during the
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project. This written variance proceciure also helps
to ensure that all project participants and regulatory
agencies develop similar and consistent expecta
tions on the types of variances that will be consid
ered, how variances will be handled and processed
during construction, and the time frames for review
and approval/denial of the variance requests.
4. Provide appropriate staffing to support the vari
ance process; Managing the variance and documen
tation efforts on a large-scale construction project
is a time-consuming task requiring significant at
tention to detail. A dedicated Permit Coordinator
is critical during construction to assemble complete
variance packages, ensure that appropriate surveys
and supporting information is included with each
submittal, track the status of variance approvals
and distribute the approved/denied variances. Un
fortunately, many projects put management of the
variance process on the shoulders of the Lead En
vironmental Inspectors. This approach reduces the
Lead Environmental Inspector's ability to manage
the field compliance inspection program — a situ
ation that may ultimately compromise the project's
compliance management efforts.
5. Review the variance requests internally before
submitting to agencies: An important step in the
variance process involves an internal review of the
variance request. The engineering and environmen
tal project management staff should always review
variance requests to ensure that they are justified
and reasonable before submitting the requests to
agencies. It is clear that some variances simply will
not be approved by regulatory agencies. In these sit
uations, it is far better to simply deny the variance
request in-house, rather than burden the resource
agencies with a review of a fatally flawed or impos
sible variance request. This internal review effort
helps to prevent overloading agencies with variance
requests and maintains the credibility of the project
and its variance program.
6. Implement effective variance tracking procedures:
Tracking the status of variance requests is a crit
ical element of an effective variance process. The
date the variance was submitted by the contractor,
the date the environmental review was initiated,
the date the variance request was submitted to the
agencies, and the date approval or denial of the vari
ance request was received should be documented
clearly. During the construction phase, operations
move quickly and requests for variances often need
short turn-around times in order to prove useful for
the project. In these situations, the tracking process
provides an invaluable tool to identify variances
that are delayed at some stage in the process and
for keeping the field staff up-to-date on the status
of each variance request. A simple database system
can assist with successfully tracking variances dur
ing preconstruction and construction periods.

On most major projects, multiple agencies are
required to review and approve variance requests.
Therefore, it is critical that one central person within
the project organization ensures that all of the
appropriate agencies have approved the variance
prior to releasing the approved variance to con
struction.
7. Effective Document Distribution System: An ef
fective document or approval distribution system
is critical to ensure smooth communication at the
field level. It is important that the spread Con
struction Supervisor and the Lead Environmental
Inspector receive notification regarding the status
of a variance at the same time to prevent inaccu
rate communications or miscommunications with
the contractor and inspection teams. A clear process
must be in place where communication of the final
project approval of a variance request comes from
the main project office, to prevent premature use
of an extra workspace area or modified procedure
where the project had not yet obtained approval
from all the necessary agencies.
8 . Provide appropriate training for the project team:
Large-scale construction projects move at a rapid
pace, requiring close and effective communications
and responsiveness. Prior to initiating construction,
a thorough training program should be provided on
all requirements, responsibilities, and the process
for approval of the variances.
CONCLUSION — MANAGING CHANGE

Variance processes continue to be an important com
ponent of a project's environmental compliance man
agement program. It is clear that even well-designed
large-scale projects require a number of field variances
during construction to address site-specific or weatherdriven conditions. Managing the variance process
effectively prior to and during project construction
requires clear organization, early planning and com
munication with regulatory agencies, an effective or
ganization for reviewing and processing variance re
quests from the field, appropriate manpower support
to manage and implement the variance process, and
an effective routing mechanism for communicating
approved variances to the field. Implementing an ef
fective variance process will contribute to the success
of the environmental compliance program and can be
a significant factor in facilitating project construction
and maintaining effective agency relationships.
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Electronic Reporting for Environmental Inspection
Melissa Pockar, Paul Anderson, Julie Myhre, and Elizabeth Dolezal

Electronic reporting for environmental inspection on natural gas pipeline construction programs
has been used in the past on projects such as the Tuscorora Gas Pipeline Project (McCullough,
1997), Electronic reporting provides for rapid information exchange and the development of
a search-capable database that documents environmental compliance. In addition, electronic
reporting systems allow field and management staff to direct construchon activity effectively
within and between construction spreads. An electronic Environmental Inspection Reporting
System (EIRS) was developed for use during the construction of the Alliance Pipeline System.
The Canadian version (CanEIRS®) and its US counterpart (USEIRS®) were developed to
document compliance with Certificate Terms and Conditions, Federal Regulations and Provincial
and State issued permit conditions, and to allow for efficient exchange of environmental
informahon. Key tools of the environmental construction management program have been
highlighted, including reporting forms, the Daily Inspection Newspapers, and construction
photographs. Environmental inspection reporting systems produced a daily "newspaper" that
provided both management and construction supervisory personnel on each spread with the
summary of the previous day's environmental inspection reports. These reports allowed the
construction management team to quickly respond to compliance issues, identify trends, and
keep informed on the day-to-day issues associated with this large construction project. The
electronic reporting of environmental inspection enabled a compliance database to be established.
The database provided for trend analysis and documentation of compliance and monitoring
as a tool for reclamation planning and environmental post-construction report compilation.
Through the use of the electronic reporting systems. Alliance was able to maintain a high level
of environmental compliance in three Canadian provinces (on nine mainline spreads and the
construction of the lateral system in Canada) and in four US states (on seven construction
spreads).
Keywords: Database, compliance, due diligence, environmental inspection

1. INTRODUCTION

The Alliance Pipeline system extends from northeast
ern British Columbia, Canada, to Chicago, IL, USA
(Fig. 1). The Canadian portion of the system consists
of:
- 339 km (211 miles) of 1067 mm (42-inch) and 1220 km
(758 miles) of 914 mm (36-inch) diameter steel pipe;
- 36 receipt points connecting with lateral pipelines
totaling about 698 km (434 miles), ranging in length

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
M a n a g e m e n t : S e v e n th In te r n a tio n a l S y m p o s iu m

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A, Guild (editors)
© 2002 Elsevier Science Ltd. All rights reserved.

from «i0.3-142 km (0.2-96 miles) and in diameter
114-610 mm (4-24 inch);
- 7 mainline compressor stations of 23-30 MW
(31,000-40,000 hp) each, spaced ~193 km (120 miles)
apart; and
- mainline block valves spaced about every 32 km
(20 miles).
The United States portion of the system consists of:
- 888 miles (1429 km) of 36-inch (914 mm) diameter
steel pipe;
- 7 compressor stations of about 31,000 hp (23 MW)
each, spaced about 120 miles (193 km) apart; and
- 7 mainline block valves spaced about every 20 miles
(32 km).
The Alliance Pipeline was subject to federal regula
tory approval processes in both Canada and the United
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Fig. 1. Alliance pipeline system.

States. In Canada, the process primarily involved the
National Energy Board (NEB) and the Canadian En
vironmental Assessment Agency (CEAA). In the US,
it primarily involved the Eederal Energy Regulatory
Commission (EERC). In both countries, consultation
was required to obtain local and regional approvals;
permits and approvals were acquired from numerous
agencies in three provinces and four states prior to con
struction.
One of the objectives of environmental inspection
was to ensure that all environmental mitigation mea
sures prescribed by Alliance and regulatory agencies
were implemented, and that work proceeded in com
pliance with environmental regulations and Alliance
Environmental Policy. In order to effectively manage
the environmental inspection activities associated with
a construction project of this magnitude, and to doc
ument compliance with NEB Certificate Terms and
Conditions (National Energy Board, 1998), EERC reg
ulations and provincial and state approvals, parallel
Canadian and US electronic Environmental Inspection
Reporting Systems (EIRS) were developed.
During peak mainline construction, the Canadian
Environmental Inspection Team consisted of 22 Envi
ronmental Inspectors (Els) working on six construction
spreads, and the US team was comprised of 28 Els
working on the construction of seven spreads. Lat
eral pipeline construction in Canada peaked during
the winter of 1999/2000 with the construction of 15 lat
erals. Lead Environmental Inspectors (LEIs) were des
ignated on each spread, and both the Canadian and the
US inspection programs were supervised by respec
tive Supervisors of Environmental Inspection (SEI).
The Alliance Environmental Policy and Environmen
tal Compliance Management Program objectives were
incorporated into the philosophy and design of the
Environmental Inspection Reporting System (EIRS);

however, the EIRS systems were modified to meet the
regulatory requirements for the inspection programs
on each side of the border. The two EIRSs have subsequentN been referred to as CanEIRS® (Canada) and
USEIRS® (US).
Traditionally, inspection data has been documented
and transferred by means of hand-written notes. The
EIRSs were designed to supplement inspection field
notes and allow for the submission of final daily re
ports electronically in a consistent format that expe
dited report preparation in the field and automated
the generation of the "Daily Inspection News." This
newspaper was circulated to senior level management,
construction offices, consultants, resource specialists
and other construction personnel electronically or by
fax the following morning. Els were expected to sub
mit electronic inspection reports by midnight of the
inspection date in order to provide the summary by
6:00 a.m. the following morning to construction per
sonnel. USEIRS^ Daily Inspection News included all
reports generated by the El Team for a particular day.
In contrast, the CanEIRS® Daily Inspection News con
sisted of only a "Daily Summary" report that was
generated by the Els as a synopsis of the days' ac
tivities in one report form, with a list of all activity
inspection report forms attached for additional refer
ence if required.
The inspection reports allowed Els to document rec
ommendations and actions taken on major decisions
such as wet-weather shut-down, procedures imple
mented in the case of unforeseen environmental is
sues, or conflicting permit requirements. Standardized
inspection reports provided an opportunity for docu
mentation of contacts with government agency repre
sentatives and other project stakeholders, and the out
comes of any consultations. Unresolved issues or items
identified for future follow-up could be recorded in

Electronic reporting for environmental inspection
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Fig. 2. EIRS Main Menu user interface.

a searchable database supported by keyword queries,
and fields were available for referencing pertinent pho
tos, videos, and sketches and for updating the status of
environmenfal commitments.

METHODOLOGY
Program design criteria

Through consultation between the database program
mers and Alliance environment personnel, the scope
of the Environmental Inspection Reporting Systems
and the desired data inputs and outputs from the pro
posed electronic programs were determined. Meetings
were conducted with Alliance Environmental staff to
incorporate the practical program attributes from a
management point of view, as well as from a user
(El) perspective. The EIRS tool contained practical
design elements that allowed for the creation and sub
mission of Daily Inspection Reports, the permanent
documentation and tracking of noncompliance events
and other incidents, and the generation of summary
documents for distribution to selected individuals and
regulatory agencies. Design parameters also enabled
the user to readily query and summarize the infor
mation contained in the database through data fields
such as "inspection date," "E l," "activity," "location"
or through keyword search results. Data fields for dig
ital photos and other sources of documentation were
incorporated to directly reference relevant materials to
the respective inspection reports.
Both CanEIRS® and USEIRS® were developed in
Microsoft Access® through the collaborative efforts
of Salmo Consulting Inc., E2 Environmental Alliance

Inc. and TERA Environmental Consultants (Alta.) Ltd.
(here-after referred to as the "Design Team"). The
EIRS programs were designed to be user friendly and
incorporated as many drop-down menus and help
messages as possible. Both Canadian and US systems
consisted of the same main menu user interface as
illustrated in Fig. 2. These menu options provided
access to the basic functions required by Alliance.
To allow for efficient updates to the EIRS pro
grams, the database was divided into two components:
a "front-end" (the program) that includes the database
program, reports and forms; and a "back-end" (the
data), that includes completed daily reports. Frontend updates were typically forwarded to the Els via
self-extracting email files, CD or disk. An import func
tion was developed for back-end updates of the El
databases from the Master Database in the event that
additional data provision to Els was required (for ex
ample, Non-Compliance reports from one Inspector
could be forwarded to another for follow-up inspec
tions and reporting). Back-end updates were designed
to not overwrite existing data.
Required fields within the reports were designated
with a red asterisk (*). A report could not be closed
or submitted without the entry of information in all
required fields. This requirement provided for a base
level of essential information in the activity reports (for
example, spread location and activity were required
data fields).
User levels

The EIRS programs were designed with four user and
security levels. The default "Admin" level allowed for
viewing of all records (daily reports) in the database.

894

M. Pockar, P. Anderson, J. Myhre, and E. Dolezal

and provided the ability to prepare summary reports,
such as the Daily Inspection Neivs.
The "Inspector" level allowed a pre-defined list
of authorized users (with pre-assigned passwords) to
generate and edit daily reports, export daily reports
and follow-up reports as they were prepared, view and
print summary reports, delete daily reports created
in error, and conduct searches within their databases.
Els maintained complete records of their individual
reports on personal computers, which were synchro
nized with a "Master Database" maintained by Data
base (DB) Managers in both Calgary, Alberta and in
Minneapolis, Minnesota on a daily basis. File export
processes were automated from the El computers to
the respective DB Managers networks over the tele
phone lines via modem. Once submitted, these reports
were used by the DB Managers to generate the Daily
Inspection News, inspection summaries, government
submissions and other summary or follow-up dafa as
required.
In order to provide security and to ensure unau
thorized individuals were not submitting reports, Els
were required to enter a pre-assigned user name and
password to prepare, edit, delete, or export daily re
ports. Els were able to edit daily reports for a period
of fwo days after which time the files automatically
converted into a read-only state. Daily reports of more
than one El could be retained on the same computer
in the same back-end. All users of fhe same compufer
could view and print copies of the daily reports stored
on the computer, but only an El could edit or delete his
or her own reports.
The DB Manager access level included the full
abilify fo generate, edit and delete daily reports, cre
ate summary reports, and conduct searches. The DB
Managers were responsible to ensure that the Daily
Inspection News was generated from the previous
day's inspection activities and distributed to the Su
pervisors of Environmental Inspection, construction
field offices, senior Alliance managemenf personnel,
resource specialisfs, and other consultants as required.
Copies of the original inspection reports and any refer
ence photographs or sketches were archived for future
reference. DB Managers were responsible for maintain
ing, updating, revising, and backing-up CanEIRS® and
USEIRS® in the respective Alliance offices, and for pro
viding program updafes fo fhe Els.
The "Administrator" level had full access to modify
the program code and design. This level was accessi
ble by members of the Design Team. Hardware and
software support for Canadian and US Inspectors was
provided primarily by the Information Services Group
at Alliance.
Training

A training program was implemented by the Design
Team for all Alliance environmental staff. Environ
mental Managers and SEIs were trained on the utility

of the EIRS as a search tool and how to effectively
manage the records to ensure documentation of environmenfal compliance. DB Managers were frained on
fhe sfrucfure of the program, how to generate pertinent
reports and summaries, conduct searches, and provide
technical software assistance to the Environmental In
spection teams.
EIRS training programs were conducted in the US
and in Canada for the respective inspection groups.
The training included a preliminary session on the
hardware and software associated with the imple
mentation of USEIRS® and CanEIRS®, as well as the
logistical requirements for exporting daily reports to
the DB Manager.
Follow-up surveys were conducted with the in
spectors from both Canada and the US for feedback
regarding the use of CanEIRS® and USEIRS®. The sur
veys were to encourage Els to provide suggestions for
improvements or additions to be incorporated into the
programs and the philosophies behind their imple
mentation.
CanEIRS® vs. USEIRS® — Design features

Minor differences in EIRS designs and philosophies
were incorporated into CanEIRS® and USEIRS® as
a result of the different regulatory requirements and
the variations in approaches to inspection between
the Canadian and US Environmental Inspectors. Ba
sic "activity-based reporting" objectives varied be
tween the US and Canada. The US Inspectors utilized
Libretto''' or small notebook computers and inspec
tion information was generally entered in the field as
the activities occurred. In contrast, the Canadian in
spectors preferred traditional laptop computers and
reports were prepared at the end of an inspection day.
Menus and features differed slightly between
CanEIRS® and USEIRS® due to requirements of the
respective inspection teams. For example, the blank re
ports available under the "Daily Reports" button on
the Main Menu (Fig. 2) of CanEIRS® include five addi
tional reports that were not required by the inspectors
in the US. These included "Wet Soils," "Equipment In
spection," "Extra Temporary Workspace," and "Water
course Crossing" reports (Fig. 3). These blank reports
were incorporated into CanEIRS® as a response to re
porting requirements in the NEB Certificate Terms and
Conditions applicable to the Canadian portion of the
project.
The "Daily Summary" report was also unique to the
Canadian version. The Daily Summary was utilized
to pare down information captured in detail in other
activity reports to the most significant issues of the
day. An "issues checklist" was available to quickly
denote noncompliance, incidents/emergencies, action
items, trends, variances, etc. for the reader (Fig. 4).
The completion of a Daily Summary report each day
was mandatory for the Canadian Inspection Team as
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this report was automatically incorporated into the
Canadian Daily Inspection News.
"General Inspection," "Incidents," "Noncompli
ance," and "Noncompliance (NCR) Follow-up" re
ports are common to both CanEIRS® and USEIRS®;
however, fields within these forms were further mod
ified with respect to the requirements of each of fhe
inspection teams.
The General Inspection reports were to be com
pleted for construction activities that were in compli

ance with all applicable legislation, specifications, and
policies. The "Acceptable Activity Report" (USEIRS®)
or "General Activity Inspection" (CanEIRS®) topics
were required fields available via drop down menus
that varied between CanEIRS® and USEIRS® (for ex
ample, USEIRS® contained a "Wetland Construction"
activity option that was not available in CanEIRS®).
CanEIRS® also contained sub-forms that enabled site
specific documentation of any variances to specifica
tions or any further recommendations or follow-up.
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Enter a desaiptKincf the mncotTvIiance event

Fig. 5. A follow-up reminder is displayed in a yellow box to the right of the "Noncompliance Level" field that relates to the compliance level
definitions pre-assigned by Alliance as guidance in submitting a Noncompliance Report.

These were not separate fields in the USEIRS^ activity
forms.
Incident reports were designed to document obser
vations for an unexpected event such as a spill or an
unanticipated discovery (endangered wildlife species,
cultural or heritage resources, etc.). The Incident report
event field was a required entry in both CanEIRS' and
U SE IR S', although the items available from the drop
down menus varied slightly between systems.
Els were required to complete a Noncompliance
Report (NCR) to document observations for a con
struction activity or incident that did not comply with
applicable legislation, specifications, or policies. Ba
sic information fields such "incident date," "contacts,"
and "recommendations" were available in both report
ing systems. Required fields in both CanEIRS'* and
USEIRS® included "activity," "spread," and "subject"
of the NCR. The level of noncompliance was identi
fied by selecting one of the three levels pre-defined
by Alliance. A yellow box to the right of this field
would display a follow-up reminder corresponding to
the chosen noncompliance level (Fig. 5) as a guide to
the El filing the NCR.
The Els were required to provide follow-up infor
mation regarding the status or resolution of a NCR
fhrough the NCR Follow-up Report. When a NCR
was classified as either moderate or serious (major) in
nature, the El completed a NCR Follow-up Report doc
umenting any action taken and identifying whether all
issues and recommendations associated with the NCR
had been resolved. NCR Follow-up reports could be
filed at the ETs discretion for NCRs categorized as mi
nor in nature. If a minor NCR issue had been resolved

onsite, the El had the option to check the box indicat
ing that "All NCR issues have been resolved" (Fig. 5)
within the NCR.
To track the status of a NCR, the NCR and Follow
up reports must be linked. Els established this link
during the creation of the Follow-up Report via selec
tion of the NCR "Subject" from a drop-down menu in
the report form. If fhe NCR "Subject" was not on the
list, or if the El was reporting on the NCR created by
another El, the Follow-up Report could subsequently
be linked by the DB Manager. NCR resolution and sta
tus were tracked through the NCR Follow-up feature
on the Main Menu (Fig. 2). Lists of all linked and un
linked NCRs and any corresponding NCR Follow-up
reports were provided through this window.
In CanEIRS®, a data field for entry of commit
ment numbers identified in the Canadian Environmen
tal Commitments Database (CanCommit®) was also
available. This facilitated the communication of the
status of commitments made by Alliance to various
regulatory agencies and other stakeholder groups dur
ing the regulatory and approval phases of the project
to the DB Manager to be recorded.

RESULTS

Environmental Inspection activities for the Alliance
Project were first initiated in Canada during the pre
clearing program of Winter 1999. Four Els mobilized
for clearing activities in northwestern Alberta and
utilized the initial version of CanEIRS® as a report
ing tool. From this test phase, various front-end re
finements were incorporated into CanEIRS® prior to
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full construction kick-off scheduled for June 1999 in
Canada, and program adaptations were also com
pleted for the creation of the USEIRS® version for June
1999 construction kick-off.
Activity inspection reports were generally fewer
in number per individual in Canada, and tended to
contain more detailed written explanations than those
submitted by the US Inspectors. As of the end of
July 2000, over 27,000 individual activity reports were
submitted by US inspectors. During the same period,
approximately 13,000 reports were submitted by the
Canadian Inspectors.
Survey results received from the Canadian inspec
tors indicated that the mandatory submission of the
Daily Summary reports for the Daily Inspection News
was redundant with the submission of the General
Activity Inspection reports. However, the Daily In
spection News generated on the Canadian side was
typically less than half as long as the US Daily Inspec
tion News, which was typically in excess of 40 pages
per day.
Some of the General Activity Inspection reports
were not utilized by the inspectors as they were
intended for various reasons. For example, the Extra
Temporary Workspace form in CanEIRS® was not
widely utilized due to the unexpected volume of work
associated with the workspace applications as a result
of NEB requirements specified in Alliance's Certificate
Terms and Conditions. The information volume in the
optional fields was not consistent between inspectors.
This limited querying abilities of the database in both
the US and Canadian versions.
Additional information "Reference" fields (includ
ing photographs, videos, sketches) were not consis
tently utilized. The time requirements for re-labeling
the default digital photo names and logging of digital
photographs on a daily basis impeded this process to
some extent. Els tended to gather large volumes of dig
ital photos and label them all at once, rather than on a
daily basis which would allow for proper referencing
in their daily reports.
As the electronic reporting system was a relatively
new concept to many of the inspectors, some ini
tial resistance was encountered as they were learning
the program. However, the majority of the user is
sues were hardware related, and not EIRS software
related. El time requirements for reporting decreased
markedly with system usage.
The master databases served as excellent search
tools for the DB Managers and other environmental
staff. Summary documents were easily generated from
the systems for purposes of regulatory reporting, com
pliance monitoring, and follow-up documentation for
due diligence purposes. Front-end changes were ap
plied for report-generating features as both internal
(Alliance) and external regulatory and stakeholder in
formation requirements became standardized.
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DISCUSSION

As construction progressed, refinements to the EIRS
systems could be implemented relative to experience
gained at the field level, as well as the data manage
ment level. However, front-end revision installation
and set-up at the field level were sometimes compli
cated due to the varied computer knowledge levels
of the users. Often front-end updates would result
in software glitches that affected the transmission of
the reports to the DB Manager. This could have been
avoided by assigning someone with both software and
hardware knowledge to install the front-end updates
in the field and trouble-shoot any unique glitches that
may arise on the Els' computers. A more advanced
level of training and familiarity with the EIRS soft
ware for the computer support personnel outside of
the Environment group would have been beneficial to
all program users.
Els also experienced problems associated with data
transfer from internet connections in remote areas,
which would prolong the time requirements for ex
porting their reports. This long period of time inter
rupted by frequent disconnection from the phone lines
was the primary source of frustration with the use of
CanEIRS® and USEIRS® for the Els.
Remote access issues also affected the transfer of
digital photos on a regular basis. Plans for the con
struction trailers to have Alliance network access were
not realized in time to benefit the Environmental In
spectors. As digital photo files were too large to trans
port via remote internet connections, many Els chose
to catalogue their photos onsite and send them in
batches via "zip" disks. Pertinent photos were still dis
tributed via email; however, typical photos were not
forwarded on a daily basis as originally expected dur
ing the design of the EIRS. Electronic labeling and
cataloguing of the digital photos proved to be an oner
ous task for many Els. This again can be related to the
individual computer skill sets. Labeling of photos was
not always completed at the time of the relative in
spection report; therefore this reference field was not
consistently utilized.
The US inspectors opted to use the Libretto^'' note
book computers, which were smaller than the tra
ditional laptops that were chosen by the Canadian
inspectors. The Librettos^'’ enabled the US inspectors
to document activity inspection information on the site
of a construction activity. In contrast, the Canadian
inspectors maintained hand-written notes that were
translated into the electronic report forms at the end of
the day on their laptops. This modified the 'activitybased' reporting philosophy to some extent, as was
evident through the different formats of the Daily In
spection News.
The inclusion of the "Daily Summary" report in
CanEIRS® was beneficial in that it provided a method
to summarize pertinent information into one report
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while documenting the activity details necessary for
environmental post-construction reporting and recla
mation planning in the activity inspection reports. This
decreased the amount of information transmitted to
senior management and construction personnel on a
daily basis in the Daily Inspection News; however, it
was considered a redundant exercise by the CanElRS '
inspector users. The Daily Summary report also pro
vided an opportunity for the Els to submit their daily
activities without separating them into the respective
activity reports, which ultimately affected the capa
bilities of the searching features within CanElRS®.
Although the USEIRS® Daily Inspection News was of
ten in excess of 40 pages, a matrix table was provided
on the first page to summarize the total number of en
vironmental inspections conducted and the associated
compliance levels. This allowed the reader to quickly
identify areas where issues may have arisen, and refer
ence the attached activity inspection reports for further
details.
The distribution of the Daily Inspection News in the
morning allowed senior level management to provide
quick responses to compliance issues and to keep in
formed of day to day issues on each of the construction
spreads. The Daily Inspection News would prompt
issue resolution discussions between Els, construc
tion staff and management from different geographic
centers. Through distribution of the environmental in
spection news to non-environmental construction staff
(for example Alliance Engineering and Land person
nel), it instigated involvement of these parties and in
creased their awareness of and contributions towards
environmental compliance.
The electronic reporting systems allowed for identi
fication of trends in non-compliance during construc
tion and provided the ability to identify compliance
issues associated by Contractors, construction activi
ties, and geographic locations that may prompt further
environmental training for staff or adclitional follow
up in particular areas. The master database was a
powerful tool that could be used to efficiently retrieve
and summarize information related to environmental
post-construction reporting, reclamation planning, as
well as information requested by regulators. However,
it was observ^ed that reporting requirements and ex
pectations must be clearly communicated during El
training and properly implemented at the field lev'el
in order for the search capabilities of the database to
be effectiv'e and efficient.
In general, the inspectors responded positively to
the use of the EIRS. Through feedback provided by
the database users (Environmental Inspectors) sur
veys, the CanElRS® system was rated an average of
seven out of ten with respect to its efficiency and ef
fectiveness as a tool for communication between the
field and the Alliance corporate offices. Similar results
were communicated by the US Inspectors. The ma
jority of the inspectors communicated that it was a

successful system for environmental inspection report
ing; however, refinements to the activity inspection
forms could be made to improve the system from a
user's perspective and make it more time efficient.
Such modifications might include the consolidation of
all pipe activity reports (such as bending, welding,
lowering-in) into one activity report as opposed to re
quiring the submission of sev^eral reports for activities
that have potentially minimal environmental implica
tions. Both CanElRS® and USEIRS^ Daily Inspection
News formats had positive and negative attributes as
sociated with them; however, both systems achieved
the objective to effectively communicate environmen
tal inspection information to construction staff, senior
management, resource specialists, and other Alliance
personnel.

CONCLUSION

0\'erall, the use of an electronic reporting system
proved to be a successful means of transferring perti
nent environmental information from the field to the
corporate level at in a timely manner, and eliciting
prompt responses from Alliance senior level man
agement regarding compliance issues. Although not
immediately well received by the environmental in
spection teams, the CanElRS® and USEIRS® systems
were generally accepted as practical tools once the Els
had the opportunity to become familiar with the sys
tem as regular users. The majority of the problems for
the inspectors associated with the systems were hard
ware issues. Training and manpower requirements at
both the field and the support levels should not be
under-estimated in order to address these issues.
The searchable attributes of the databases have
proven to be extremely useful during both the con
struction and operations phases. Clear communication
of expectations and requirements in report prepara
tion is essential during training to ensure information
is documented though standard methods for efficient
and effective database queries.
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Operation and Maintenance Activities on Federal
Lands: The Great Lakes/Hiawatha
National Forest Experience
John W. Muehihausen and F. Jerry Kott

Operation and maintenance activities on utility rights-of-way frequently result in only minor
disturbance and, therefore, require little or no environmental review. However, when they
take place on federal land, even seemingly insignificant activities often require comprehensive
and lengthy reviews, sometimes with unpredictable outcomes. Great Lakes Gas Transmission
Company (Great Lakes) encountered such concerns on its natural gas pipeline right-of-way on
Hiawatha National Forest land in the Upper Peninsula of Michigan. The Hiawatha National
Forest generically denied authorization to conduct routine vegetation management for several
years in the 1990s and indicated it would need to conduct an extensive environmental analysis
before approving such activities. A number of factors contributed to this problem, including
the agency's misunderstanding of the nature of the proposed activities and how the activities
would impact the environment. To resolve this problem. Great Lakes approached the Hiawatha
National Forest suggesting development and implementation of a comprehensive Operation and
Maintenance Plan for pipeline activities within the Hiawatha National Forest. The plan defined
typical operation activities (from vegetation maintenance to pipe dig-ups and replacements);
categorized activities by amount of disturbance; identified environmentally sensitive areas along
the pipeline route; described best management practices to be implemented in the field; and set
time limitations for project notification and review. Prior to implementing the Operation and
Maintenance Plan, the average project review time ranged between two and twelve months
and had inconsistent results. After implementing the plan, the average review time decreased to
about two weeks with all projects being approved. In short, the plan provided a streamlined and
predictable approval process for Great Lakes and the Hiawatha National Forest. The Hiawatha
National Forest has indicated it would like to use the plan as model for other utilities on its land
in the Upper Peninsula. Moreover, the Regional Forest Service Office in Milwaukee, Wisconsin,
will be assisting Great Lakes in implementing similar plans across Great Lakes' pipeline system
in Minnesota, Wisconsin, and Michigan.
Keywords'. Approval, notification, O&M, scope, turnover

INTRODUCTION

Obtaining approval to conduct operation and mainte
nance activities on federal land can be a time consum
ing process with unpredictable results. Utility compa
nies often need approvals rather quickly in order to
maintain their project schedules. This frequently does
not allow sufficient time for agency review. A well de-

signed Operation and Maintenance (O&M) Plan can
solve this problem. By means of a case study, this paper
will identify common problems with O&M Plans, and
provide insight into the structure of a well-designed
plan.

THE GREAT LAKES/HIAWATHA NATIONAL FOREST
EXPERIENCE

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y

The initial O&M Plan

M a n a g e m e n t : S e v e n th I n te r n a tio n a l S y m p o s iu m

Great Lakes Gas Transmission Company (Great Lakes)
owns and operates a 36-inch-diameter 1000-mile-long

J.W. Goodrich-Mahoney, D.F. Mutrie and C.A. Guild (editors)
© 2002 Elsevier Science Ltd. AU rights reserved.
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pipeline system that extends from northern Minnesota
to southeast Michigan. In 1991, Great Lakes completed
a major expansion of ifs existing pipeline system in
Minnesota, Wisconsin, and Michigan. The project inv'olved constructing approximately 460 miles of loop
pipeline parallel to an existing main pipeline. The
loopline was constructed through a v'ariety of land
scapes, including several areas managed by the US
Department of Agriculture, Forest Service (or National
Forest).
As part of the approval process for the 1991 ex
pansion project. Great Lakes was required to prepare
O&M Plans for each of the National Forests crossed by
the pipeline. The plans focused on how the upcoming
construction would take place and briefly addressed
maintenance activities that would be required after
construction. At the time, the plans appeared complete
because they addressed both construction of the pipe
line and maintenance of the right-of-way. However, it
later became apparent that the documents were too
limited in scope and should have more thoroughly ad
dressed post-construction activities.’
After construction of the new pipeline was com
pleted, several years passed before maintenance activ
ities were required within the National Forest. When
the time came to seek approval for O&M activities,
authorization was difficult to obtain and very time con
suming. The National Forest viewed much of the O&M
work as new construction and conducted rigorous en
vironmental review of each proposed activity.
In addition to the problems of a narrowly defined
O&M Plan, Great Lakes also experienced problems
with staff turnover at the Hiawatha National Forest.
Between the time the plan was written and the time
O&M activities were required, a significant number
of National Forest staff, who had worked on the con
struction project and helped develop the original O&M
Plan, were no longer located at the Hiawatha National
Forest. The new staff had little experience with util
ity companies and developed inaccurate ideas as to
what had occurred during the construction project.
For example, the National Forest was unhappy with
the appearance of the pipeline right-of-way where it
crossed a national wild and scenic river. The right-ofway was exceptionally wide at this location and the
National Forest suggested that visual screening should
1 It is understandable that many O&M Plans are somewhat limited
in scope. O&M Plans are, after all, required as part of the permitting
process for new construction and must discuss how new construc
tion will take place. They therefore tend to focus heavily on the more
immediate concerns of the upcoming construction, and touch only
lightly on post-construction activities. In many cases, O&M Plans
are actually closer to Construction Plans, and are not true O&M
Plans. Some land managing agencies, such as the Bureau of Land
Management, try to clarify this issue by making a distinction be
tween construction and post-construction activities. They refer to
their plans as Construction, Operation, and Maintenance Plans. In
Great Lakes' case, this seemingly minor distinction led to regulatory
problems in the years following construction.

Table 1. Summary of project review and approval times from
1996 to 2000
O&M activity
(in alphabetic order)

Review and approval times
Prior to the
After the
new
new
O&M Plan->

Anode Bed Installation
Request No. 1

21 Weeks

O&M Plan'

n/a*-'

Civil Surv'eys
Request No. 1

5 Weeks

4 Weeks

Erosion Repair/ROW Restoration
Request No. 1
Request No. 2

1 Week
1 Day

n/a'-

Geotechnical Investigations
Request No. 1
Request No. 2
Request No. 3
Request No. 4
Request No. 5

12 Weeks
9 Weeks
4 Weeks
2 Weeks
3 Weeks

n/a*-'

Pipe Inspection and Recoating
Request No. 1
Request No. 2
Request No. 3

4 Weeks
20 Weeks
17 Weeks

n/a'-

Never
approved
5 Weeks

n/a'-'

Test Wire Lead Installation/Repair
Request No. 1
Request No. 2

21 Weeks
10 Weeks

5 Weeks
6 Weeks

Average Re\'iew and Approval Time

10 Weeks

5 Weeks

Routine Brushing and Clearing
Request No. 1
Request No. 2

‘^From January 1,1996 to April 21, 1999.
*^From April 22, 1999 to September 8, 2000.
‘'A request to conduct these types of activities has not been submit
ted to the Hiawatha National Forest since implementation of the new
O&M Plan.

hav'e been planted immediately after construction. In
truth, the corridor had been purposely widened at the
direction of a National Forest landscape architect who,
incidentally, was no longer employed at the Hiawatha
National Forest.
Between the narrow scope of the initial O&M Plan
and problems with staff turnover and institutional
memory. Great Lakes had great difficulty obtaining
approval to conduct O&M projects (see Table 1). For
example, in 1996, Great Lakes requested approval un
der its existing O&M Plan to install two new cathodic
test wire leads on its pipeline within the Hiawatha
National Forest. A test wire lead installation involves
excavating a hole approximately 10 feet in diameter
by three feet deep over the pipeline and connecting
wires to the top of the pipe. National Forest review and
approval for the activities required over five months.
Great Lakes requested permission for a similar activ
ity in 1998 and approval took over two months to
obtain. Between 1996 and the time a new O&M Plan
was established (April 22,1999), Great Lakes requested
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approval to conduct twelve separate O&M activities.
The projects ranged from routine brushing and clear
ing of the right-of-way corridor, to test lead repair, to
excavation for pipe recoating. Some requests were ap
proved within one or two weeks. Others took as long
as 21 weeks. One was never approved (routine brush
ing and clearing were generically denied in 1996, even
though such activities were addressed in the O&M
Plan). The average review time was more than 10
weeks. Ironically, some of the simplest, least disrup
tive activities were denied after a long review time,
and some of the more complex projects were approved
rather quickly.
With variable review times and irregular approvals,
neither Great Lakes nor the Hiawatha National Forest
were having their needs met. Both Great Lakes and
the National Forest were frustrated with the existing
process, and both realized the O&M Plan needed to be
revised.
The new O&M Plan

In 1996, Great Lakes approached the Hiawatha Na
tional Forest regarding permitting for a new pipeline
construction project. At that time. Great Lakes' en
tire 1000-mile-long pipeline system had been entirely
looped, except for approximately 25 miles located in
the Upper Peninsula of Michigan. The new project in
volved looping the remaining 25 miles of pipeline,
approximately 10 miles of which were located within
the Hiawatha National Forest.
Great Lakes and the Hiawatha National Forest used
the project as the means to revise the existing O&M
Plan. Although the plan could have been revised at any
time, the pending construction project prompted com
munication between the organizations and provided
the momentum needed to facilitate the process.
The process of developing a new comprehensive
O&M Plan allowed Great Lakes to more accurately
define O&M projects. Up to that time, the National
Forest's perception of what an O&M activity was com
prised of was limited to routine brushing and clearing.
The National Forest was somewhat surprised to learn
that Great Lakes considered other, less frequent actions
to be routine maintenance, such as pipe coating inves
tigation digs, test lead installation, and stream bank
repair. The fact that the National Forest did not con
sider these activities to be O&M was not unreasonable
because the existing plan was far too limited in scope.
In developing the new O&M Plan it became read
ily apparent that the National Forest had many new
staff with little or no exposure to pipeline mainte
nance issues. Also, the National Forest did not have
sufficient resources to review the O&M requests sub
mitted by Great Lakes in the level of detail they felt
was necessary. Great Lakes was able to educate the
National Forest on pipeline maintenance matters and
establish trust with the new personnel. This was ac
complished by spending significant amounts of time
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with specialists and management from the Hiawatha
National Forest during the review and construction of
the aforementioned construction project. Matters that
were discussed and agreed upon were completed ac
cording to the terms of that agreement, even though
they may have been thought to be excessive in the
minds of construction persormel. Strict compliance
with these measures helped establish the level of trust
needed to make the new O&M Plan happen. In turn,
the Hiawatha National Forest was able to express
its concerns to Great Lakes, including the impacts of
construction on wetlands, the visual appearance of a
cleared corridor at critical viewpoints, all-terrain ve
hicle traffic, and staff availability to review the O&M
requests.
The first major issue to be resolved was the limited
scope of the previous O&M Plan. This was accom
plished by agreeing to develop two separate plans —
a Construction Plan and a true O&M Plan. The Con
struction Plan was developed first and addressed how
construction of the new project would take place. Fol
lowing construction, the O&M Plan was rewritten to
address activities that would take place on the pipeline
and right-of-way over the long term — true mainte
nance issues. The O&M Plan also included best man
agement practices to make sure that O&M activities
would not result in significant impacts on the environ
ment and that they would occur in compliance with
various land-use and environmental laws and policies.
These include the Hiawatha National Forest Land and
Resource Management Plan, the National Environ
mental Policy Act, and US Department of Agriculture
guidelines. The new O&M Plan described the notifi
cation procedures to be followed by Great Lakes once
an O&M project was identified and the review proce
dures to be followed by the Hiawatha National Forest
to evaluate the project. The plan also discussed various
standard mitigation measures to be implemented dur
ing O&M activities to ensure that they would not result
in significant impacts on the environment. The plan
was finalized and placed into service in April 1999. Ta
ble 2 summarizes the contents of Great Lakes' revised
O&M Plan.
Since establishing the new O&M Plan, Great Lakes
has submitted several O&M requests to the Hiawatha
National Forest. All requests were approved with an
average time of 5 weeks (see Table 1). By way of
comparison, average review time was cut in half. The
time spent revising the O&M Plan also improved Great
Lakes' relationship with the Hiawatha National Forest
and benefited Great Lakes in the planning and review
of its next project in the National Forest.
Key elements In the new O&M Plan

The first and most important element in the new O&M
Plan was a broader scope. The plan was expanded to
include a discussion of a variety of typical O&M activi
ties. Identifying and describing typical O&M activities
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Table 2. Summary of contents of Great Lakes' O&M plan with
the Hiawatha National Forest
Section titles in the O&M Plan
Introduction
Communication
Projection Notification, Review, and Approval Procedures
No Disturbance Activities
Minor Activities
Major Activities
Emergency Situations
Financial Account
Environmental Protection Measures
Environmental Inspection
Approved Work Area and Site Access
Noxious Weed Control
Right-of-Way Clearing
Soil Erosion and Sediment Control
Topsoil Segregation
Pipe Coating and Sand Blasting
Site Dewatering
Hydrostatic Testing
Restoration and Revegetation
Wetland Protection Measures
Stream Protection Measures
Road Protection Measures
Spill Prevention, Containment, and Control
Unanticipated Discover of Heritage Resources
or Human Remains
O&M Plan Acceptance
O&M Plan History
Appendix A — Typical Operation and Maintenance Activities
Appendix B — Key Persormel
Appendix C — Operation and Maintenance Project
Notification Form
Appendix D — Topographic Maps of the Permanent
Right-of-Way

Table 3. List of typical O&M activities
O&M activity
All-Terrain Vehicle Barrier Installation and Repair
Cathodic Protection System Installation and Repair
Geotechnical Investigations
Global Positioning System Monument Installation and Repair
Pipe Coating Inspection, Pipe Lowering, and Pipe Replacement
Pipeline Integrity Surveys
Pipeline Marking Post Installation and Repair
Routine Right-of-Way Clearing
Soil Erosion Control Inspections and Repair
Test Lead Installation and Repair
Topographic and Civil Surveys
Washing and Painting Existing Facilities

provided National Forest staff with a practical refer
ence for evaluating O&M projects, and helped new
staff understand exactly what the O&M projects in
volve. A list of typical activities included in the O&M
Plan is summarized in Table 3.
After defining the O&M activities. Great Lakes di
vided the activities into four main categories: (1) no
disturbance, (2) minor projects, (3) major projects, and
(4) emergency activities. Notification, review, and ap
proval times were set according to category. A no

disturbance project, as its name implies, involves no
disturbance to the environment. No vegetation clear
ing, soil grading, or digging is involved. Additionally,
work is not conducted in wetlands or near areas where
endangered species are known to occur. Great Lakes
provides advance notice of the activities to the Hi
awatha National Forest, and, unless a written response
is received from the National Forest stating the work
carmot be conducted, the activity may be undertaken
72 h after notification. Examples of no disturbance ac
tivities include building or facility washing and paint
ing, close interval surveys, and off-road vehicle barrier
installation.
Minor projects involve only minimal disturbance —
typically less than one or two acres of vegetation clear
ing, soil grading, or digging in upland areas. Work is
not conducted in wetlands or near known endangered
species sites. Great Lakes provides a 14-day advance
notification of the activity to the Hiawatha National
Forest, and must receive written confirmation before
undertaking the work. Examples of minor O&M activ
ities included brushing and clearing in upland areas,
test lead repair, anode bed installation, and pipe in
spection digs.
Major projects involve more disturbance or may in
volve work in wetlands or near endangered species.
Great Lakes is required to provide a 30 day advance
notice of the activity, and must receive approval from
the National Forest before conducting the work. Exam
ples of major activities include brushing or clearing in
wetlands or any work involving extensive pipe exca
vation.
There is always a possibility that an emergency sit
uation will arise which will require Great Lakes to
respond to the situation immediately. In the event of
an emergency situation. Great Lakes may, according to
its Emergency Plan (a separate document filed with the
National Forest), take remedial action to fix the prob
lem, safeguard human health, and prevent damage to
the environment. Activities conducted as part of an
emergency situation are generally not subject to the
conditions of the O&M Plan, except that Great Lakes
must verbally inform the Hiawatha National Forest
Emergency Contact of the situation within eight hours
of undertaking remedial action. Written notification,
including an explanation of the circumstances must be
sent to the National Forest within 48 hours.
As stated. Great Lakes must receive approval from
the Hiawatha National Forest before beginning work
on minor or major projects. The Hiawatha National
Forest is responsible for responding to Great Lakes
within the review period to advise whether the project
may proceed as proposed (including any additional
mitigation measures that may be required), or whether
the project cannot proceed, either because it is not
within the scope of the plan, or would result in adverse
environmental impacts. If the Hiawatha National For
est determines the project cannot proceed because it is
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Fig. 1. Notification and approval forms.

not within the scope of the O&M Plan, or that it would
result in adverse environmental impacts, the Hiawatha
National Forest is required to provide a letter of expla
nation detailing why the project is not within the scope
of this plan or why it believes the project would result
in adverse environmental impacts.
Setting review and approval times for different
types of O&M project was a significant improvement
to the O&M Plan. To further improve the plan. Great
Lakes and the National Forest developed a standard
O&M project notification form. The notification form
was incorporated into the plan and includes areas to
describe the type, location, size, schedule, etc. of a pro
posed O&M activity. A National Forest approval form
was also inserted into the document. The approval
form provides the Hiawatha National Forest with a
consistent method of responding to Great Lakes' O&M
requests. Fig. 1 depicts the notification and approval
forms.
Maps illustrating the pipeline route and environ
mentally sensitive features were also incorporated into
the O&M Plan. The maps allow Great Lakes and the
National Forest to consistently identify sensitive ar
eas along the pipeline and plan work accordingly. The
maps also provide the Hiawatha National Forest with
a convenient reference for their environmental review.
The maps are based on 7.5 minute USGS topographic
maps and identify a wide variety of environmental

features along the pipeline route. Features include:
streams; wetlands; known cultural resources; known
threatened, endangered, and sensitive species; highly
erodible soils; visually sensitive areas; etc. The maps,
which were developed using Geographical Informa
tion Systems, were attached as an appendix to the
O&M Plan in hard copy and provided to the National
Forest electronically. Information on cultural resources
and protected species were available from field sur
veys performed for previous construction projects.
To ease the National Forest's concerns that O&M ac
tivities would be conducted in an environmentally re
sponsible maimer, environmental protection measures
were integrated into the O&M Plan. Environmental
protection measures actually comprise a bulk of fhe
plan and describe in detail the procedures that Great
Lakes will implement in the field. These measures
are similar in nature to those found the Federal En
ergy Regulatory Commission's Plan and Procedures
for pipeline construction. Examples of environmental
protection measures include, requirements for annual
walkovers of the pipeline right-of-way, restrictions on
the width of clearing allowed within the permanent
right-of-way, stipulations for bridging all streams, pro
visions for erosion control, etc.
Both Great Lakes and the Hiawatha National For
est also recognized that regular, ongoing communi
cation would be integral to resolving problems as
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sociated with staff turn over. Great Lakes and the
National Forest inserted a requirement in the O&M
Plan to meet twice a year specifically to discuss O&M
issues. At these meeting, discussions focus on Great
Lakes' foreseeable O&M activities, anticipated Hi
awatha National Forest activities that could affect
Great Lakes' plans (e.g., road improvements and clo
sures, Land and Resource Management Plan amend
ments, etc.), proposed amendments to the O&M Plan,
and any other issues that warrant attention. This reg
ular, ongoing communication keeps National Forest
staff familiar with O&M activities and provides Great
Lakes with an opportunity to address any questions or
concerns they may have.
The new O&M Plan also contains a list of key
personnel for both Great Lakes and the Hiawatha
National Forest. Key personnel are contacts at Great
Lakes and the Hiawatha National Forest who should
be called regarding questions, comments, or concerns
on the O&M Plan or specific activities. Having a list
of key personnel keeps the appropriate people at both
organizations in communication with each another,
and help prevents misunderstandings that can occur
when too many or the wrong individuals are involved
in a process.
Staff and funding are always short at the National
Forest, therefore, the O&M Plan incorporated a provi
sion to allow the National Forest to be reimbursed by
Great Lakes for time spent evaluating O&M activities.
The O&M Plan required Great Lakes to establish a fi
nancial account to be used by the Hiawatha National
Forest to resolve the staff and funding problem. At
the beginning of each year. Great Lakes deposits funds
into a financial account to maintain a predetermined
level. Throughout the year, the Hiawatha National For
est draws on the account to cover costs associated with
review of O&M projects and for any needed field in
spection of the pipeline corridor.
CONCLUSIONS

Great Lakes' O&M Plan has been successful. It stream
lined the notification, review, and approval process;
it improved communication and trust; and it made
the process predictable for both Great Lakes and the
Hiawatha National Forest. Currently, the Hiawatha
National Forest is asking other utilities crossing its
boundaries to revise their O&M Plans to make them

similar to Great Lakes' plan. In addition, other Na
tional Forests in the Region have become aware of the
plan and are requesting Great Lakes to update their
plans in those Forests.
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T h e Iroq uois P ip eline O p eratin g C o m p an y
E nviro nm en tal C o m p lian c e Program

Kevin C. Owen and J. Tim Barnes

Between 1996 and 1999, the Iroquois Pipeline Operating Company (IPOC) overhauled the
environmental compliance program of the company. Although most aspects of this revised
environmental program were in place by 1999, this is a dynamic program that is being conhnually
reviewed and, as needed, revised. The purpose of this paper is to discuss the different components
of the IPOC environmental compliance program. This program includes:
1. A computerized database of the requirements that regulate IPOC;
2. A company-wide environmental procedure manual;
3. Computerized environmental compliance summary reports documenting the environmen
tal controls that are in place;
4. A computerized environmental permitting database;
5. Environmental reviews within the computerized IPOC Work Order system;
6. An IPOC Environmental Compliance Committee to review and update the company
compliance program;
7. Direct reporting of the IPOC Environmental Manager to management;
8. An in-house environmental training program; and
9. Internal and extern al aud its and in tern al en v iro n m en tal com p lian ce inspections.

IPOC is committed to environmental compliance and has developed a comprehensive
program to ensure compliance. Now that the program is in place, IPOC continues to monitor
environmental regulations and requirements to maintain compliance.
Keywords: Regulatory, permits, monitoring, procedures

INTRODUCTION

The Iroquois Pipeline Operating Company (IPOC) op
erates a 180 mile long pipeline system that runs from
the St. Lawrence River to Long Island, New York. The
gas transmission system, which includes three com
pressor stations and other facilities, passes through
portions of New York State and Connecticut, includ
ing Long Island Sound. Like most interstate pipelines,
the construction, operation and maintenance (O&M) of
this gas transmission system are regulated by the en
vironmental programs of a number of Federal, New
York State (NYS), and Connecticut agencies. In some
instances, the regulatory programs are administered

E n v ir o n m e n t a l C o n c e r n s in R ig h ts -o f-W a y
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through several different offices of the same agency.
For example, portions of the IPOC system are reg
ulated by the New York City and Buffalo Districts
and New England Division of the Corps of Engineers
(COE).
Tracking compliance with the myriad of environ
mental requirements administered by a host of agen
cies is a complicated task. In 1996, IPOC committed to
establishing a comprehensive environmental compli
ance program for the company. This program was con
sidered necessary to ensure that all activities were con
ducted in accordance with the applicable federal and
states' laws and regulations and the conditions of the
regulatory approvals obtained for the gas transmission
system.
The development of the environmental compliance
program consisted of several steps and involved most
departments within the IPOC organization. These
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steps included:
- Review of applicable laws, rules, regulations, per
mits, and court orders to create an environmental
compliance manual and database;
- Development of environmental procedures to ad
dress all of the items in the environmental compli
ance database;
- Development of a company-wide training program
on the environmental compliance program;
- Creation of a system to update the procedures to
reflect changing regulatory requirements;
- Implementing the environmental compliance pro
gram on a company-wide basis; and
- Conducting audits of the environmental compliance
program.
By 1999, all of the major components of the environ
mental compliance program were in-place and were
being implemented. This paper provides an overview
of this program and the steps IPOC is taking to main
tain environmental compliance.

ENVIRONMENTAL COMPLIANCE MANUAL AND
DATABASE

As a first step in the environmental compliance pro
gram, an environmental compliance manual (ECM)
was developed for the company. The ECM was pre
pared mainly by the IPOC legal department with the
assistance of outside law firms and attorneys. The
ECM, in its present form, includes:
- A statement setting forth the environmental policy
of the company with a commitment to conducting
all company business in compliance with applicable
laws;
- A review of the environmental regulatory docu
ments including agencies' filings, permits, and regu
lations that pertain to the Iroquois system; and
- The environmental compliance summary database.
The environmental compliance summary database
is a computerized database of specific condifions of
permits and court rulings and other regulatory deci
sions that IPOC must comply with. The database in
cludes each permit condition, the regulatory document
the requirement comes from, and an identification of
the procedures that have been developed to imple
mented that requirement. This database became the
basis for the environmental compliance program that
Iroquois has developed.

ENVIRONMENTAL PROCEDURES MANUAL

Once the compliance database was in place, IPOC
then developed an Environmental Procedures Manual
(EPM) to address each regulatory requirement in the
compliance database. The EPM was developed primar
ily by the IPOC environmental department with the as
sistance of outside environmental consulting firms. All

procedures were reviewed and approved by the IPOC
legal, environmental, and engineering departments be
fore implementation.
The EPM consists of five sections of procedures and
a reference index. The sections of the EPM include
procedures that address:
- Environmental permitting, monitoring, and compli
ance reviews;
- Environmental training requirements;
- Environmental requirements for construction and
earth disturbances;
- Waste management; and
- ROW maintenance and emergency, and spill re
sponse plans.
Each individual procedure includes an introduction
and sections on personal safety, notifications, equip
ment, and materials needed, references, instructions,
and documentation or reporting. Currently, the EPM
contains over 100 procedures.

ENVIRONMENTAL COMPLIANCE COMMITTEE

To ensure the EPM addressed all of the requirements
in the compliance database, IPOC established an En
vironmental Compliance Committee (ECC). The ECC
consists of the environmental department manager,
the compliance coordinator from the legal department,
and a representative for the director of engineering.
The ECC also includes an office support person that
serves as the ECC Administrator.
While the EPM was being developed, the ECC met
on a regular basis to review and approve the environ
mental procedures being written. Since the completion
of the EPM, the ECC meets at least once a month. At
these meetings, the ECC reviews any new or revised
procedures that may be proposed to ensure that ac
cepted changes have been properly incorporated into
the procedures. The ECC also reviews any new or
amended regulations to ensure the procedures remain
current. When a procedure or revision has been ac
cepted, each member of the ECC (with the exception
of the analyst) signs the procedure.
When new or amended procedures have been ac
cepted by the ECC and revised, the ECC Administra
tor distributes the updates to all IPOC personnel that
hold copies of the EPM. The manual holders sign a
form acknowledging that they have read and under
stand the revisions and have updated their copy of the
EPM. The ECC Administrator maintains a database of
the changes to the EPM and the signed acknowledge
ment forms. These activities of the ECC are intended to
keep the IPOC EPM current with regulatory changes
that may occur.

IPOC environmental compliance program

ENVIRONMENTAL TRAINING

Implementation of the compliance program through
out the IPOC system is one of the most critical compo
nents of the program. To be successfully implemented,
the procedures and manuals must be understood and
used by IPOC personnel. Environmental training helps
ensure that the users understand the compliance pro
gram. Accordingly, IPOC has implemented annual and
pre-job training programs.
Three formats are used for the environmental train
ing programs. These formats are:
- Videotaped training modules used both for orienta
tion training of new personnel and pre-job training
in long-duration projects;
- Computerized, web-based training for general awa
reness and annual training programs; and
- Classroom or field training most technical topics and
project-specific pre-job training.
The amount of training each employee receives is
determined by the ECC based upon each employee's
job duties and description. A questionnaire is filled
out by each employee on a yearly basis to confirm the
job responsibilities of each person. The environmental
department maintains records of the environmental
training the personnel receive.

ENVIRONMENTAL AUDITING

IPOC conducts audits monitoring the implementation
of the compliance program. Two types of audits are
conducted; audits by the companies that form the own
ership partnership of the Iroquois Gas system and au
dits by external third party companies. To date, either
one or both types of audits have been conducted on an
annual basis. Each audit has focused on a different as
pect of the IPOC Compliance program; such as permits
and compliance issues, random analysis of the compli
ance database; and specific procedures.
The results of the environmental audits are pro
vided to IPOC for review. The ECC responds to audit
issues and provides the response to the legal depart
ment. As required, aspects of the IPOC environmental
compliance program are revised in response to the is
sues raised in the audits.

ENVIRONMENTAL PERMITS DATABASE

IPOC maintains a computerized environmental per
mits database. The database contains important in
formation regarding each permit. The permits are
scanned into the IPOC computer system and are elec
tronically linked to the database. In this manner, the
permits are routed to, and maintained in, one com
puter database. This system allows permit information
and copies of the permits to be quickly accessed and
retrieved.
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ENVIRONMENTAL FILING SYSTEM

The environmental filing system is an important com
ponent of the compliance program. The environmental
master files are divided into system-wide and project
(or facility) specific files designated by a two letter
identification (i.e., SW denotes system-wide topics).
The system-wide and project specific files are then di
vided into topics using a numbering system. The topic
numbering system is the same for all projects.
Environmental department personnel assign the
filing number to each document filed. This system
enables IPOC to file documents on a quicker and
more consistent basis. Since the coding system is the
same for all projects, there is less of a chance that the
documents will be misfiled. The documents are more
easily and quickly retrieved.

WORK ORDER SYSTEM

IPOC utilizes a computerized work order system for
operational and maintenance (O&M) projects. As a
work order is being prepared, the project initiator must
complete a checklist that covers environmental com
pliance issues. If any of the environmental issues are
marked, the work order is automatically sent to the en
vironmental department for review and approval. The
work cannot be initiated until the environmental de
partment has approved the work order and informs
the project manager that the necessary environmen
tal approvals have been received. The work order con
tains a section for enviromnental cautions in which the
environmental requirements for the work are listed.
This approved work order is then sent into the field
for implementation.

MONTHLY FACILITY INSPECTIONS

To help ensure the compliance program is being im
plemented, monthly environmental inspections of the
compressor stations and warehouse facilities are con
ducted. A checklist is completed for each facility at
each inspection. If compliance issues are identified,
the inspector completes an action item checklist that
identifies the actions to be taken and establishes target
completion dates. Facility personnel are given a signed
copy of the action item list and return a signed copy
to the environmental department when the actions are
completed. IPOC has developed a computerized data
base to track the action list items and document that
the situations are resolved. The environmental depart
ment manager reviews these monthly inspection re
ports before the reports are filed.
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CONSTRUCTION INSPECTIONS

BIOGRAPHICAL SKETCHES
Environmental inspectors are assigned to capital and
O&M field projects. The inspectors may be either IPOC
or contract personnel who typically conduct the envi
ronmental pre-job training for project persormel. The
EPM contains instructions, forms, and checklists for
the environmental inspectors to follow. The environmenfal inspectors are responsible for monitoring the
field work and report to either the environmental
project leader or the environmental department man
ager.
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IPOC is committed to environmental compliance in all
aspects of the company's operations. To achieve this
goal, IPOC has committed considerable time and re
sources researching the applicable permits and reg
ulatory requirements. An Environmental Procedures
Manual has been developed to provide guidance and
monitoring for the company's compliance efforts. IPOC
has begun implementing the system-wide environ
mental compliance program. The environmental com
pliance program and procedures manual are both dy
namic and are updated and revised as needed. IPOC
continues to monitor environmental regulations and
requirements to keep the Environmental Procedures
Manual and compliance program current and up-todate.

911

Variability in Avoiding Impacts on Endangered
Species: The Sault Looping Project Experience
Todd A. Mattson and F. Jerry Kott

The amount of information available on endangered species distribution and biology can directly
affect the cost and schedule of a pipeline construction project. For many endangered species, this
information is readily available and appropriate avoidance measures are generally not difficult to
identify. For some species, however, the lack of available information makes it difficult to predict
project-related effects and leads to variable approaches in avoiding impacts on endangered
species. Great Lakes Gas Transmission Limited Partnership recently proposed to construct
a 14.1-mile-long pipeline loop in the Fliawatha National Forest in the upper peninsula of
Michigan. Twelve endangered species were known to occur in or near the project area. The
treatment of two of these species, the American hart's-tongue fern and the Hine's emerald
dragonfly, illustrates how the amount of information available for a species can affect a project.
The fern is a readily identifiable species that had been found in the project area. Because the
biology of this species is relatively well understood, it was possible to identify potential impacts
on the species and develop appropriate measures to avoid those impacts. By contrast, less
information is available on the biology of the dragonfly. Consequently, surveys to determine
the species' presence were difficult to design and measures to avoid the species were, for the
most part, found to be impractical or infeasible. Although ultimately not found in the project
area, the potential occurrence of the dragonfly resulted in a one-year project delay. This paper
examines how these species affected the regulatory and construction planning process and
provides insights on managing endangered species compliance.
Keywords: Ffine's emerald dragonfly, hart's-tongue fern. Endangered Species Act, biological
assessments

INTRODUCTION

A large and growing number of plants and animals
are protected by endangered species regulations in the
United States. In general, life history and ecological
information is more readily available for endangered
species than for many non-game and/or economically
unimportant species. However, because of their inher
ent rarity and other difficulties in studying endangered
species, basic biological information is often lacking for
many species. Construction projects being developed
often adopt widely varying approaches when address
ing mitigation for endangered species (e.g., temporal
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or spatial avoidance), due to the limited understanding
of the biology and the vast differences in the life history
characteristics of the species. This problem is further
complicated because species are often being added or
removed from endangered species lists. Several rela
tively complicated issues that illustrate the dynamic
nature of handling endangered species concerns were
identified during the permitting process for a small
pipeline construction project in the Upper Peninsula of
Michigan. The following discussion is presented to as
sist right-of-way project managers in dealing with the
variability inherent in addressing endangered species
concerns.

PROJECT BACKGROUND

Great Lakes Gas Transmission-Limited Partnership
(Great Lakes) owns and operates a 36-inch-diameter
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natural gas pipeline system, which extends about
1000 miles in Minnesota, Wisconsin, and Michigan. In
addition to its 36-inch mainline system. Great Lakes
owns and operates a smaller 44-mile-long natural
gas pipeline in the Upper Peninsula of Michigan
known as the Sault Mainline. The Sault Mainline con
nects to Great Lakes' 36-inch mainline system near
Brevort, Michigan, and extends northeast to Sault Ste.
Marie, Michigan where it connects to a TransCanada
Pipelines, Limited pipeline at the international border.
For most of its route, the Sault Mainline consists of
a 10.75-inch-diameter mainline paralleled by a 12.75inch-diameter loopline. A loopline is a parallel seg
ment of pipeline that is connected to the mainline at
both ends. Within the project area, however, the Sault
Mainline consists of a single 10.75-inch-diameter main
line with no loopline.
Great Lakes began agency consultations in late 1997
to construct 14.1 miles of 12.75-inch-diameter pipeline
along this unlooped portion of the Sault Mainline.
About 11 miles of the project is located on federal land
within the Hiawatha National Forest (HNF). Although
initially proposed for the spring of 1999, construction
of the project did not begin until July 2000.

REGULATORY COMPLIANCE

During the fall of 1997, Great Lakes began consulta
tion with the Federal Energy Regulatory Commission
(FERC) and the HNE regarding environmental per
mitting requirements for the Sault Looping Project.
Construction of the new loopline required a Certificate
of Public Convenience and Necessity from the FERC
and a Special Use Permit Amendment from the HNE.
These federal actions required compliance with sev
eral environmental regulations including the National
Environmental Policy Act (NEPA), the Endangered
Species Act of 1973 (ESA), and the National Forest
Management Act of 1976 (NFMA).
In order to comply with the above stated regula
tions, consultation with appropriate agencies was initi
ated in late 1997 to identify endangered or threatened
species that could potentially be found in the project
area. The US Fish and Wildlife Service identified the
American Hart's-tongue fern {Phyllitis scolopendrium
var. americana) as the only federally listed species po
tentially occurring in the project area. Additional con
sultations with the HNF and the Michigan Department
of Natural Resources identified that the project area
may have more than 76 plants and animals designated
as state-listed endangered or threatened or Forest Ser
vice sensitive species.
Also during this time period, the HNF was desig
nated the lead federal agency for purposes of compli
ance with NEPA. In early 1998, the HNF determined
that an Environmental Assessment (EA) would be nec
essary for the project. Great Lakes' project planners

estimated that environmental review and permitting
should be initiated 18 months prior to beginning con
struction. This meant that all field surveys would need
to be performed during the summer of 1998 to allow
construction to proceed as scheduled in the summer of
1999.

SAULT LOOPING PROJECT ENDANGERED SPECIES
ISSUES

A biological assessment was prepared by Great Lakes,
and submitted to the respective state and federal
agencies for their approval, in an effort to determine
whether any protected species would be adversely af
fected by construction of the project. The assessment
included a series of biological surveys for species po
tentially affected by the project, and included surveys
for flowering plants, songbirds, and raptors. Species
such as the federally listed endangered gray wolf
{Cnnis lupus) and the state-listed threatened lake stur
geon (Acipenser fulvescens) were known to occur in the
project area; but because no impacts were expected,
further surveys for these species were not required.
During the botanical surveys, five protected plants
were found within or adjacent to the construction
right-of-way. These included the federally listed threat
ened American hart's-tongue fern, the state-listed
threatened walking-fern spleenwort {Asplenium rliizophyllum) and flattened spike rush (Eleocharis compressa),
and a Forest Service designated regionally sensitive
species — the northern wild comfrey {Cynogolossum
virginianum var. boreale). Although the life history and
ecological requirements of these species are all unique,
a fairly straight forward approach was used to expe
dite environmental review and permitting for these
protected plants, as illustrated in the following exam
ple of the American hart's-tongue fern.
American hart’s-tongue fern example

The distribution of the American hart's-tongue fern
(see Fig. 1) is limited to a few sites in the eastern United
States and Canada. These small, low-growing plants
require a combination of high humidity, cool temper
atures, shade provided by a mature forest canopy or
overhanging rock cliffs, and a moist substrate (Do
herty, 1993). Plants in Michigan have been found in
rich, rocky woodlands in proximity to or on limestone
boulders and outcrops at a few locations in the Upper
Peninsula. Seven colonies of American hart's-tongue
fern were discovered during the initial plant surveys in
the summer of 1998. The colonies were observed to be
growing on moss-covered boulders that were around
120 feet from the centerline of the proposed pipeline.
As originally proposed, installation of the loopline
through the American hart's-tongue fern area would
require widening an existing open right-of-way
through a mature northern hardwood forest. Although
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the ferns would not be directly affected by construc
tion, botanists with the HNF were concerned that
changes to the canopy structure would change the
microclimatic conditions where the ferns were found
growing. Very little information is available regard
ing the long-term response of ferns to changes in
overstory conditions and moisture regimes, however
studies suggest that changes in overstory cover can re-

Fig. 1. American hart's-tongue fern

{p h o to g r a p h c o u r te s y o f P e te r s o n
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suit in the desiccation of individual ferns and reduced
colony vigor (Penskar et al., 1997; US Fish and Wildlife
Service, 1993). Consequently, a plan was developed to
avoid additional forest clearing within 250 feet from
any fern colony (see Fig. 2). Additionally, the plan in
cluded minor rearrangements to the route of the new
pipeline to neck down, or minimize, the separation
between the new and existing pipeline in the area of
the ferns. Furthermore, refueling, concrete coating of
the pipe, trench dewatering, and hydrostatic test water
discharges would not be allowed within 250 feet of any
colony. Esfablishing a conservative protective buffer
around the ferns placed a relatively minor constraint
on the construction — for a distance of less than 0.25
mile of the project. This approach adequately protected
the plants and avoided the need for further, potentially
time-consuming consultations with the FFNF and the
US Fish and Wildlife Service.
Based on even the most fundamental knowledge
regarding habitat requirements of the American hart'stongue fern, it was relatively straightforward fo de
velop a plan that simply avoided impact on the species,
either directly or indirectly, through alteration of its
habitat. A similar approach was taken with several
other protected plants on this project and proved
equally successful. Conversely, it is more difficult to
develop mitigation plans for protected species where
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detailed information on life history and/or distribu
tion is lacking. The Mine's emerald dragonfly illus
trates some of the difficulties associated with iden
tifying the presence and avoiding impacts on an
endangered species for which relatively little biologi
cal information is available.
Mine’s emerald dragonfly example

During preliminary consultations with the US Fish and
Wildlife Service, the Mine's emerald dragonfly (see
Fig. 3) was not identified as a species potentially oc
curring in the project area. Mowever, surveys being
conducted within the MNF during this same time pe
riod, yet unrelated to the project, discovered several
occurrences of this federally listed endangered species
near the project area (Steffens, 1997). These occurrences
were the first identified in Michigan and extended the
range of this species by approximately 120 miles. Be
cause the dragonfly was first discovered in Michigan
during the summer of 1997, many of the resource agen
cies in the state did not become aware of its existence
until 1998, when a report of the discovery was finalized
and widely distributed. During discussions with MNF
resource specialists in late 1998, the Mine's emerald
dragonfly was finally identified as being potentially af
fected by the project. At this point in time. Great Lakes
was expecting the imminent completion of the EA and
subsequent issuance of permits and/or releases to al
low construction in the summer of 1999.
Then current information regarding distribution of
the Mine's emerald dragonfly limited occurrence to a
few counties in Illinois, Wisconsin, and Michigan, al
though it formerly occurred in Indiana and Ohio as
well. The species is typically associated with wetlands
or streams with high water quality, often at calcareous
marshes that overlay dolomite bedrock (US Fish and
Wildlife Service, 1999). In Illinois and Wisconsin, it has
been found in wetland complexes consisting of several

natural communities such as marsh, sedge meadow,
dolomite prairie, spring, seep, and pond. Very little in
formation is available on the habitat requirements of
this species in Michigan. Preliminary surveys indicate
it is associated with calcareous fens and fen/conifer
swamp complexes that appear to be spring-fed (Stef
fens, 1997).
Use of habitats by the Mine's emerald dragonfly de
pends on its life stage. Wetland communities are a crit
ical habitat component because they provide appro
priate conditions for larval development (Clemency,
1999). The Mine's emerald passes through three lifecycle stages: aquatic egg, aquatic larva, and terrestrial/aerial adult. The adults, or reproductive stage,
may live for only a few months during the summer, at
which time they breed and lay their eggs in wet sand,
mud, or moss at water's edge. Although adults are able
to fly, they tend to remain relatively close to the aquatic
habitats where they lay their eggs. The larval stage is
entirely aquatic and may live for several years. Unlike
other dragonflies with a relatively long-life cycle, the
larval stage of the Mine's emerald may survive in ar
eas lacking permanent water. Mine's emerald larvae
have been collected from streamlets that have been ob
served to dry up and appear uninhabitable (Soluk et
al., 1998). The Mine's emerald survives over the cold
winter months in the larval or egg stage.
Mine's emerald dragonfly larvae may become less
active and/or crawl into tight spaces during cooler wa
ter temperatures in fall and spring (Soluk et al., 1998).
Collectors have been unsuccessful in finding any lar
vae in streamlets during this time, even in streamlets
that previously contained larvae. This overwintering
behavior and possible shift in habitat is an important
aspect of the larval life history, which effectively limits
surveys to the summer months and makes assessment
of impacts very difficult. Larval surveys and impact
assessments are further complicated because Mine's
emerald dragonfly larvae cannot be reliably distin
guished from several non-protected dragonfly species
(US Fish and Wildlife Service, 1999).
By the time that the Mine's emerald dragonfly was
identified as potenfially occurring in the project area it
was too late in the year to conduct field studies. Conse
quently, the initial evaluation was limited to a review
of existing resources — the wetland delineation report
for the project, color infrared aerial photographs of fhe
area, a soil survey report, topographic maps, and con
sultations with ecologists familiar with the pipeline
route. Although no areas were identified as high po
tential habitat for Mine's emerald dragonflies, nearly
25% of the project route crossed wetlands that were at
least marginally suitable for this species. Because the
understanding of what constitutes suitable habitat for
the Mine's emerald dragonfly is limited (particularly
in Michigan); the evaluation took a very conservative
approach. Avoidance of impact on the larval stages of
this species, through the use of horizontal directional
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drill techniques, was not considered technically fea
sible for two major reasons. The potentially suitable
habitats were found over such an extensive portion of
the project that they extended beyond the capability of
the drilling equipment. These areas were characterized
by shallow non-consolidated bedrock, in which there
is a high likelihood of drilling fluid escaping into the
wetland.
Based on the initial habitat evaluation, the HNF
concluded that more definitive information (e.g., sitespecific surveys) would be needed before further pro
ceeding with the environmental review for the project.
Because of the lack of information on habitat require
ments and the difficulty in accurately identifying larval
stages, the additional data could only be reliably col
lected during the adult flight period the upcoming
summer. The time window for the field studies, along
with uncertainties surrounding the results and possi
ble mitigation led to the decision to postpone construc
tion for one year into the summer of 2000. It should be
noted that all agencies involved in the review of the
proposed field study plan worked with Great Lakes to
expedite development and approval of the plan and
assure that it was ready for the summer survey season.
The additional field surveys for the Hine's emer
ald dragonfly were conducted in two phases. The first
phase included an early-season field visit to further
refine the prior identification of potential Hine's emer
ald dragonfly habitats. The second phase included an
adult flight survey to confirm the dragonflies' pres
ence or absence in areas affected by the Sault Looping
Project. Although biologists visited potential habitat
on two separate occasions during the peak adult flight
period, no Hine's emerald dragonflies were found in
the vicinity of the project.
As part of the environmental review, the HNF deter
mined that impacts on the vegetation and hydrology of
potentially suitable, but unoccupied, dragonfly habi
tats would be short-term and that wetland vegetation
and hydrology would return to preconstruction con
ditions within one to two growing seasons following
construction. Consequently, the HNF determined the
Hine's emerald dragonfly would not be adversely af
fected by the Sault Looping Project.

DISCUSSION

The lack of consistent, comprehensive data on the
distribution, life history, and ecological requirements
of rare and endangered species will continue to prove
problematic for projects under development that are
required to address potential impacts on endangered
species. A further complication is the fact that the
number of species being added to the federal list
of threatened and endangered species is growing,
and that the rate of new listings has increased over
time (Flather et al., 1994). Of particular concern is
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□ Endangered/Threatened ■ Proposed/Candidates

Fig. 4. Numbers of animals that are listed as endangered/threatened
or that are proposed/candidates for listing imder the Endangered
Species Act of 1973 {US Fish and W ildlife Service, 2000).

the current list of 295 species that are candidates or
proposed for listing under the ESA. These species
are represented by a preponderance of more obscure
and less ecologically well known species, particularly
invertebrates (see Fig. 4). Although it is has been
predicted that invertebrates will dominate the list of
species at risk in the future, relatively little is known
about the population status or life histories of most
invertebrates.
Detailed biological information for the more ob
scure and less popularly known species will most
likely continue to be deficient. The general public tends
to show bias towards large, charismatic species and
more funding is available for studying these species
(Czech et al., 1998). Consequently, much more infor
mation tends to be available on the ecology, population
status and distribution of the charismatic and readily
identifiable birds and mammals compared to species
such as insects and amphibians, which tend to hold
less popular appeal (Breck, 2000).
It is not uncommon for some to view environmental
regulations and natural resources agencies as a threat
to economic development and landowner rights. Al
though attempts have been made to weaken the ESA,
there is strong public support for species protection
and conservation (Czech et al., 1998). Nevertheless,
while legal mandates of the ESA remain largely un
changed and the number of species protected by the
ESA continues to increase, yearly expenditures on en
dangered species research and recovery appears to
be shrinking (US House of Representative Committee
on Resources, 1998). Invertebrate research and recov
ery efforts, in particular, only receive a fraction of the
money spent on mammals, birds, and fish (Czech et
al., 1998). Our limited understanding of the biology of
groups of organisms such as insects is likely to con
tinue to complicate regulatory compliance. It should be
stressed that although funding for endangered species
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is waning, the agencies are obligated to fulfill their re
quirements under ESA. The way that agencies fulfill
that obligation is to fund this research as survey re
quirements for projects similar to the Sault Looping
Project.
Given the linear nature of pipelines and other
corridor-oriented development (i.e., power lines, wa
ter pipelines, roadways, etc.), these types of projects
often cross a wide variety of ecosystems and/or habi
tat types. Although impacts may not always be viewed
as significant or permanent in nature, there is a high
potential for construction projects to encounter many
different endangered species that may have quite dif
ferent habitat and life history characteristics. Compli
ance with endangered species regulations is greatly
complicated due to the ever-changing, dynamic nature
of our knowledge of the species involved. As we learn
more about an individual species' life history, ecologi
cal requirements, and distribution, the species may be
added or removed from endangered species lists, and
methods to avoid or mitigate impacts on the species
may be updated. For example, during the two-year
environmental review process for the Sault Looping
Project the status of the Canadian lynx was changed
from "proposed" to "threatened" under the ESA; the
National Forest Service, Region 9, updated its sensi
tive species list to include 58 species not previously
included and the state of Michigan updated its list
of state-threatened and endangered species. Addition
ally, the Mine's emerald dragonfly was discovered in
the Upper Peninsula of Michigan during the environ
mental review process for the project and added quite
late in the process as a new study species.

consultations, project sponsors should consider mak
ing particular efforts to: (1) openly communicate with
agency personnel throughout the environmental re
view process; and (2) thoroughly evaluate known or
suspected issues early in the process.
Great Lakes went to considerable lengths to com
municate with the respective governing agencies early
in the planning process for the Sault Loop Project.
Steps were taken to identify agency concerns and
to communicate the company's goals to the agen
cies as well. A solid relationship was built between
both groups by maintaining honest, ongoing commu
nications. Despite these efforts, changes in personnel
within the HNF and the unexpected discovery of the
Mine's emerald dragonfly resulted in project delays.
Nevertheless, the long-term implications of building
positive working relationships with the MNF is ex
pected to be important for completing construction
and maintaining the right-of-way.
One additional aspect that has not been considered
in this paper is that of the "cost" of delays due to
dealing with an endangered species concern. This is
because the cost implications for a delay can take on
many forms and are different for each project. It can be
a simple monetary outlay by the project proponent, or
it can be more complicated, such as interruption of gas
deliveries. In the example of the Sault Looping Project,
the cost incurred to delay the project one year was
minimal compared to the potential mitigation costs of
dealing with the Mine's emerald dragonfly. Mitigation
costs were high enough for the company to consider
abandoning the project had the dragonfly been found
within the project area.
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Husky Moose Mountain Pipeline
Carol J. Engstrom and Guy M. Goulet

In 1998, Husky Oil Operations Limited (with partner, formerly Rigel Oil) and Talisman Energy in
1999, constructed a 27.0 km pipeline in Kananaskis Country to transport sour oil, solution gas and
produced water from Pad #3 on Cox Hill to the Shell Oil Jumping Pound Gas Plant for processing.
Kananaskis Country is a 4160 km^ "Plarming Area" that has both prime protection and multiple
use designations. Situated just west of Calgary, Alberta, Canada it has considerable recreational
and environmental value, including significant wildlife habitat. The original exploration and
subsequent pipeline construction applications required separate Alberta Energy & Utilities
Board (AEUB) public hearings with both involving significant public consultation. Prior to
drilling on the lands that had been purchased more than a decade ago, Husky adopted several
governing principles to reduce environmental impact, mitigate damage, and foster open and
honest communication with other industrial users, regulators, local interest groups, and local
aboriginal communities. During planning and construction, careful attention was paid to using
existing linear disturbances (seismic lines, roads, and cutblocks). A variety of environmental
studies, that incorporated ecologically-integrated landscape classification and included the use
of indicator species such as the Grizzly Bear, were conducted prior to and during the early
stages of development. The results of these studies, along with the information gathered from
the public consultation, historical and cultural studies, and engineering specifications formed
the basis for the route selection. Watercourses presented particular challenges during pipeline
construction. The pipeline right-of-way (ROW) intercepted 26 small water runs and 19 creeks.
Fishery and water quality issues were identified as important issues in the lower Coxhill Creek
and Jumpingpound Creeks. As a result, Jumpingpound Creek was directionally drilled at two
locations and all other watercourses were open-cut using low-impact techniques. To minimize
new ROW clearing, substantial portions of the pipeline were placed in the ditch of the existing
road. Husky attributes the success of this project to planning, broad community input and the
co-operation and buy-in by the project management team and construction companies.
Keywords'. Kananaskis Country, pipeline, directional drill, sour gas, public consultation

INTRODUCTION AND HISTORY

Kananaskis Country encompasses an area of over
4160 km^ located southwest of Calgary. It is an area
of high peaks, flowing streams, and home to many im
portant mammals and fish, as well as a heavily used
recreation area. People from all over Alberta and West
ern Canada visit the area to hike, canoe, fish, snowmo
bile, cycle, quad, ski, and participate in a host of other
outdoor pursuits. Industrial activities such as cattle
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grazing, logging and oil and gas development also oc
cur in Kananaskis Country. Although it is not a park, it
is managed by an Integrated Resource Plan (IRP) and
is nicknamed "Calgary's playground" (Fig. 1). Husky's
land is located in the Elbow/Jumpingpound Resource
management area and is overlapped by two zones of
the IRP, zone 5 (Multiple use) and zone 1 (Prime pro
tection) (Alberta Forestry, 1986).
Project philosophy

Prior to Husky planning any oil and gas development
in the area, six governing principles were adopted:
1. Consulting, openly, and early with all interested
parties.

C J. Engstrom and C M . Goulet

920

ENVIRONMENTAL SETTING

Fig. 1. Kananaskis Country overview.

2. Planning activities and facilities to allow co-existence with present and future uses of the area.
3. Preparing an environmental assessment for the de
velopment phase to ensure appropriate environ
mental measures are taken.
4. Reducing and where possible avoiding environ
mental impact through consultation, planning, de
sign, innovation, and technology.
5. Minimizing access and ensuring any new access is
compatible with future plans of Kananaskis Coun
try.
6. Coordinating industry activities so as to minimize
disturbance and duplication of infrastructure and

activity.
In 1990, Husky conducted a seismic program, which
led to a discovery well (02-23-12-07W5M) being com
pleted in March 1993. A well test was conducted and
the flow reached 125 m^'/day of oil and 70,000 m^/day
of gas and water. Following a public hearing and sub
sequent AEUB approval in 1994, a four-well drilling
program was initiated. The program resulted in three
oil wells (10-14-23-07W5M, Pad 1 and 02-27-23-07,
10-22-23-07W5M, Pad 3) and one gas well (12-12-2307W5M, Pad 2) completed in late 1995. Following this,
Husky applied to construct a pipeline to extract the
oil from Pad 3 in 1997 (Husky Oil Operations Limited,
1997).

The proposed pipeline route lies within the Southern
Foothills of the Rocky Mountains with the exception
of Pad 3 which lies at the edge of the front range
of the Rocky Mountains (Pettapiece, 1986). Elevations
along the pipeline route range from 1356 m at Jumpingpound Creek to 1768 m at Pad #3.
The surficial deposits along the pipeline route are
both glacial and post-glacial in origin. They consist
mostly of coarse stream alluvium and glacial till. Ad
ditionally, there are small areas of colluvium, alluvial
fans, and aprons, as well as outwash plains (Bayrock
and Reimchen, 1975).
Soils that formed under forest vegetation are pri
marily Grey Luvisols. The textures vary from coarse
sandy loam along the north end of the pipeline to a
finer clay loam near the south (Wyatt et al., 1943). The
soils in the vicinity of Jumpingpound Creek are Black
or Eluviated Black Chernozems that were formed un
der grass and forb vegetation (Wyatt and Newton,
1943).
The two major watercourses that the proposed
pipeline route crosses are Jumpingpound Creek and
Coxhill Creek. Jumpingpound Creek originates on
the Northwest slope of Jumpingpound Mountain and
flows for approximately 80 km to where it joins the
Bow River, near Cochrane, Alberta. Coxhill Creek
flows down Cox Hill into Jumpingpound Creek and
is classified as an intermittent stream (Anderson et al.,
1997) (Fig. 2).

PRINCIPLES OF DEVELOPMENT
Consulting, openly and early with all interested parties

From the onset in 1988 Husky tried to be very open and
straightforward about their plans for Moose Moun
tain. They held numerous kitchen table meetings with
residents and scheduled meetings with environmental
and recreational groups such as the Calgary Outdoor
Council, Canadian Parks and Wilderness Society, and
the Bragg Creek Environmental Coalition. Eirst Na
tions were given tours and held spiritual ceremonies,
blessings and inspections of the area. Newspaper ads
were delivered to over 40,000 homes in Cochrane
and Bragg Creek. In addition, nine Husky Oil Moose
Mountain Updates were mailed to over 100 peo
ple from industry, Non-Governmental Organizations
(NGO's) and area residents (Husky Oil Operations
Limited, 1997).
The Alberta Energy & Utilities Board (AEUB) com
missioned two public hearings to evaluate the projects.
The delineation drilling hearing occurred in 1994, and
the pipeline hearing was in 1997. In the 1994 hear
ing, two Eirst Nation groups and five emdronmental
groups voiced specific concerns with the proposed
project. The concerns of the Eirst Nations included the

Husky Moose Mountain pipeline

Fig. 2. Moose Mountain area pipeline options.

deterioration of their traditional hunting grounds and
possible restrictions on the use of the mountain for
spiritual ceremonies. Environmental concerns ranged
from local environmental impact, greenhouse gases,
wildlife and fisheries concerns to regional cumulative
effects. As a result of the first hearing a Traditional Na
tive Cultural Properties Study was completed by the
Tsuu T'ina Nation and Husky Oil (Husky Oil Opera
tions Limited and Tsuu T'ina Nation, 1995) as well as a
comprehensive environmental assessment (Husky Oil
Operations Limited, 1997). The results of these studies
are discussed later in the paper.
Planning of activities and facilities to co-exist with
present and future uses of the area

A recreational survey was conducted in the summer
and fall of 1994 to determine the type of people
who use Kananaskis Country (Usher and Jackson,
1995). The purpose was to determine what kinds of
recreational activities occur in Kananaskis Country
and the attitudes of fhe public towards oil and gas
development within its boundaries. Two surveys were
conducted targeting specific groups of Kananaskis
Country users. The summer target group was a broad
range of recreational users while the fall target group
was hunters.
Data from the surveys showed that the four most
frequent activities were sightseeing, hiking, picnick
ing, and camping. Of those who were classified as
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hikers and campers, 28.5% did not know oil and gas
activities were occurring in Kananaskis Country and
61.6% of these people considered themselves to be
poorly informed about the oil and gas activities occur
ring in Kananaskis Country. Forty two percent (42.5%)
of the hikers and campers were of the opinion that
oil and gas activities should not occur. In contrast,
only 14.6% of the hunters surveyed stated that oil and
gas activity should not occur in Kananaskis Country
(Usher and Jackson, 1995).
This led Husky to believe that the hikers and
campers were more sensitive to oil and gas activities
than the hunters. In response to these concerns, Husky
designed a pamphlet in the summer of 1998 and two
signs to inform hunters, hikers, and campers about
their activities during the construction phase of the
project.
The pamphlet was created to detail the construc
tion activity in the Moose Mountain area. It outlined
Husky's governing principles and the conservation
measures that were incorporated into the construction
of the pipeline. One thousand copies of the pamphlet
were printed and made available to the public in four
key-areas around the Moose Mountain area. The two
information signs were designed and permanently dis
played in four areas of high traffic (both hiking and
vehicular) to inform the public on the status of the
project as well as some results of the environmental as
sessment that was completed prior to construction.
Preparing and incorporating an environment
assessment into the development phase

In 1992 prior to the initial road construction an eco
logical inventory and several environmental studies
were completed. From these studies a route for the
exploration road and a possible future pipeline route
was chosen. In 1992 geographical information system
(GIS) technology was in its infancy. Several sections
of the route would have been repositioned if the
road were to be built today. In 1997 after the suc
cessful complefion of the sour oil well on Pad 3 a
new AEUB application and more environmental stud
ies were commissioned. Upon completion of these
studies, considerations given to engineering and pro
duction specifications, EUB regulations (i.e., sour gas
pipeline setbacks) and existing disturbances, three
pipeline routes were presented (Tera Environmental
Consultants (Alta) Ltd., 1997) (Fig. 2):
- the proposed route,
- the south Jumpingpound variation, and
- the Hwy 68 variation.
The examples below demonstrate how Husky used
the information to settle upon the actual pipeline route.
Vegetation
One of the surveys conducted prior to pipeline con
struction was a multi-scale ecological land inventory
and classification study. The study had three goals
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[Kansas and Collister, 1997(a)]:
- to classify the land into Ecologically Integrated
Landscape Units (EILU),
- to evaluate habitat suitability for 12 indicator wild
life species using these EILU, and
- to characterize the vegetation and site conditions for
the region.
A total of 117 unique EILU were classified and
these were further grouped into 76 Wildlife Habitat
Ecological Units (WHEU). Of the EILU's that were
classified, several in the foothills parkland and lower
foothills were rated as being in low supply. In the
foothills parkland: Lodgepole pine forests of all slope
and aspect, steep south-west facing white spruce and
mixwood forests, and steep north-east facing grass
land. In the lower foothills, native grasslands, gently
sloping conifers and deciduous dominated mixwood
[Kansas and Collister, 1997(a)]. The proposed route did
not traverse any vegetative units that were in low sup
ply.
The highest level of overall vegetative richness was
found in the mixedwood forests especially in the
foothills parkland and coniferous-dominated mixedwoods of the lower foothills [Kansas and Collister,
1997(a)].
A study was conducted to determine the pres
ence and frequency of rare plants along the pipeline
route. One provincially rare plant, the Dwarf Fleabane
{Erigewii radicatus) which inhabits dry gravelly alpine
habitat was found on Moose Mountain. There were
four regionally rare plants found namely Simple Kobresia (Kobresia sirnpliuscula), Heart-leaved Twayblade
{Listen} cordata), Five-leaved Bramble {Rubus pedatus),
and Alpine Mitrewort (Mitella pentandra). These plants
were found in a small, wooded wetland located north
of Pad #3 and within a fen on the Demonstration For
est Loop near Highway 68. The pipeline was deflected
slightly near Pad #3 to avoid a rare plant community
(Wallis and Usher, 1995).
Wildlife
A survey of the wildlife in the 11 vegetation cate
gories found 199 bird species, 55 mammal species and
ten species of reptile. Wildlife habitat suitability in
dices (HSI) were developed for four large mammals,
two small mammals, and six bird species. Indicator
species for the study were grizzly bear {Ursus arctos
horribilis), moose {Alces alces), elk (Cerims elaphiis), and
black bear (Ursus americmius), meadow vole (Microtits pennsylvanicus), and the marten (Martes americana).
The birds chosen were the northern goshawk (Accipiter
geiitilis), American pipit (Antlnis rubescens), pileated
woodpecker (Dryocopus pileatus), blue grouse (Dendrngapus obscurus), ovenbird (Seiuris aurocapillus), and the
alder flycatcher (Empidoiiax elnoriim). In addition, the
grizzly bear was chosen for a cumulative effects assess
ment [Kansas and Collister, 1997(b)].

During the evaluation of the three routes the pro
posed route was deemed more suitable because it
avoided some very high spring, early fall and late fall
habitat however it did transect some better denning
grizzly habitat. In addition, the proposed route averted
some very high black bear, elk, moose and alder fly
catcher habitat [Kansas and Collister, 1997(b)].
Amphibian and reptile surveys were conducted and
two species of frogs were found on the large clearcut areas along the road; boreal toads (Biifo boreas) and
wood frogs (Rntta sylvatica). Additionally, wood frogs
along with Chorus frogs (Pseudacris triseriata) were
found in the wetland area of Fredrick and Darnell lakes
(Powell, 1997).
Fish
There were fish studies conducted in 1994 (Colder
Associates Ltd., 1996), 1997 and 1998 (Tera Environ
mental Consultants (Alta) Ltd., 1998). A total of seven
fish species were encountered in the Study Area. They
included brook trout (Salvelinus fontinalis), bull trout
(Salvelinus confliietitus), cutthroat trout (Oncorhynchus
clarki leivisi), rainbow trout (Oncorhyttchits mykiss),
mountain whitefish (Prosopiuin williamsoni), and moun
tain sucker (Catostomas platyrhyticus) (Colder Asso
ciates Ltd., 1996; Tera Environmental Consultants (Alta)
Ltd., 1998). There were no fish found in the upper
reaches of Coxhill creek; however, near the confluence
with Jumpingpound Creek brook trout and some cut
throat trout were found. All seven species of fish were
found in Jumpingpound Creek at varying numbers
throughout the season. To protect the fish habitat and
the riparian zone two directional drills under Jumping
pound Creek were plarmed.
Archaeology
A comprehensive Historical Resource study was com
pleted in 1997. Ten pre-contact sites, two historic sites
and a number of historic structures were found within
1 km of the pipeline route (Fedirchuk McCullough &
Associates, 1997). The results of the route evaluation
determined that the south Jumpingpound variation
avoided the archaeological site near Jumpingpound
Creek (Tera Environmental Consultants (Alta) Ltd.,
1997) while the proposed route crossed through the
site and the Hwy 68 route came close to the sites.
As a result of the AEUB Public Hearing in 1994
a Traditional Native Cultural Properties Study was
completed in 1995. This study identified several impor
tant traditional pursuits and associations with Moose
Mountain. Another study was conducted with the
first Nations in 1998. The First Nations have used the
Moose Mountain area since the late 1800's for religious
practice, hunting, trapping, fishing, plant collecting,
and ethnobiology.
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Route analysis
In the final analysis, the proposed route was chosen
because it paralleled existing disturbances for 94% of
its length, traversed more gentle terrain, and averted
some important wildlife habitat. In addition it met
all requirements for EUB sour gas pipeline setbacks.
However, its disadvantages were two additional cross
ings of Jumpingpound Creek, the proximity to the
Demonstration Forest Loop and the location of an
archaeological site at Jumpingpound Creek (Tera En
vironmental Consultants (Alta) Ltd., 1997).
Integrating environmental planning, construction and
technology

The Moose Mountain Pipeline project used fairly con
ventional construction techniques for much of the
pipeline, but to lessen the envirorunental impact sev
eral variances from convention were implemented.
Clearing was limited to less than 25.2 ha (from the
planned clearing of 39.3 ha) by using existing linear
features such as existing cut-lines, seismic lines, old
logging trails, and placing the pipe in the bar ditch of
the road (Goulet, 1999).
Environmental issues related to stringing and weld
ing operations for conventional pipelines include dis
turbance to vegetation, mixing of soil types, surface
rutting, soil compaction, and potential barriers to wild
life movement. Generally, the weight of the stringing
truck/trailers combined with the high frequency of
passes has the greatest environmental impact during
pipeline construction. Because both the stringing and
welding crews were quite small and construction pro
ceeded at a low pace, overall impacts to vegetation
were not observed (Goulet, 1999).
During construction, gaps in the welded pipe string
were provided to maintain access across the ROW for
wildlife and cattle. Along the Coxhill Creek Husky
road, all pipe activities were compressed into 1-km
sections and made concurrent, so that from the time
the pipe was strung, welded, lowered-in, and back
filled, not more than 24 h passed (Goulet, 1999).
The ditching crew commenced at Kp 11 -I- 200
and worked towards kickoff at Pad #3, directly after
welding. X-ray, and coating. Track hoes were used for
all ditch advancements. Prior to ditching, additional
upper surface material was salvaged and stored at
the edge of the ROW, usually between trees for easy
retrieval upon cleanup. Ditch spoil was placed on the
road surface and used as the work surface by the pipe
lower-in crew. This process limited most rubber-tired
traffic to Pad #3 (Goulet, 1999).
Cleanup was initiated immediately following back
fill activities to ensure that erosion control measures
and watercourse restoration could take place. Slopes
and watercourses were restored to original pre-con
struction contour. Swails were replaced on slopes to
maintain cross ROW drainage and surface diversion
berms were installed to prevent washouts and surface
erosion (Goulet, 1999).
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Directional drilling
Typically, watercourse crossings associated with pipe
line construction can present environmental challenges,
including the harmful alteration, disruption or de
struction (HADD) of aquatic habitats and the impair
ment of water quality. Impacts on aquatic resources
may result from in-stream and near-stream work, inef
fective clean up and restoration near the watercourse,
or from fuel or other hazardous material spills (Goulet,
1999).
The primary issues associated with the Moose
Mountain Pipeline project included; maintaining clean
flowing water by using isolation techniques, installing
bridge spans on watercourses with confirmed fish
presence, direct grading away from the watercourses,
storing trench spoil beyond the wetted channel, and
implementing sediment control for the watercourse
crossing, as required (Goulet, 1999).
The Pipeline project intersected several watercours
es including Coxhill Creek (13 times), Jumpingpound
Creek (3 times) Little Jumpingpound Creek, Darnell
Lake, and Frederick Lake drainage, and some addi
tional minor drainages. The lower Coxhill Creek and
Jumpingpound Creek were identified as having the
most significant fisheries and water quality issues as
sociated with pipeline construction. The upper Coxhill
Creek, Little Jumpingpound Creek, and the two lake
drainages (i.e., Darnell and Frederick) had no fisheries
issues identified at the time of the initial assessment,
and were deemed to be appropriate for simple open
cut crossings (Goulet, 1999).
In order to protect local fish habitat, wildlife corri
dors, recreational space and important riparian habi
tat, the three Jumpingpound Creek crossings were
assessed for geotechnical suitability for a trenchless
crossing using a horizontal directional drill technique.
This study indicated that two of three crossings were
most suitable for directional drill, and the third cross
ing at the highway was unsuitable because of thick
gravel seams on both sides of the creek. Husky com
mitted to attempting the first two crossings of Jump
ingpound Creek using the directional drill method,
even though gravel seams were also found on one or
both sides (Goulet, 1999).
All the watercourse crossings were constructed un
der an AEP Water Resources Act Permit. Plarming
included pre-construction preparation, construction
methodology, site restoration, construction drawings
and scheduling (Goulet, 1999).
To prevent frac-out of mud in the creek, the min
imum depth of the drilling trajectory was calculated
assuming a fracture gradient of 17 kPa/m. None of the
drills experienced frac-out.
Jumpingpound Creek at Kp 11 + 600 and Kp 13 + 930
The geotechnical assessment for this watercourse
crossing indicated suitable conditions to warrant an
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attempt at a horizontal directional drill. The Cross
ing Company of Nisku, Alberta was commissioned to
perform the drill. The Crossing Company compressed
the drill set-up to accommodate a narrow and long
configuration for a location on the Demonstration For
est Road. Workspace of 5 m x 40 m was acquired,
but was not used. Therefore, no additional clearing
was required. An Emergency Response Plan (ERP) was
submitted to ITusky in the event of a release of drilling
fluids, to either the creek itself or the surrounding
work area (Goulet, 1999).
Case pounding to bedrock and stringing of the 3",
4", and 6" future blank line pipe for the creek section
was initiated. The pilot hole exited successfully in a
meadow beside the creek without incident after only
seven days. The hole, which was eventually widened
to a maximum diameter of 17", was completed approx
imately 14 days later. Einal cleanup, including topsoil
replacement, seeding, and harrowing was conducted
immediately after tie-ins and backfill (Goulet, 1999).
The second directional drill of Jumpingpound Creek
was approved after the results of the fish assessment
(REF) and the geotechnical assessment. However, the
Crossing Company requested a change to the original
drill path and length during an early pre-drill assess
ment. This increased the overall length of the drill, but
it was believed to be an easier path and, therefore,
more favorable for success. Fourteen days after the pi
lot hole, the creek section of pipe was pulled to the rig
side (Goulet, 1999).
Coxliill Creek
Discussions about timing, procedures, and regulatory
requirements between the Contractor and Husky Con
struction staff were conducted prior to any of the
thirteen crossings of Coxhill Creek. The Environmental
Protection Plan (EPP) indicated that relatively simple
wet crossings (open cut) could be executed regard
less of the flow regime of the upper Coxhill Creek.
However Fisheries Management staff, requested that
isolation or diversion techniques be implemented if
any flow were present at the time of pipeline instal
lation (Goulet, 1999).
To begin the diversions the contractor blocked off
a cuK^ert along the road to create a dam. An electric
pump was placed upstream of the dam and pumped
water around a rock outcropping and into an old me
ander of Coxhill Creek. This meander and natural
streambed provided excellent opportunity for natural
filtration of sediments by the many natural sumps and
moss hummocks downstream. Eventually, approxi
mately 250 m downstream, the old channel joined with
the active channel and stream flow was maintained
(Goulet, 1999).
Simultaneously, at a tributary crossing that origi
nated uphill from the road, a dam and pump were
placed in a natural hollow and water was pumped
through the culvert in the road. Following this the

contractor had control of all stream flow for approxi
mately 300 m and water was diverted away from the
ditching activities, leaving a relatively dry ditch. Ditch
ing simultaneously from both ends at Kp 5 -F 600 and
K p 5 + 300 using three track hoes allowed the entire
300 m section to be lowered-in and back-filled imme
diately. Creek sections were roughed in to approxi
mate pre-construction bed and bank levels and dimen
sions with local material. Finally the upstream dam
was removed and returned flow to the original, pre
construction watercourse (Goulet, 1999).
Sediment mitigation measures during the entire op
eration included the use of straw bales with filter cloth
at outlets of culverts and in downstream placements.
Additional protection measures included; minimum
grading to approaches of creeks, no clearing for mater
ial storage and having all ditch spoil placed on the road
and contained in-situ by proper material handling by
experienced operators. Erosion control measures in
cluded rock armoring of large downstream culverts
and bends. Creek beds were contoured and additional
rock was placed where appropriate to prevent future
erosion impacts (Goulet, 1999).
Historical resources
A number of mitigation steps were taken to protect
the three historical and cultural resources sites which
had been identified at Kp 5 -t- 300, Kp 13 + 930 and
Kp 19 + 600 (Eedirchuk McCullough & Associates,
1997). A rock of cultural importance at Kp 5 -I- 300
was encircled with steel posts and chain to protect
it during construction. The site at Kp 13 -F 930 was
averted by extending the directional drill of the second
Jumpingpound Creek crossing while Kp 19 -F 600
(intersection of Hwy 68) was avoided with a relatively
minor re-route and a 35 m dry bore under the highway
and the site at (Goulet, 1999).
Minimizing access and ensuring any new access is
compatible with future plans of the Kananaskis Country

There are six priorities of Kananaskis Country, as
stated in the IRP, which form the regulatory basis for
operating in Kananaskis Country (Alberta Forestry,
1986). Table 1 describes what measures were taken
to construct the pipeline in accordance with these
principles.
General reclamation
As part of commitments made by Husky, a number of
areas required tree planting along the Moose Mountain
pipeline ROW and areas across Spray Lakes cut blocks
to ensure reforestation was kept consistent with exist
ing efforts. Seedlings were acquired from Water Valley
Tree Nursery with approval from Spray Lakes. The
two species planted were Lodgepole Pine (Pinus contorta) and White Spruce {Picea glauca). Approximately
5000 seedlings were planted. On one occasion a group
of 40 students from Strathcona-Tweedsmuir School

Husky Moose Mountain pipeline
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Table 1. Mitigation measures taken to fulfill the priorities of Kananaskis Country
Priorities

Measures taken

1. To maintain water quality quantity and flow regime.

There were no measurable increases in sediment load to the streams
during construction for the following reasons: isolation
techniques were used, bridge spans on watercourses with
fisheries capability were installed, grading was directed away
from the watercourses, trench spoil was stored beyond the
wetted channel, and sediment control was implemented for all
crossings.

2. To provide a wide range of recreational, leisure and tourism
opportunities.

The construction schedule was planned to minimize interference
with peak recreational periods.

3. Maintenance of the abundance, diversity, distribution and
recreational use of fish and wildlife resources.

The results of the environmental studies showed the study area
contained important wildlife and fish habitat. As a result
Husky routed the pipeline accordingly.

4. To provide for the management and development of renewable
natural resources.

Used existing disturbances where feasible and worked
co-operatively with other land users (Spray Lakes Sawmills) and
government agencies to achieve this goal. To minimize access,
controls were implemented: public motorized vehicles were
prevented from using the road and logging slash and stumps
were rolled back onto the ROW.

5. To protect historical and archaeological resources.

The pipeline was routed around/under areas of historical
significance.

6. Maintenance and encouragement of research, educational and
interpretation programs.

By creating public information signs and pamphlets Husky hoped
to increase awareness and education about oil and gas activities
in Kananaskis Country. Environmental Assessment and Ecologi
cally Integrated Landscape mapping contributes significantly to
knowledge of the study area. The co-operative Tsuu T'ina-Husky
Cultural study adds knowledge of Native history in the Moose
Mountain area.

participated in the planting of the seedlings. This gave
them the opportunity to learn about pipelines and
Husky's environmental responsibility when conduct
ing operations in a sensitive area.
As part of Husky's commitment to reclaiming dis
turbed sites in association with its activities, Husky
construction staff hydro-seeded the steep slopes and
the cut and fill slope faces of Pad 3. This was partially
successful and will be repeated in the summer of 2000.
The ROW was seeded with three native grass seed
mixes, an agricultural zone mix, a forest zone mix and
a steep slope and stream bank mix.
Coordinating industry activities to minimize disturbance
and duplication of infrastructure and activity
Original construction planning and timing for sched
uled pipeline activities had the project divided into
three (3) sections. They were as follows:
- section 1 from Kp 0 -t- 000 to Kp 11 -I- 000 along the
Coxhill Creek portion;
- section 2 from Kp 11 -|- 000 to Kp 18 -I- 000 to include
the Demo Forest and the majority of the Green Area;
and
- section 3 from Kp 18 -I- 000 to Kp 26 -|- 200 through
the White (Public Lands and Private) Area.
Timing or scheduling for pipeline construction had
section 1 from June 25 to July 29; section 2 from

August 30 to September; and section 3 from July
30 to August 29. Changes to scheduling came into
effect almost immediately. Section 2 was compressed
to include only the Demonstration Forest portion with
no time constraints on the Green Area portion from
Homestead Road (Kp 13 -1- 3400) to the third crossing of
Jumpingpound Creek #3 (Kp 19 -I- 350). Originally this
section was to be constructed last so that construction
activities and disturbance to tourists and other users
might be minimized. However, the directional drill
activity at the first Jumpingpound Creek crossing
was on-going during late June to early August, so
authorization was granted to close the Demonstration
Forest Road (i.e., gate with information signage) to
the public for both safety and environmental reasons,
as construction of the pipeline proceeded. The only
other stipulations for construction was that no pipeline
construction, except the directional drill, could occur
in the Demonstration Forest portion on the weekends
during the summer months (Goulet, 1999).

CONCLUSIONS

Appropriate planning, environmental assessment, reg
ulatory and public participation contributed signifi
cantly to the successful construction of the 26.2-km
pipeline in this sensitive ecosystem in Kananaskis
Country.
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Development of Pipeline Reclamation
Criteria for Alberta
A.W. Fedkenheuer, W.W. Pettapiece, J.D. Burke, and L.A. Leskiw

Development of Alberta's oil and gas industry has led to a proliferation of pipelines in
the province. All pipelines constructed in Alberta require a reclamation certificate before the
proponent is released from further reclamation liabilities. In order for the land disturbed by
construction, operation, or abandonment of the pipeline to be certified, the land must have
equivalent land capability to that which existed prior to the disturbance. The approach that has
been used for well site reclamation success evaluation is a parameter-by-parameter comparison
and pass/fail system. In this case each parameter must pass or the site fails. In late 1996,
NOVA Gas Transmission Ltd. undertook to assemble a group of government regulatory and
non-regulatory personnel, industry and third party individuals to develop a more integrated
capability-based evaluation system. Following a merger in 1998, TransCanada Transmission
continued to be a major sponsor of this group. Various approaches were field tested in 1997,
1998, and 1999. A recommendation report was completed in late 1999. This paper reports on the
process used, the results, and the current status of the criteria.
Keywords: Reclamation evaluation, reclamation criteria, reclamation standards, reclamation suc
cess, soil assessment, evaluation tool

INTRODUCTION

Pipelines are generally buried and rarely are seen
because the soil over them continues to support pre
disturbance activities such as agriculture or forestry.
However, even though most people are not aware of
the presence of pipelines, concern about the environ
mental impacts from construction of pipelines has led
to legislation governing their construction, operation,
and decommissioning.
Within Alberta there was no legislated require
ment for the reclamation of disturbed lands prior
to 1963 when the Surface Reclamation Act was en
acted (Brocke, 1988). Ten years later, in 1973, the Land
Surface Conservation and Reclamation Act was pro
claimed. This new Act required that environmental
protection and reclamation be part of development
planning (Landsburg and Fedkenheuer, 1990). A re
view and approval system that included Environmen-
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tal Impact Assessments and Development and Recla
mation Approvals was subsequently implemented.
Regulatory changes were made in 1983 and again in
1993 with the passage of the Alberta "Environmental
Protection and Enhancement Act" (Alberta Environ
mental Protection, 1994).
The 1993 legislation contained a requirement to
return land disturbed by pipeline construction to an
equivalent land capability at the time of abandonment
(when the pipeline is no longer to be used, irrespective
of whether the pipe is removed or left in place).
Equivalent land capability is currently defined as, "The
ability of the land to support various land uses after
reclamation is similar to the ability that existed prior to
any activity being conducted on the land, but that the
individual land uses will not necessarily be identical"
(Powter, 1998).
The requirement for equivalent land capability at
the time of application for a reclamation certificate
implies the need for criteria to measure equivalent
land capability. Some documentation is required to
enable the regulator to acknowledge that the area
is suitably reclaimed and to release the proponent
from further reclamation liability, as well as to assure
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the public that a suitable reclamation job has been
done. This documentation has been difficult to obtain
agreement on and it has been the subject of discussions
since the mid-1980s. The definition of reclamation
success and how to measure it was the topic of
a workshop in 1992 (Mahnic and Toogood, 1992).
Following the workshop, focus shifted to well-site
reclamation criteria development where a parameterbased checklist was developed and used. For these
areas, specific individual parameters are compared on
and off the well-site and each must pass or the site fails.
For example, the soil pH on the well-site must closely
match that on the adjoining control area. If it does not,
the well-site site fails it's assessment, even if all of the
other assessed parameters are as good or better than
the control.
It has been suggested that the well-site system be
used for pipeline rights-of-way assessments as well. It
has also been suggested that a land capability rating
system be used, such as has been used in Canadian
agriculture for many years (Agronomic Interpretations
Working Group, 1995). In either case, modifications
may be required to each system if it is to be applied to
pipelines. In 1996, NOVA Gas Transmission offered to
take the lead in working to develop a land capability
rating system, to demonstrate what it might contain,
and how it might work for pipeline reclamation assess
ment. This paper addresses the approach, the results,
and the current status of the approach.

PROCESS

In 1995, as interest in reclamation standards for pipe
lines again began to increase, several joint government/industry working groups were established. In
mid-1996, a version of the well site reclamation crite
ria was modified and suggested for consideration as
pipeline reclamation criteria. This was unacceptable to
many industry representatives.
In fall, 1996, NOVA assembled a team to investi
gate developing a capability-based assessment tool for
evaluating pipeline right-of-way reclamation success.
This group, the NGTL (NOVA Gas Transmission Ltd.)
External Soils Advisory Board consisted of represen
tatives from government regulatory bodies, industry,
and independent experts. NOVA provided much of
the administrative support as well as the chair (A.W.
Fedkenheuer) and assistant chair (J.D. Burke). A key
component of this Board was that some members were
nc^t directly involved in oil and gas from an industry
or government regulatory perspective. These individ
uals brought both a practical and scientific perspective
to the Board, as well as considerable experience.
The Board's primary short-term objective was to
develop a tool to evaluate the success of reclama
tion along pipeline rights-of-way. There was much
discussion as to when this tool would be applied.

either at post-construction or upon abandonment of
the pipeline or at both times. It was agreed that
the Board would focus on abandonment criteria that
would be applied at the end of the life of a pipeline.
In this way, the operator would know, in the planning
stages of construction, what would be measured at the
end. This approach would encourage good planning
of soils handling and other environmental issues dur
ing construction in order to minimize reclamation costs
and landowner concerns over the life of the pipeline.
In Alberta, the life span (time to abandonment) for
a pipeline can vary from as little as three years (or less)
to 50 or more years. The shorter three to ten year life
span pipelines typically are those in gathering systems
that come from a number of well-heads to a central
collection area. When the well runs dry, the pipeline
is abandoned. The much longer life span pipelines are
those in the main line transmission systems that carry,
for example, natural gas out of the province to Eastern
Canada or into various areas in the United States. All
pipeline rights-of-way, except those pipelines which
are plowed in, are subject to obtaining a reclamation
certificate upon their being abandoned (no longer to
be used).
Important requirements of the reclamation evalua
tion tool as identified by the Board were:
- scientific validity,
- identification of important environmental parame
ters,
- a clear description of how to measure those environ
mental parameters,
- relatively easy usage,
- cost-effectiveness, and
- provision of reproducible results.
An initial decision was to evaluate systems and
processes already available rather than build new sys
tems. However, in the end, it was decided that a visual
assessment needed to be developed. As well several
others needed to be developed, one with a more de
tailed level than the visual, but not requiring labora
tory analyses, and another requiring laboratory analy
ses. The Land Suitability Rating System (Agronomic
Interpretations Working Group, 1995) and a version
of the well-site reclamation criteria system (Well-site
Criteria Working Group, 1995) were also tested. Along
with these systems, a landowner reclamation evalua
tion form was also developed.
Following agreement on the systems to use, the
Board retained three senior consultants to take the
systems to the field and evaluate their performance.
In October and November, 1997, the consultants were
sent to three areas of central Alberta to test the systems
on five pipeline segments in each area. The consultants
were not at the same site at the same time, nor
did they discuss their findings with each other until
after their reports had been submitted to the Board.
The Board visited each consultant individually at a
different pipeline location. Subsequent to the receipt of
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the reports, three members of the Board summarized
the consultant reports into one summary report.
The Board used the results of the 1997 field evalua
tion and the consultant recommendations to revise the
evaluation tool into a three-step process for the 1998
field season. One step was a landowner reclamation
evaluation form that reflects the parameters being as
sessed by consultants. The other two steps, a Phase 1
and a Phase 2 assessment, were conducted by consul
tants. In practice, only if an area failed the Phase 1
portion is the assessment to continue under a Phase 2
evaluation consisting of a more detailed soil assess
ment. However, for this field test, both the Phase 1 and
2 were conducted on all sites to provide information on
whether parameters of importance were being missed
in Phase 1.

FIELD PROTOCOL

The results of the 1997 field test led to the develop
ment of a general field protocol for system applications
as well as a two-phase pipeline reclamation assess
ment process manual [NGTL External Advisory Board,
1999(b)]. In addition, a process was developed for
obtaining the landowner's assessment of the reclama
tion on his property [NGTL External Advisory Board,
1999(a)].
The field protocol manual covers field procedures
such as developing map units, how to handle problems
or spot units, selection of controls, transect location,
minimum size area to evaluate, how to deal with
variability and how to handle with special circum
stances where an over-ride may be appropriate. Also
discussed is how to determine whether a transect, and
also a pipeline segment, should pass or fail (see next
section). Recommendations are included for what pre
field preparation should be undertaken as well as for
field procedures and how to approach the final assess
ment and reporting.
The Phase 1 assessment involves a relatively quick
overview of landscape, soils, and vegetation compo
nents. The factors evaluated in the landscape compo
nent are surface drainage, coarse fragments (number
of stones, wood fragments, amount of gravel), and
micro-topography. Eactors to be evaluated in surface
soil are soil color (estimate of soil organic matter con
tent) surface aggregate size and strength (evaluation of
compaction, soil admixing), and soil texture. Vegeta
tion factors in Phase 1 are plant growth (plant density,
cover, height, health) and species composition (fo
cussing on unsuitable species including weeds).
In Phase 2 there is an emphasis on soil condi
tions to help determine both the specific causes for
problems identified in Phase 1 as well as possible solu
tions. Phase 2 is to be implemented on those transects
and pipeline segments that fail Phase 1. Both mineral
and organic soils are addressed in the primary areas
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of water-supplying ability, various surface and sub
surface factors, and internal drainage. This phase is
based on a modification of the Land Suitability Rating
System (Agronomic Interpretations Working Group,
1995).
The landowner evaluation addresses similar factors
to those in the Phase 1 level. Specific parameters are:
surface drainage/ponding, stoniness, surface rough
ness, topsoil color, surface clods, tilth, plant cover or
density, crop yield, crop growth, plant species, and
weeds. The landowner is also asked for an overall as
sessment of the right-of-way on his land with respect
to whether it is similar to the off-right-of-way or at
least 20% better or worse.
The 1998 field study covered a range of ecological
conditions in Alberta. This included approximately
five pipeline sites in the dry Prairies, salt-affected and
clayey soils in the Aspen Parkland region, the southern
Boreal Porest, and the foothills Montane. All areas
included both cultivation and grazing land uses.

RATING SYSTEMS

The explanation of the rating system in this section
is, by necessity, a brief overview. Por a more detailed
explanation of the system, the reader should obtain
a copy of the manual and see pages 15-17 [NGTL
External Advisory Board, 1999(b)].
Phase 1

In the Phase 1 assessment the emphasis is on visible or
surface attributes and a comparison between the rightof-way (and the trench if visible) and off-right-of-way
control areas. The assessment includes documentation
of both positive and negative differences between the
areas, but only the negative values are considered for
the determination of pass/fail. The conditional rating
initiates a re-evaluation of the map unit and either a re
mapping into more units, a ratings change or a Phase 2
evaluation.
The conditions for pass or fail of a site by the Phase 1
rating are:
Pass — no negative results or one " —1" rating of any
factor
Conditional — two " - 1 " ratings for any combina
tion of factors
Pail — a " —2" rating for any factor or three (or more)
" —1" ratings
Phase 2

Por the Phase 2 assessment the emphasis is on a more
detailed investigation of soil attributes that may be
responsible for failures or for conditional passes. The
right-of-way (and the trench if visible) is compared to
an off-right-of-way control that is carefully selected to
be representative. As with Phase 1, both the positive
and negative differences between the right-of-way and
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control sites are recorded, but only the negative values
are considered for the determination of a pass/fail.
The conditions of pass/fail of a transect by Phase 2
are:
Pass — any rating that is within the defined toler
ance of 20% of the Control (>80% of fhe Control)
Conditional — any rating that is just outside the
equivalent tolerance (65-80% of the Control)
Fail — any rating that is significantly less than the
Control (65% of fhe Control)
The location of the failures should be documented
as to trench or the general right-of-way for segment
rating and review purposes. There is a 20% buffer to
recognize natural field variation in both the right-ofway and the adjacent field. That is, within a given field,
fhere is expecfed to be natural variation of at least plus
or minus 20% from any given sample point in the field.
Line segments

A line segmenf is any designated length of righf-ofway, but it is normally 1/2 to 1 mile (0.8-1.6 km) to
try and correspond to common legal ownership units.
It may contain one to several map units or it could be
related to natural features for tracts where ownership
is not an issue.
For Phase 1, any line segment shall pass if there is:
- <50 m of continuous right-of-way (or trench) failure,
- <100 m of accumulated length of non-confinuous
failures (problem spots, small map units), and
- there are no areas (no size limit) that present a safety
hazard.
If the above three requirements are met, but there is:
>150 m of "conditional" rating in a line segment then
a Phase 2 assessment must be conducted.
For Phase 2, any line segment shall pass if there is:
- <50 m of confinuous right-of-way (or trench) failure,
- <100 m of accumulafed length of non-continuous
failures (problem spots, small units)
- <150 m of "conditional" rating, and
- there are no areas (no size limit) that present a safety
hazard.
The 150 m of right-of-way represents about 20% of
1/2 mile (0.8 km) and any attribute causing a reduction
of >50% of the control should be noted.
Landowner evaluation

The landowner evaluation is completed by the owner
(or occupant) and includes an assessment of landscape,
soils, and vegetation parameters similar to those in
Phase 1 and 2. The landowner is requested to check
the appropriate box corresponding to whether they
thought the pipeline right-of-way was: "at least 20%
better than," "as good as," or, "at least 20% worse
than" the adjacent representative off-right-of-way con
trol area. The landowner is also asked to provide an
overall general assessment of the right-of-way using
the same three categories.

RESULTS
1997 study

A result from the 1997 field study was that there was
considerable variability in the rating systems, and also
between consultants using the same system, when
comparing the on-right-of-way areas fo the off-rightof-way areas.
In 1997 particular attention was paid to topsoil
depth and the variability of fhis parameter. Across the
18 quarter sections (65 ha or 160 ac) in the study, the
average topsoil depth was 16 cm (± 8 cm) both on and
off the pipeline right-of-way. One consultant reported
finding 10-26 cm of topsoil, another reported finding
10-19 cm and the third consultant reported 12-26 cm.
Because these readings were all for the same 65 ha and
were obtained by qualified soils professionals, these re
sults are a reflection of the natural variability within
a normal agricultural field. It was concluded that, be
cause of this natural variability, topsoil thickness alone
is a poor indicator of reclamafion success. Systems that
relied heavily on topsoil depth as a measure of recla
mation success had failure rates of greater than 40%.
This is because the on and off-right-of-way "paired"
samples varied too much from each other. Removing
the topsoil depth parameter resulted in failure rates of
about 15%.
About 73% of the 183 right-of-way transect failures
were the result of visual parameters. This means many
of the failures were apparenf to the evaluator before
subsurface parameters were evaluated.
1998 study

In the 1998 field study, pipeline segments were evalu
ated in 32 quarter sections (160 acres/65 ha) by each of
three consultant companies in August and September
by applying both Phase 1 and Phase 2 to all areas. On
44% of the line segments all three consultants agreed
on pass or fail for the Phase 1. Of the remaining ar
eas, in 34% of the cases two of three consultants passed
them and in the remaining 22%, two of three consul
tants failed them.
In 66% of the Phase 2 assessments, all three consul
tants agreed (all were passes). Of the remaining line
segments 28% were rated as passes by two of three
consultants and 6% were rated as fails. There were no
cases where an area passing Phase 1 was failed un
der the Phase 2 assessment (note that for this testing
both Phase 1 and 2 were done on all sites to provide
insight as to whether the system was working. In prac
tice, a Phase 2 would only be done where sites failed
Phase 1). This supported a basic premise of the twophase system which was that soil problems would be
reflected in surface characteristics (landscape, vegeta
tion and surface soil).
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In the landowner input part of this process, the
following results were obtained:
- In the 1998 study, 94% of the 31 landowners con
tacted responded, with some encouragement, by
filling out the forms evaluating reclamation success
as they saw it for the study pipelines on their land,
- 72% of the line segments were rated as passes by the
landowners,
- the landowner evaluation and the Phase 1 rating by
all three consultants agreed on 72% of the line seg
ments (15 "pass" and 6 "fail" ratings, respectively),
and
- on three line segments (10%) the landowners rated
the area as "pass" and the Phase 1 ratings by all the
consultants was a "fail."
1999 Study

Following revisions to the reclamation evaluation tool
in 1999, both of the manuals [NGTL External Advi
sory Board, 1999(a,b)] were forwarded to the Alberta
Pipeline Environmental Steering Committee (APESC).
They subsequently agreed to forward them to Alberta
Environment for circulation to approximately 200 or
ganizations and individuals for review and comment
prior to releasing them for a widespread trial in the
year 2000.
The widespread trial, recommended by the NGTL
External Advisory Board for the 2000 growing season,
has not taken place and the future of the pipeline recla
mation evaluation tool is not clear. However, discus
sions have been taking place regarding implementing
a two year trial begiiming in 2001.

CONCLUSIONS

The general concept of a land capability based, rela
tively rapid Phase 1 "screening" assessment and an
"as required" more detailed Phase 2 soil evaluation
is workable and appears to address the proper con
cerns and issues. It appears that underlying soil prob
lems are generally reflected by visible characteristics of
landscape, vegetation or surface soil characteristics.
Landowners are willing to participate, there is gen
erally good agreement between the ratings obtained
by landowners and consultants. The landowner eval
uation form can be a useful first evaluation of pipeline
reclamation.
Orientation (training) sessions are expected to in
crease the level of agreement among evaluators.
The Phase I evaluation tool should include Land
scape (drainage, coarse fragments and micro-topogra
phy), Soil (color, surface aggregate size and strength),
and Vegetation (plant growth and species composi
tion) parameters.
As a result of initial field studies, the authors believe
that the protocol is ready for a broad-based trial.
Alberta Environment, with the support of the Alberta
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Pipeline Environmental Steering Committee (APESC),
sent the proposed criteria to various organizations and
individuals for review and comment in early 2000. As
of the fall of 2000, no broad-based field trial had taken
place. However, there is discussion about a two year
trial period starting in 2001.
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E-mail: auriemmaj@epenergy.com
Fax: 713-420-6229
Phone: 713-420-7332
Jeff Back

Ecomark Ltd.
no, 1525-170 St
Edmonton, AB T5P 4W2, Canada
Fax: 780-914-3246
Phone: 780-444-0706
Evan Baker

Greystone Enviro Consultants Inc.
221,2451 Dieppe Ave S.W.
Calgary, AB T3E 7K1, Canada
E-mail: baker.greystone@kome.com
Fax: 403-271-7162
Phone: 403-271-7110
Benjamin Ballard

SUNY-ESF
218 Marshall Hall
1 Forestry Drive
Syracuse, NY 13210, USA
E-mail: bballard@esf.edu
Fax: 315-470-6956
Phone: 315-470-4821
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D a n ie l B a r g h s o o n

AXYS Emnwiwiental Consulting Ltd.
600-555 4th Ave S.W.
Calgary, AB TIP 3E7, Canada
E-mail: dbarghsoon@azys.net
Fax: 403-269-5245
Phone: 403-750-7661
Ja m e s B a rn e s

Iroquois Gas Transmission
One Corporate Drive Suite 600
Shelton, CT 06484, USA
E-mail: Tim_Barnes@lroquois.com
Fax: 203-925-7213
Phone: 203-944-7023
B r u c e B a r n e tt

Aspen Environmental Group
1760 Creekside Oaks, Suite 170
Sacramento, CA 95833, USA
E-mail: bharnett@aspeneg.com
Fax: 916-646-3872
Phone: 916-646-3869
K r is ta B a r ts c h

URS Corporation
1615 Murray Canyon Road
Suite 1000 '
San Diego, CA 92108, USA
E-mail: krista_bartsch@urscorp.com
Fax: 619-293-7920
Phone: 619-683-6155
B r e tt B a tta g lia

Northern Ecological Assoc, Inc.
451 Presumpscot Street
Portland, ME 04103, USA
E-mail: bbattaglia@neamaine.com
Fax: 207-879-9481
Phone: 207-879-9496
J a y n e B a tte y

Essex Environmental
637 Main Street
Half Moon Bay, CA 94019, USA
E-mail: jbattey@essexenv.com
Fax: 650-712-1190
Phone: 650-726-8320
R ic h a r d B a u s e ll

URS Corporation
2318 Millpark Dr.
Maryland Hieghts, MO 63043, USA
E-mail: Richard_Bauselt@URSCorp.com
Fax: (314) 427-0462
Phone: (314) 754-1035
J e a n - P ie r r e B e a u m o n t

Quebec Ministere des Transports
35 Port-Royal Est. 4e
Montreal, PQ H3L 3T1, Canada
E-mail: jheaumont@mtq.gouv.qc.ca
Fax: 514-873-5391
Phone: 514-873-5890
J e f f B e c k w ith

Puget Sound Energy
8001 S. 212 Street '
Kent, WA 98032, USA
E-mail: jbeckiv@puget.com
Fax: (253) 395-7022
Phone: (253) 395-7058

Y ves B e d a rd

Quebec Ministere des Transports
475 Bold, de I'Atrium, 4e etage
Charlesbourg, PQ GIH 7H9, Canada
E-mail: ybedard@mtq.gouv.qc.ca
Fax: 418-646-0003
Phone: 418-380-2003
H ans Bekker

Ministry of Transport
Public Works & Water Mgt
PO Box 5044
Delft, 2600 GA, The Netherlands
E-mail: g.j.bekker@dmv.nvs.minvan.nl
Fax: 31-015-251-8555
Phone: 31-015-251-8470

B r ia n B ie tz

AB Energy & Utilities Board
640-5th Ave S.W .
Calgary, AB TIP 3G4, Canada
E-mail: brian.bietz@eub.gav.ab.ca
Fax: (403) 297-8398
Phone: (403) 297-4303
T if fa n ie B ille y

AXYS Environmental Consulting Ltd.
600-555 4th Ave S.W.
Calgary, AB TIP 3E7, Canada
E-mail: tbilley@axy.net
Fax: 403-269-5245
Phone: 403-750-7673
M a r k B is e tt

F r a n c is B e lis le

Hydro Quebec Production-Manicouagan
135, bold. Comeau
Baie-Comeau, PQ G4Z 3B1, Canada
P e te r B e ll

ENSR Corp
27755 Diehl Road
Warrenville, IL 60555, USA
E-mail: pbell@ensr.com
Fax: 630-836-1711
Phone: 630-836-1700
M a r y B e th B e n e d ic t

Nova Scotia Power
PO Box 910
25 Lakeside Park Drive
Halifax, NS B312W5, Canada
E-mail: mb.benedict@nspower.ca
Fax: 902-428-7564
Phone: 902-428-7503

Williams-Gas Pipelines, Transco
2800 Post Oak Blvd
Houston, TX 77056, USA
E-mail: mark.g.bisett@ivilliams.com
Fax: 713-215-4551
Phone: 713-215-2781
M i c h e lle B is s o n n e tt e

HDR Engineering
6190 Golden Hills Drive
Minneapolis, MN 55416, USA
E-mail: mbissonn@hdrinc.com
Fax: 763-591-5413
Phone: 760-278-5910
K a r e n B la c k

Trans Canada Pipelines
801-7th Avenue SW (28th Floor)
Calgary, AB TIP 2P7, Canada
E-mail: karen_black@transcanada.com
Fax: 403-290-7227
Phone: 403-290-6035

Ilo n a B e r b e k a r

Trans Canada Pipelines
801-7th Avenue S W
Calgary, AB TIP 3P7, Canada
E-mail: Ilona_Berbekar@Transcanada.com
Fax: 403-290-7227
Phone: 403-290-8001

J a m e s B lo e m k e r

Williams-Gas Pipelines, Transco
2800 Post Oak Blvd
Houston, TX 77056, USA
E-mail: james.d.bloemker@williams.com
Fax: 713-215-4551
Phone: 713-215-2656

F ra n ck B e rry

White Pine Environmental Inc.
564 Windermere Street
Vancouver, BC V5K 4/2, Canada
E-mail: fcberry@telus.net
F a x : 604-253-7116

Phone: 604-253-7715

K e it h B o r a s

Lacombe County
5432-56th Avenue
Lacombe, AB T4L 1E9, Canada
E-mail: kboras_tacombccounty@rttinc.com
Fax: 403-782-3820
Phone: 403-782-6601

K e n B e rry

Land Matters Ltd.
4004 Violet Street
North Vancouver, BC V7G 1E3, Canada
E-mail: kberry@bcgas.com
Fax: 250-490-2606
Phone: 250-490-2606

A n d re B o u ch ard

Universite de Montreal, IRBV
4101 est. Rue Sherbrooke
Montreal, PQ HIX 2B2, Canada
E-mail: andre.bernard.bouchrd@umontreal.ca
Fax: 514-872-9406
Phone: 514-872-2216

W a lte r B id L a k e

Neiv Brunsivick Power
515 King Street
PO Box 2000 F
Fredericton, NB E3B 4X1, Canada
E-mail: WBidLake@nbpower.com
Fax: 506-458-3572
Phone: 506-458-3464

P e te r B o u c h e r

Halloran & Sage LLP
225 Asylum Street, One Goodwin Square
Hartford, CT 06103, USA
E-mail: boucher@halloran-sage.com
Fax: 860-548-0006
Phone: 860-297-4650
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John Bowen

Ontario Hydro Services Co.
114 Culloden Road
Ingersoll, ON NSC SRI, Canada
E-mail: john.boiven@ohsc.com
Fax: 416-345-5401
Phone: 416-345-5401
Renee Bowler

Ontario Ministry o f Environment
40 St. Clair Ave. W, 7th Floor
Toronto, ON M4V1M2, Canada
E-mail: bowlerre@ene.gov.on.ca
Fax: 416-327-2936
Phone: 416-327-5510
James Boyle

Boyle Associates
27 Gorham Road, Suite 12
Scarborough, ME 20902, USA
E-mail: fPBoyle@aol.com
Fax: 207-883-6039
Phone: 207-883-6040

Christine Brown

EUB, Surveillance Branch
640 5th Avenue SW
Calgary, AB T2P 3G4, Canada
E-mail: christine.brown@gov.ab.ca
Fax: 403-297-7168
Phone: 403-297-2228
Neil Brown

Arbor Consulting Ltd.
3736 66 Street
Camrose, AB T4V 3N4, Canada
E-mail: arbor@telusplanet.net
Fax: 780-672-8667
Phone: 780-679-8200
Paul Brown

Kinder Morgan, Inc.
370 Van Gordon Street
Littleton, CO 80123, USA
E-mail: paul_brown@kindermorgan.com
Fax: 303-984-3190
Phone: 303-914-7853
Robert Brown

Michael Boyle

Federal Energy Regulatory Comm.
888 First Street, N.E., 62-47
Washington, DC 20426, USA
E-mail: michael.boyle@ferc.fed.us
Fax: 202-208-0353
Phone: 202-208-0839
John Bridges

Western Area Power Admin
P O

B o x 281213

Lakeivood, CO 80228-8213, USA
E-mail: bridges@wapa.gov
Fax: 720-962-7263
Phone: 720-962-7255
Crete Bridgewater

Canadian Pacific Railway
Suite 2000, 401-9th Avenue, S. W.
Calgary, AB T2P 4Z4, Canada
E-mail: grete_bridgeivater@cpr.ca
Jacques Brisson

Universite de Montreal
Institut de Recherche en Biologie Veg
4101 est. Rue Sherbrooke
Montreal, PQ HIX 2B2, Canada
E-mail: brisson@magellan.umontreal.ca
Fax: 514-872-9406
Phone: 514-872-1437
Mark Brobbel

Dillon Consulting Ltd.
1405,101-6th Ave S.W.
Calgary, AB T2P 3P4, Canada
E-mail: mbrobbel@dillon.ca
Fax: 403-215-8889
Phone: 403-215-8880
Anne Brown

Levenson Brown Consulting
1835 South Bragaw St, MS-568
Anchorage, AK 99512, USA
E-mail: browna@alyeska-pipeline.com
Fax: 907-787-8322
Phone: 907-787-8094

Alberta Infrastructure
Peace Region, Room 301
Provincial Building 9621-96 Ave
Peace River, AB T8S 1T4, Canada
E-mail: Robert.P.Brown@gov.ab.ca
Fax: 780-624-2440
Phone: 780-624-6280
Juliet Browne

Verrill & Dana, LLP
One P o r t l a n d Square
Portland, ME, USA
E-mail: jbrowne@verrilldana.com
Fax: 207-774-7499
Phone: 207-774-4000
Charles Burdick

Central Hudson Gas & Electric Corp
284 South Avenue
Poughkeepsie, NY 12601, USA
E-mail: cburdick@cenhud.com
Fax: 914-486-5894
Phone: 914-486-5740
Andre Burroughs

Hydro Quebec
855 rue Sainte-Catherine est 9e etage
Montreal, PQ H2L 4P5, Canada
E-mail: Burroughs.Andre@hydro.qc.ca
Fax: 514-840-3933
Phone: 514-840-3000-4439
Mario Buszynski

SENES Consultants Limited
121 Granton Drive, Unit 12
Richmond Hill, ON L4B 3N4, Canada
E-mail: mbuszynski@senes.on.ca
Fax: 905-764-9386
Phone: 905-764-9380
Kim Butler

Municipal District o f Rocky Vieiv #44
911-32ndAveN.E.
Calgary, AB T2M 4L6, Canada
E-mail: asb@gov.mdrockyvieiv.ab.ca
Fax: 403-277-5977
Phone: 403-230-1401

Nancy Cain

Cain Vegetation Inc.
5 Kingham Road
Acton, ON L7] 1S3, Canada
E-mail: cainvegetation@sympatico.ca
Fax: 519-853-1359
Phone: 519-853-3081
Lauren Caldwell
BC Hydro

6911 Southpoint Drive
Floor EOS
Burnaby, BC V3N 4X8, Canada
E-mail: lauren.caldwell@bchydro.ca
Fax: 604-528-2940
Phone: 604-528-2103
David Cameron

ENSR Corp
35 Nagog Park
Acton, MA 01720, USA
E-mail: dcameron@ensr.com
Fax: 978-635-9180
Phone: 978-635-9180
William Candler

Georgia Power Company
5131 Manor Road
Smyrna, GA 30080-7321, USA
E-mail: ivjcandle@southernco.com
Fax: 404-799-2141
Phone: 404-799-2151
Kenneth Carothers

SWCA Inc, Enviro Consultants
114 N o r t h S a n F r a n c is c o S t ., S u it e 1 0 0

Flagstaff, AZ 86001, USA
E-mail: kcarothers@swca.com
Fax: 520-779-2709
Phone: 520-774-550
Sheila Castellano

El Paso Energy
PO Box 1492
El Paso, TX 79978, USA
E-mail: castellanos@epenergy.com
Fax: 915-496-2475
Phone: 915-496-3034
Darrell Chambers

Dow AgroSciences Canada
1144 29th Ave N.E.
Calgary, AB T2E 7P1, Canada
E-mail: dbchambers@dowagro.com
Fax: 403-735-8841
Phone: 403-735-8864
Nancy Champayne

University du Quebec
C.P. 500
Trois-Rivieres, PQ G9A 5H7, Canada
E-mail: nancy-champayne@vgtr.uquebec.ca
Fax: 819-376-5084
Phone: 819-376-5053
Alan Chan-McLeod

BC Hydro
6911 Southpoint Drive
Burnaby, BC V3N 4X8, Canada
E-mail: alan.chan-mcleod@bchydro.com
Fax: 604-528-8290
Phone: 604-528-1723
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A n th o n y C le v e n g e r

University of Calgary
625 Fourth Street
Canmore, AB TIW 2G7, Canada
E-mail: tony_clevenger@pch.gc.ca
Fax: 403-760-1371 ‘
Phone: 403-762-3240

T r a c e y C o\ 'e

Alberta Environment
Box 70028 Bowness Postal Outlet
Calgary, AB T3B 5K3, Canada
E-mail: tracey.cove@gov.ab.ca
Fax:403-297-8803

K e v in D a lg a r n o

BC Hydro
1401 Kal Lake Rd
Vernon, BC VIT 8S4, Canada
E-mail: kevin.dalgarno@bchydro.com
Fax: 250-549-8667
Phone: 250-549-8549

A lle n C r a b t r e e
K e n C o lo s im o

National Energy Board
444 7th Avenue S. W,
Calgary, AB T2P 0X8, Canada
E-mail: kcolosimo@neb.gc.ca
Fax: 403-292-5875
Phone: 403-292-4926
E d w a r d C o ls o n

Colson & Associates
9 Corwin Drive
Alamo, C A 94507, USA
E-mail: edcolson@aol.com
Fax: 925-837-0818
Phone: 925-837-6309
S t e p h e n C o m p to n

Northern Ecological A sso c, Inc.
3 3 Park Street
Canton, NY 13617, USA
E-mail: scompton@neaneivyork.com
Fax: 315-379-0355
Phone: 315-386-3704
J o h n C o n fe r

Ithaca College
Danby Road
Ithaca, NY 14850, USA
E-mail: confer@ithaca.edu
Fax: 607-274-1131
Phone: 607-274-3978
953

D u s ty C o o p e r

D.J. Silviculture ENT. Ltd
14025 Moberly Road
Winfield, BC V4V 1A6, Canada
E-mail: djcooper@silk. net
Fax: 250-766-2677
Phone: 250-766-2677
P a tr ic ia C o o p e r

Colder Associates Ltd.
10th Floor, 940 6th Ave S W
Calgary, AB T2P 3T1, Canada
E-mail: pcooper@Goldler.com
Fax: 403-299-5606
Phone: 403-276-8916
H en ri C o u m o u l

Autoroutes du Sud de la France
Quartier St Anne-Vedene
Vedene, Le Pontet 84967, France
E-mail: aline.vinel.@asf.fr
Fa.x: 04-90-32-7330
Phone: 04-90-32-9005
J e a n - M a u r ic e C o u tu

Environment Canada
17th Floor, Place Vincent Massey
351 Joseph Blvd.
Hull, PQ KIA 0H3, Canada
E-mail: jean-maurice.coutu2@ec.gc.ca
Fax: 819-953-4093
Phone: 819-953-0554

Navigant Consulting Inc.
703 Bridgton
Sebago, ME 04029, USA
E-mail: allen_crabtree@rminc.com
Phone: 207-787-2531
S te v e C ra y c ro ft

Essex Environmental
637 Main Street
Half Moon Bay, C A 94019, USA
E-mail: scraycroft@essexenv.com
Fax: 650-712-1190
Phone: 650-726-8320
A n d rew C ressm an

Environmental Resources Management Inc.
2666 Riva Road, Suite 200
Annapolis, MD, USA
E-mail: andrew_cressman@erm.com
Fax: 410-266-8912
Phone: 410-266-0006

W illia m D a n c h u k

Dominion Resources
CNG Tower
625 Liberty Avenue
Pittsburgh, PA 15222-3199, USA
E-mail: William_A_Danchuk@dom.com
Fax: 412-690-7633
Phone: 412-690-1362
S y lv ie d e B lo is

Universite de Montreal
4101 est. Rue Sherbrooke
Montreal, PQ HIX 2B2, Canada
E-mail: deBloiss@magellan.umontreal.ca
Fax: 514-872-9406
Phone: 514-872-8488
P a u l d e la B a s tid e

UNI VIC/Science Stores
Petch Building, Suite 116
Victoria, BC V8P 5C5, Canada
E-mail: pdelabas@uvic.ca
Phone: 250-721-6319

Ji m C r in k la w

ATCO Electric
PO Box 2426
10035-105th Street
Edmonton, AB T5] 2V6, Canada
E-mail: iim.crinklaw@atcoelectric.com
Fax: 403-420-5410
Phone: 403-420-7183

S u sa n a D e L a Z erd a

Avifauna Ltda, ISA
AA 3751
Bogota, Columbia
E-mail: guberekz@unete.com
Fax: 571-285-4550
Phone: 571-232-9838
A m y D ie r o lf

M ic h a e l C r o w d e r

The Barker Ranch Ltd.
85305 Snively Road
West Richland, WA 99353, USA
E-mail: gdbarker@gte. net
Phone: 509-967-3023

Florida Power Corporation
PO Box 14042
Mail Code - BBIA
St. Petersburg, FL 33733-4042, USA
E-mail: amy.dierolf@fpc.com
Fax: 737-826-4216
Phone: 727-826-4327

T e d C u r r ie

Dept of Fisheries & Oceans
PO Box 5030, 343 Archibald Street
Moncton, NB E1C9B6, Canada
E-mail: CurrieT@mar.dfo-mpo.gc.ca
Fax: 506-851-6579
Phone: 506-851-3650
L y n e tte C u r th o y s

Essex Environmental
637 Main Street
Half Moon Bay, CA 94019, USA
E-mail: lcurthoys@essexenv.com
Fax: 650-712-1190
Phone: 650-726-8320
A n g e l o D a lc in

Canadian Pacific Railway
Suite 2000, Gulf Canada Square
401 9th Avenue SW
Calgary, AB T2P 4Z4, Canada
E-mail: angelo_dalcin@cpr.ca
Fax: 403-319-3883
Phone: 403-319-6145

D a r r e n D ille n b e c k

Dow AgroSciences Canada
71 Essex Lane
Sault Ste. Marie, ON, Canada
E-mail: dsdillenbeck@dozvagro.com
Fax: 705-941-9696
Phone: 705-254-9586
K e n d a ll D illin g

TransCanada Transmission
801-7th Avenue
Calgary, AB T2P 3P7, Canada
E-mail: kendall_dUling@transcanada.cam
Fax: 403-290-7227
Phone: 403-290-6281
E liz a b e t h D o le z a l

Natural Resource Group Inc.
1800 International Centre
900 2nd Ave S.
Minneapolis, MN 55402, USA
E-mail: endolezal@nrginc.com
Fax: 612-347-6780
Phone: 612-347-7866
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Jean Domingue

Naturam Environment Inc
31 Marquette
Baie Comeau, PQ G4Z 1K4, Canada
E-mail: jean.doniingue@naturam.ca
Fax: 418-2889
Phone: 418-296-8911
David Dominie

E/Pro Engineering & Enviro Consulting
41 Anthony Avenue
Augusta, MA 04330, USA
E-mail: ddominie@eproconsulting.com
Fax: 207-621-7001
Phone: 207-621-7084
Jean Doucet

Transenergie
800 Maisonneuve E.
21st Floor
Montreal, PQ H2L 4M8, Canada
E-mail: doucet.jean.2@hydro.qc.ca
Fax: 514-840-3137
Phone: 514-840-3000
Larry Duchesne

Alberta Infrastructure
Land Planning & Documentation
3rd Floor, 6950-113 St
Edmonton, AB T6H 5V7, Canada
E-mail: Larry.Duchesne@gov.ab.ca
Fax: 780-422-5419
Phone: 780-422-7492
Brett Dumas

Idaho Power Company
PO Box 70
Boise, ID, USA
E-mail: bdumas@idahopower.com
Fax: 208-388-6902
Phone: 208-388-2330
Shawn Duncan

Maritimes & Northeast Pipeline
Suite 1600,1801 Hollis Street
Halifax, NS B3J 3N4, Canada
E-mail: sduncan@mnpp.com
Fax: 902-490-2222
Phone: 902-490-2213
Gordon Durm

Tera Environmental Considtants
Suite 205, 925-7th Avenue S. W.
Calgary, AB T2P 1A5, Canada
E-mail: gdunn@teraenv.com
Phone: 403-265-2885
James Durand

BSC Group
33 Waldo Street
Worcester, MA 01608, USA
E-mail: jdurand@bscgroup.com
Fax: 508-792-4509
Phone: 508-792-4500
Roderick Dushnicky

Alberta Infrastructure
3rd Floor
6950-113 Street
Edmonton, AB T6H 5V7, Canada
E-mail: rod.dushnicky@gov.ab.ca
Fax: (780) 422-2661'
Phone: (780) 422-1135

Mark Ealey

Colder Associates Ltd.
209, 2121 Airport Drive
Saskatoon, SK S7L 6W5, Canada
E-mail: Mark_ealey@golder.com
Fax: 306-664-9733
Phone: 306-665-7989
Dan Eddy

Midland Vegetation Mgt Inc.
8459-23rd Ave NE
Calgary, AB TIY 7G9, Canada
E-mail: d.eddy@midlandvegetalion.ca
Fax: 403-285-9205
Phone: 403-285-9111
Don Elsenheimer

HDR Engineering
6190 Golden Hills Drive
Minneapolis, MN 55416, USA
E-mail: delsenhe@hdrinc.com
Fax: 763-591-5413
Phone: 763-278-5909
Carol Engstrom
707 8th Ave S. W.

Calgary, AB T2P 3G7, Canada
E-mail: carol.engstrom@husky-oil.com
Fax: 403-298-6227
Phone: 403-298-6175
Henry Epp

Digital Environmental Management
301,1114 22nd St West
Saskatoon, SK S7M OSS, Canada
Fax: 306-934-2572
Phone: 306-975-3867
Robert Erickson

Earth Tech
300 Baker Avenue
Concord, MA 1742, USA
William Erickson

Bonneville Power Admin.
1520 Kelly Place
Walla Walla, WA 99362, USA
E-mail: wterickson@hpa.gov
Fax: 509-527-6314
Phone: 509-527-6249
Bret Estep

Georgia Transmission Corp.
2100 E. Exchange Place
Tucker, Georgia 30085, USA
E-mail: bret.estep@gatrans.com
Fa.x: 770-270-7872
Phone: 770-270-7358
Daniel Eusebi
ESG International

361 Southgate Dr.
Guelph, ON NIG 3M5, Canada
E-mail: deusebi@esg.net
Fax: 519-836-2493
Phone: 519-836-6050
Paul Evanoff

SmithGroup JJR
n o Miller
Ann Arbor, MI 48104, USA
E-mail: pevanoff@aa.smithgroup.com

James Evans

615 West Maude Avenue
Arlington Heights, IL 60004, USA
E-mail: JamesMEvans@lightfirst.com
Phone: 847-577-5778
Marcus Eyre

National Energy Board
444 7th Avenue S.W.
Calgary, AB T2P 0X8, Canada
E-mail: meyre@neb.gc.ca
Phone: 403-299-3906
Sheryl Faminow

Ghostpine Environmental Services Ltd.
608 Willacy Drive SE
Calgary, AB T2J 2C9, Canada
E-mail: ghostpine@cadvision.com
Fax: 403-271-6778
Phone: 403-271-6822
Kathleen Farley

State of AK, DNR, State Pipeline
411 W Fourth Ave, Suite 2-C
Anchorage, AK 99501-2343, USA
Fax: 907-272-0690
Phone: 907-271-4476
Alison Farrand

National Energy Board
444 7th Avenue S.W.
Calgary, AB T2P 0X8, Canada
E-mail: afarrand@neb.gc.ca
Fax: 403-292-5875
Phone: 403-299-2761
Kenneth Farrish

Steven F. Austin State University
Arthur Temple College o f Forestry
PO Box 6109 SFA Station
Nacogdoches, TX 75962-6109, USA
E-mail: kfarrish@sfasu.edu
Fax: 409-468-2489
Phone: 409-468-2475
A1Fedkenheuer

ALCLA Native Plant Restoration Inc.
3208 Bearspaw Dr. NW
Calgary, AB T2L 1T2, Canada
E-mail: fedkenhp@cadvision.com
Fax: 403-282-7090
Phone: 403-282-6516
Randall Fee

Pacific Gas and Electric Co.
1050 High St., 3rd Floor
Auburn, CA 95603, USA
E-mail: rgf7@pge.com
Fax: 530-889-3780
Phone: 530-889-3825
Thomas Field

ANR Pipeline Company
500 Renaissance Center
Detroit, Ml 48243, USA
E-mail: thomas.field@coastalcorp.com
Fax: (313) 496-2143
Phone: (313) 496-5621
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Kenneth Finch

205 VnUard Road
Parish, NY 13131, USA
Phone: 315-963-8964
Chris Finley

National Energy Board
444 7th Avenue S.W.
Calgary, AB T2P 0X8, Canada
E-mail: cfinley@neb-one.gc.ca
Fax:403-299-3110
Phone: 403-299-3117
Warren Fleming

University of Alberta
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E-mail: whintz@uvic.ca
Fax: 250-721-7102
Phone: 250-721-7104
Jeff Hohman

East Ky Power
PO Box 707
Winchester, KY 40391, USA
E-mail: hohman@ekpc.com
Fax: 606-744-6008
Phone: 606-744-4812
Bruce Hollen

Timothy Hayes

Cinergy Corp.
1000 E. Main Street
Plainfield, IN 46168 1765, USA
E-mail: thayes@cinergy.com
Fax: 317-838-2490
Phone: 317-838-1725
Howard Heffler

Alliance Pipeline Inc.
1200, 605 5th Avenue S. W.
Calgary, AB T2P 3H5, Canada
E-mail: hefflerh@alliance-pipeline.com
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Fax: 780-412-3479
Phone: 780-412-3252

EBA Engineering Consultants
Sun Life Plaza, Suite 5850
1100 Melville St.
Vancouver, BC V6E 4A6, Canada
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Fax:403-232-5861
Phone: 403-237-3485
Keith Kennedy

Trans Canada
to B o u n d a ry Road
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Fax: 304-357-2438
Phone: 304-357-2687
Heidi Klein
M a c k e n z ie V a lle y E n v ir o n m e n t a l

PO Box 938
Yellowknife, NT XIA 2P9, Canada
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Fax: 612-347-6780
Phone: 612-347-7875
Jane Lancaster

Kestrel Research Inc.
Box 42, Site 4, RR 1
Cochrane, AB TOL OWO, Canada
E-mail: janelanc@telusplanet.net
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Fax: 403-269-5245
Phone: 403-750-7658

AXYS

Richard Law

Ace Vegetation Control Service Ltd.
2001-8th Street
Nisku, AB T9E 7Z1, Canada
E-mail: rlaw@acevegetation.com
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Fax: 514-840-3137
Phone: 514-840-3000
Vic Lewynsky

Hydro
1401 Kalamalka Lake Road
Vernon, BC VIT 8S4, Canada
E-mail: Vic.Lewynsky@BCHydro.com
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Phone: 780-422-1987
Wayne Lloyd

Westcoast Energy Inc.
1333 W. Georgia Street
Vancouver, BC V6E 8K9, Canada
E-mail: wlloyd@wei.org
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Fa.x: 218-725-0139
Phone: 218-725-0145

Stuart Lunn

PanCanadian Petroleum Ltd.
150 9th AveS.W.
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Fax: 780-447-4762
Phone: 780-453-2292

Manitoba Hydro
1140 Waverley Street, PO Box 815
Winnipeg, MB R3C 2P4, Canada
E-mail: jrmann@hydro.mb.ca
Fax: 204-475-0273
Phone: 204-474-4267
Sandy Marlin

El Paso Energy
1001 Louisiana Street
Houston, TX 77009, USA
E-mail: marlins@epenergy.com
Fax: 713-420-6229
Phone: 713-420-2227
James Marshall

Ohio State University
Dept. Evolution, Ecology, and Organismal
Biology
1735 Neil Avenue
Columbus, OH 43210, USA
E-mail: marshall.298@osu.edu
Phone: 614-523-0210
Wayne Marshall

National Energy Board
444 7th Avenue S. W.
Calgary, AB T2P 0X8, Canada
E-mail: wmarshall@neb.gc.ca
Angella Martell

5400 Westheimer Court
Houston, TX 77056, USA
E-mail: asmartell@duke-energy.com
Fax: 713-627-5975
Phone: 713-627-5488
Doug Martin

Remo Maddalozzo

Asplundh Canada Inc.
26050 315 Ave
Aldergrove, BC V4W 2Z6, Canada
E-mail: asplundh-BC@telus.net
Fax: 604-856-8899
Phone: 604-856-2222
David Maehr

University of Kentucky
Forestry, 205 Cooper Bid
Uxington, KY 40546-0073, USA
E-mail: dmaehr@pop.uky.edu
Fax: 606-323-1031
Phone: 606-257-4807
Bill Magdych

URS
1615 Murray Canyon Road
Suite 1000 '
San Diego, CA 92108, USA
E-mail: bill_magdych@urscorp.com
Phone: 619-293-7920

Fran Lowell

Natural Resource Group Inc.
1800 International Centre
900 2nd Ave S.
Minneapolis, MN 55402, USA
E-mail: flowell@nrginc.com
Fax: 612-347-6789
Phone: 612-347-7871

Robert Mann

Wayne Mancroni

Central Hudson Gas & Electric Corp
284 South Avenue
Poughkeepsie, NY 12601, USA
E-mail: wmancroni@cenhud.com
Fax: 914-486-5764
Phone: 914-486-5734

BC Environment
205 Industrial Road E
Cranbrook, BC VIC 6H3, Canada
E-mail: doug.martin@gems7.vob.be.ca
Fax: 250-489-8506
Phone: 250-489-8548
Paul Martin

TRC
Boot Mills Soth, Foot o f John Street
Loivell, MA 01852, USA
E - m a il: p m a r t in @ t r c s o lu tio n s .c o m

Phone: 978-656-3631
Sandra Martindale

National Energy Board
444 7th Avenue S.W.
Calgary, AB T2P 0X8, Canada
E-mail: smartindale@neb.gc.ca
Fax: 403-292-5875
Phone: 403-299-3374
Todd Mattson

Natural Resource Croup Inc.
1800 International Centre
900 2nd Ave S.
Minneapolis, MN 55402, USA
E-mail: tamattson@nrginc.com
Fax: 612-347-6780
Phone: 612-347-3367
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D o n a ld M c C a b e

Alberta Environment
2938-11 St. NE
Calgary, AB T2E 7L7, Canada
E-mail: Don.McCabe@env.gov.ab.ca
Fax: (403) 297-5944
Phone: (403) 297-5671
R o b e r t M c C a llu m

Indian Oil b G as Canada
Suite 100, 9911 Chula Blvd
TsuuTina/Sarcee, AB T2W 6H6, Canada
E-mail: mccallumr@inac.gc.ca
Fax: 403-292-5618
Phone: 403-292-5176
W illia m M c C a r t h y

Natural Resource Group Inc.
1800 International Centre
900 2nd Ave S.
Minneapolis, MN 55402, USA
E-mail: wfmccarthy@nrginc.com
Fax: 612-347-6780
Phone: 612-347-7870

G e o r g e M c L a c h la n

Duke Energy
675 Western Ave #4
Manchester, ME 04351, USA
E-mail: gamclachlan@duke-energy.com
Fax: 207-621-8229
Phone: 888-876-4080
K e v in M c L o u g h lin

Neiv York Power Authority
PO Box 200
Gilboa, NY 12076, USA
E-mail: kevin.mcloughlin@nypa.gov
Fax: 607-588-9826
Phone: 607-588-6061
B la ir M c M a h o n

Tetres Consultants Inc.
603-386 Broadway
Winnipeg, MB R3C 3R6, Canada
E-mail: bmcmahon@tetres.ca
Fax: 204-942-2548
Phone: 204-942-2505

TransCanada Tower, Floor 21
405-lst. St., S W
Calgary, AB T2P 5H1, Canada
E-mail: brain_mcconaghy@transcanada.com
Pax: 403-920-2330
Phone: 403-920-7783

Terrestrial Environmental Specialists, Inc.
23 County Route 6, Suite A
Phoenix, NY 13135, USA
E-mail: tes@dreamscape.com
Fax: 315-695-3277
Phone: 315-695-7228

University of Calgary
2500 University Drive
Faculty o f Environmental Design, PF 2105
Calgary, AB T2N1N4, Canada
E-mail: rkmccormick@home.com
Ia n M c D o n a ld

Ace Vegetation Control Service Ltd.
2001-8th Street
Nisku, AB T9E 7Z1, Canada
E-mail: imcdonald@acevegetation.com
Fax: 780-955-9426
Phone: 780-955-8980
Ja c k M cG ee

Idaho Poiver Company
PO Box 70
Boise, ID, USA
E-mail: jmcgee@idahopower.com
Phone: 208-388-2759
T e r r y M c G u ir e

Parks Canada
Room 552-220 4th Ave S.E.
Calgary, AB T2G 4X3, Canada
E-mail: Terry-McGuire@pch.gc.ca
Fax: 403-292-4886
Phone: 403-292-4707

Alliance Pipeline Inc.
6385 Old Shady Oak Road, Suite 150
Eden Prairie, M N , USA
E-mail: troy.meinke@alliance-pipeline.com
Fax: 952-944-9166
Phone: 952-983-1009
D e n is M e r c ie r

GEO-3D
3981 Mont Royal
St. Flubert, PQ J4R 2H4, Canada
E-mail: dmercier@geo-3d.com
Fax: 450-926-3050
Phone: 450-926-1020
D e n n is M itc h e ll

Alberta Infrastructure
Infrastructure Building, 3rd Floor
6950-113 Street
Edmonton, AB T6H 5V7, Canada
E-mail: dennis.mitchell@gov.ab.ca
Fax: (780) 422-8949
Phone: (780) 427-3900
Jo n a h M itc h e ll

Parks Canada, Wood Buffalo National Park
PO Box 750
Fort Smith, NT XOE OPO, Canada
Fax: 867-872-3910
Phone: 867-872-7900

R ita M c K e n z ie

Purdue University
Forestry b Natural Resources
1159 Forestry Building
W. Lafayette, IN 47907-1159, USA
E-mail: ritam@fnr.purdue.edu
Fax: 765-496-2422
Phone: 765-494-3625

J o l m M o ir

Asplundh Canada Inc.
9205 37 Avenue
Edmonton, AB T6G 5K9, Canada
E-mail: moir@asplundh.com
Fax: 780-461-7883
Phone: 780-462-5806
N e ls e n M o n e y

Pacific Gas and Electric Co.
12081 Lodestar Drive
Crass Valley, CA, USA
E-mail: nrni2@pge.com
Fax: 530-889-3389
Phone: 530-889-3330
Pacific Gas and Electric Co.
12081 Lodestar Drive
Grass Valley, CA, USA
E-mail: PRR5@PGE.WM
Fax: 530-889-3833
Phone: 530-889-3811
C ly d e M o o r e

T ro y M e in k e
R a c h e l M c C o r m ic k

Environmental Consulting Ltd.
600-555 4th Ave S .W .
Calgary, AB T2P 3E7, Canada
E-mail: emohun@axys.net
Fax: 403-269-5245 '
Phone: 403-750-7670

AXYS

P a m e la M o n e y
Jo s e p h M c M u lle n

B r ia n M c C o n a g h y

E r ic M o h u n

R ic h M o g e n s e n

Marsh R esou rces In c.
236 Transco Road
Mooresville, NC 28115, USA
E-mail: Rich.K.Mogensen@williams.com
Fax: 704-655-9707
Phone: 704-892-7761

International Boundary Commission
1250 23rd Street NW, Suite 100
Washington, DC 20037, USA
Fax: 202-736-9015
Phone: 202-736-9102
S o n ia M o r a le s

University of Calgary
2500 University Drive
Faculty of Environmental Design, PF 2105
Calgary, AB T2N 1N4, Canada
S te p h e n M o ra w a sk i

Tennessee Gas Pipeline Co.
8 Anngina Drive
Enfield, CT 01071, USA
E-mail: morawskis@epenergy.com
D a v id M o r r e ll

NY State Dept of Public Service
Agency Building 3
Albany, NY 12054, USA
E-mail: dsm@dps.state.ny.us
Fax: 518-474-5026
Phone: 518-486-7322
Todd M oss

Environmental Services Inc.
136 Schooner Close NW
Calgary, AB T3L IZ l, Canada
E-mail: mosst@ibm.net
Phone: 403-804-6219

M o ss

Ja v e d M u b a sh a r

University of the Punjab
Main Brother's Lab (PVT) Ltd.
112/10 Toivnship
Punjab, Lahore, Pakistan
E-mail: khizerinayat@hotmail.com
Phone:5111167-841786
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John Muehlhausen

Natural Resource Group Inc.
1800 International Centre
900 2nd Ave S.
Minneapolis, MN 55402, USA
E-mail: jwmuehlhausen@nrginc.com
Fax: 612-347-6780
Phone: 612-347-6783
Sepp Muhlbergcr

ARC Inc.
7535 Flint Road SE
Calgary, AB T2H 1G3, Canada
E-mail: muhlbergerj@arcinc.ab.cn
Fa.x: 403-543-1944
Phone: 403-543-1940, ext 7
Wade Munro

Manitoba Hydro
1140 Waverley Street, PO Box 815
Winnipeg, MB R3C 2P4, Canada
E-mail: wmunro@hydro.mb.ca
Fax: 204-474-4974'
Phone: 204-474-4710
Dean Mutrie

Tera Environmental Consultants
Suite 205, 925-7th Avenue S. W.
Calgary, AB TIP 1A5, Canada
E-mail: dmutrie@teraenv.com
Fa.x: 403-266-6471
Phone: 403-265-2885
Julie Myhre

Natural Resource Croup Inc.
1800 International Centre
900 2nd Ave S.
Minneapolis, MN 55402, USA
E-mail: jamyhre@nrginc.com
Fax: 612-347-6780 '
Phone: 612-347-6784
Ted Nelson

Nelson Const
600 Reilly Ave
Farmington, NM 87401, USA
Fax: 505-327-6332
Phone: 505-327-6331
Edward Neuhauser

& A, Niagara Mohaivk Power Corp.
300 Erie Blvd W.
Syracuse, NY 13202, USA
R

E - m a il: N e u h n u s e r e @ N ia g a r n M o lm w k .c o m

Fax: 315-428-6503
Phone: 315-428-3355
Brian Nolan

ATCO Electric
10035-105th Street
Edmonton, AB T512V6, Canada
E-mail: brian.nolnn@atcoelectric.com
Fax: 780-420-5410
Phone: 780-420-7843
Logan Norris

Environmental Consultants, Inc.
4045 NW Dale Place
Corvallis, OR 97330, USA
E-mail: Logan.Norris@orst.edu
Fax: 541-737-5814
Phone: 541-737-6557

Christopher Nowak

SUNY-ESF
220 Marshall Hall
1 Forestry Drive
Syracuse, NY 13210, USA
E-mail: canowak@esf.edu
Fax: 315-470-6956
Phone: 315-470-6575
Craig Nyrose

ATCO Electric
1006-15 Ave
Nisku, AB T9E 7S5, Canada
Fax: 780-955-6234
Carey Oakley

Law Gibb Croup
2100 Rivershase Center, Suite 450
Birmingham, AL 35202, USA
E-mail: cboakley@lawco.com
Fax: 205-686-9508
Phone: 205-733-7600
Paula Oberg

PO Box 7485
Drayton Valley, AB T7A 1S6, Canada
E-mail: poberg@ualberta.ca
Phone: 780-5427133
Kevin Ogilv'ie

Ontario Ministry of Transportation
355 Counter Street
Postal Bag 4000
Kingston, ON K7L 5A3, Canada
E-mail: ogilvie@mto.gov.on.ca
Fax: 613-540-5106
Phone: 613-384-1307
Charles Olenik

GPU Energy
2800 Pottsville Pike
Reading, PA, USA
Fax: 610-921-6736
Phone: 610-921-6843
Carrie Oloriz

Conor Pacific
807 Manning Road NE
Calgary, AB T2E 7M8, Canada
Phone: 204-9316
Stuart Olsen

Midland Vegetation Mgt Inc.
8459-23rd Ave NE
Calgary, ABT19 7C9, Canada
E-mail: s.olsen@midlandvegetation.cn
Fax: 403-285-9205
Phone: 403-285-9111
James Orr

Asplundh Tree Expert Co.
708 Blair Mill Road
Willow Grove, PA 19090-1701, USA
E-mail: jimorr@asplundh.com
Fax: 215-284-1366
Phone: 215-784-4244
Wayne Ortiz

Manitoba Hydro
12-1146 Waverley Street, PO Box 815
Winnipeg, MB R3C 2P4, Canada
E-mail: wortiz@hydro.mb.ca
Fax: 204-475-0273
Phone: 204-477-4059

Mark Ostendorp

EPRIsolutions
100 Research Drive
Haslet, TX 76052, USA
E-mail: mostendo@eprisolutions.corn
Phone: 817-234-8213
Kevin Owen

Iroquois Gas Transmission
Oire Corporate Drive Suite 600
Shelton, CT 06484, USA
E-mail: kevin_owen@iroquois.com
Fax: 203-925-7213
Phone: 203-944-7035
Kevin Pape

Gray & Pape, Inc
1318 Main Street
Cincinrmti, OH 45210, USA
E-mail: wkpape@graypape.com
Fax:513-287-7703 '
Phone: 513-287-7700
Gil Paquette

Duke Engineering and Sendees
500 Washington Ave
Portlarrd, ME 04103, USA
E-mail: gapaquet@dukeengmeering.com
Plume: 207-775-4495
Sylvain Paquette

C.P. 6128 Succ.
Centre-ville
Montreal, PQ H3C 3]7, Canada
Phone: 514-343-7500
Scott Paradise

Canadian Pacific Railway
501 Marquette Ave
Room 804, PO Box 530
Minneapolis, MN 55440, USA
E-mail: scott_paradise@cpr.ca
Fax: 612-347-8170
Phone: 612-347-8257
Erkki Partanen

Fingrid OYJ
PL 530
Helsinki 00131, Finland
E-mail: erkki.partanerr@fingrid.fi
Fax: 358-303-955213
Phorre: 358-303-955156
Susan Patey

University of Calgary
2500 Urriversity Drive
Faculty of Environrrrental Design, PF 2105
Calgary, AB TIN 1N4, Canada
Sandra Patty

Marylarrd Dept o f Natural Res.
580 Taylor Avenue
Tawes Bid. B-3
Anttapolis, MD 21401, USA
E-rnail: spatty@drrr.state.rnd.us
Fax: 410-260-8670
Phone: 410-260-8660
Lionel Peel

Telus Cornrnunicatiorrs Inc.
5E 411-lst S.E.
Calgary, AB TIG 4Y5, Canada
E-mail: liorrel.peel@telus.com
Fax: 403-530-5876
Phorre: 403-530-5876
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David Polster
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Martin Rajotte
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Richard Revel
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Kirt Rhoads
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Philippe Poullaouec-Gonidec

P h o n e: 8 0 1 -5 8 4 -6 7 6 3

P O B ox 707

P o t o m a c E le c tr ic P o w e r C o m p a n y

P h o n e : (2 0 2 ) 8 7 2 -2 2 7 4

S a lt L a k e C ity , L IT 8 4 1 0 8 , U S A
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F a x : 5 0 8 -8 9 0 -4 7 0 6
P h o n e: 5 0 8 -4 2 1 -7 5 4 9

Joel Rinebold
C o n n e c t ic u t S it in g C o u n c il
T en F r a n k lin S q u a r e
N e w B r itia n , C T 0 6 0 5 1 , U S A

U n iv e r s it e d e M o n tr e a l

W in c h e s te r , K Y 4 0 3 9 1 , U S A

E - m a il: s it in g .c o u n c il@ p o .s t a t e .c t .u s

P O B o x 6 1 2 8 S u c c . C e n tr e -V ille

F a x : 8 5 9 -7 4 4 - 6 0 0 8

F a x : 8 6 0 -8 2 7 -2 9 5 0

M o n t r e a l, P Q H 3 C 3 J7 , C a n a d a

P h o n e : 8 5 9 -7 4 4 - 4 8 1 2

P h o n e: 8 6 0 -8 2 7 -2 9 3 5

946
Debbie Ristig

Chuck Scarborough

PaulSchorn

R e lia n t E n e r g y P ip e lin e S e r v ic e s

G e o r g ia T r a n s m is s io n C orp .

D o w A g r o S c ie n c e s C a n a d a

5 2 5 M ila m S tr e e t

2 1 0 0 E. E x c h a n g e P la c e

2 0 1 -1 1 4 4 2 9 th A v e N .E .
C a lg a r y , A B T 2 E 7 P 1 , C a n a d a

S h rev ep ort, LA 71101, U SA

T u cker, G e o r g ia 3 0 0 8 5 , U S A

E - m a il: d r is t ig @ r e lia n t e n e r g y .c o m

E -m a il: c h u c k .s c a r b o u r g h @ g a t r a n s .c o m

E - m a il: p s c h o r n @ d o iv a g r o .c o m

F a x : 3 1 8 -4 2 9 - 3 9 2 7

F a x : 7 7 0 -2 7 0 - 7 7 7 5

F ax : 4 0 3 -7 3 5 -8 8 1 9

P h o n e : 3 1 8 -9 6 5 - 5 0 4 7

P h o n e: 7 7 0 -2 7 0 -7 9 5 3

P h o n e: 4 0 3 -7 3 5 -8 8 2 4

Bart Robinson
Y e llo w s to n e to Y u kon C o n s e r v . In itia tiv e
7 1 0 -9 th S t r e e t
S t u d io B
C an m ore, A B T 1 W 2 V 7, C an ada

Jorge Roig Soles

Greg Scarborough
B C H ydro

E c o m a r k L td .

6911 S o u t h p o in t D r iv e
P od E 0 5
B u rn aby , B C V 3 N 4 X 8 , C an ad a
E -m a il: g r e g .s c a r b o r o u g h @ B C H y d r o .b c .c a
F a x : 6 0 4 -5 2 8 - 2 9 4 0

P O D e l C o n d e D e L o s G a ita n e s , 1 7 7

P h o n e : 6 0 4 -5 2 8 - 1 7 2 1

L A M o r a le ja A lc o b e n d a s
E - m a il: jr o ig @ r e e .e s
F a x : 3 4 -9 1 6 5 0 4 5 4 2
P h o n e : 3 4 -9 1 6 5 0 8 5 0 0

T r ia n g le L a b o r a to r ie s , In c.

1 5 2 5 -1 7 0 S t

E - m a il: s c h o u t e n @ t e lu s p la n e t .n e t
F a x : 7 8 0 -4 8 1 - 2 4 3 1
P h o n e: 7 8 0 -4 4 4 -0 7 0 6

Ian Scott

PaulSchaap
D illo n C o n s u lt in g L td .
# 1 3 0 -1 0 6 9 1 S h e iih r id g e W ay
R ic h m o n d , B C V 6 X 2 W 8 , C a n a d a
E -m a il: p s c h a a p @ d illo n .c a

Chad Roper

no,

E d m o n to n , A B T 5 P 4 W 2 , C a n a d a

R e d E le c tr ic a d e E s p a n a

M a d r id 2 8 1 0 9 , S p a in

Paul Schouten

F a x : 6 0 4 -2 7 8 - 7 8 9 4
P h o n e: 6 0 4 -2 7 8 -7 8 4 7

C a n a d ia n

/Issue P e t r o le u m

P rod u cers

2 1 0 0 , 3 5 0 7 th A v e S .W .
C a lg a r y , A B T 2 P 3 N 9 , C a n a d a
E - m a il: s c o t t @ c a p p .c a
F a x : 4 0 3 -3 6 6 - 3 2 6 1
P h o n e : 4 0 3 -2 6 7 - 1 1 3 2

8 0 1 C a p ito la Dr.
D u rham , N C 277 1 3 , U SA

Valentin Schaefer

E - m a il: C h a d _ o p e r @ c o m p u s e r v e .c o m

D o u g la s C o lle g e

F a x : 9 1 9 -5 4 4 -5 4 9 1

P O B ox 2503

P hon e: 9 1 9 -5 U -5 7 2 9

N e w W e s tm in s t e r , B C V 3 L 5 B 2 , C a n a d a

Loreta Rosselli
IS A -A B O
D g . 1 0 9 N o 2 6 -1 0 (8)
B o g o ta , C o lu m b ia
E - m a il: lr o s s e lli@ y a h o o .c o m

Diane Ross-Leech
P a c ific G a s a n d E le c tr ic C o.
M a il c o d e B 2 4 A

E - m a il: d p r 5 @ p g e .c o m
F a x : 4 1 5 -9 7 3 -9 2 0 1
P h o n e : 4 1 5 -9 7 3 - 5 6 9 6

E -m a il: v a ls c h a e fe r @ s h a w .c a

Gary Searing
L C L L im ite d

Ron Schafer

E n v ir o n m e n t a l R e s e a r c h A s s o c ia t e s

B C G a s U tility L td.

9 7 6 8 S eco n d S treet

1 6 7 0 5 F r a s e r H ig h w a y

S id n e y , B C V 8 L 3 Y 8 , C a n a d a

S u r r e y , B C V 3 S 2X7~, C a n a d a

E - m a il: g fs @ lg l.c o m

E -m a il: r s c h fe r @ b c g a s .c o m

F a x : 2 5 0 -6 5 5 - 9 7 6 1

F a x : 6 0 4 -5 7 6 - 7 1 0 5

P h o n e: 2 5 0 -6 5 6 -0 1 2 7

P h o n e: 6 0 4 -8 6 8 -4 5 6 0

Nalwanga Faridah Sendagire

Tony Schlenker

M a k e r a r a U n iv e r s it y

L o r r n e l C o n s u lt a n t s
4 0 0 6 th S tr e e t

SW

C a lg a r y , A B T 2 P 1 X 2 , C a n a d a
F a x : 4 0 3 -2 6 5 - 3 8 7 4

Rob Rowland

N orth

E t o b ic o k e , O N M 9 B 4 N 5 , C a n a d a

P O B ox 7640
S a n F r a n s is c o , C A 9 4 1 2 0 , U S A

William Scott
65 S h a v e r A v e n u e

P h o n e: 4 0 3 -2 3 3 -0 9 0 0

P O B ox 28530
K a m p a la , U g a n d a
E - m a il: u ic b p ls c @ im u l.c o m
F a x : 2 5 6 -4 1 -2 5 4 -8 2 9
P h o n e : 3 4 3 -9 4 1

E S C In te r n a tio n a l
3 6 1 S o u t h g a t e Dr.

Mike Schmaltz

G u e lp h , O N N I G 3 M 5 , C a n a d a

T ran s C a n a d a P i p e lin e s

SW

E - m a il: r r o w la n d @ e s g .n e t

8 0 1 -7 t h A v e n u e

F a x : 5 1 9 -8 3 6 - 2 4 9 3

C a lg a r y , A B T 2 P 2 P 7 , C a n a d a

P h o n e : 5 1 9 -8 3 6 - 6 0 5 0

E -m a il: m ic h a e l_ s c h m a lt z @ t r a n s c a n a d a .c o m

Keith Sanftleben

F a x : 4 0 3 -2 9 0 - 7 2 2 7
P h o n e: 4 0 3 -2 9 0 -8 0 4 8

Jack Shaw
N o r t h e r n E c o lo g ic a l A s s o c ia t e s
4 5 1 P r e s u m p s c o t S t.
P o r tla n d , M E 0 4 1 0 3 , U S A
E - m a il: r t r e t t e l@ n e a m a in e .c o m
P h o n e : 2 0 7 -8 7 9 - 9 4 8 1

M id la n d V eg e ta tio n M g t In c.
8 4 5 9 -2 3 r d A v e N E
C a lg a r y , A B T 1 9 7 G 9 , C a n a d a
P h o n e : 7 8 0 -4 8 7 -0 1 1 2

Gerry Sarich

Fiona Schmiegelow

Philip Sheridan

U n iv e r s it y o f A lb e r t a

O ld D o m in io n U n iv e r s it y

D e p t o f R e n e w a b le R e s o u r c e s

M e a d o w v ie w B io lo g ic a l R e s e a r c h S t.

751 G S B

8 3 9 0 F r e d e r ic k s b o r g T n p k

B C G a s U tility L td .

E d m o n to n , A B T 6 C 2 H 1 , C a n a d a

W o o d fo r d , VA 2 2 5 8 0 , U S A

1 6 7 0 5 F r a s e r H ig h w a y

E -m a il: fio n a .s c h m ie g e lo w @ u a lb e r t a .c a

E - m a il: m e a d o w v ie w @ p it c h e r p la n t .o r g

S u r r e y , B C V 3 S 2X7', C a n a d a

F a x : 7 8 0 -4 9 2 - 4 3 2 3

P h o n e: 8 0 4 -6 3 3 -4 3 3 6

E - m a il: g s a r ic h @ b c g a s .c o m

P h o n e : 7 8 0 -4 9 2 - 0 5 5 2

Gwen Shrimpton

F a x : 6 0 4 -5 7 6 - 7 1 0 5
P h o n e : 6 0 4 -5 7 6 - 7 0 8 4

Mike Sawyer

Jacki Schneider

B C H ydro

T ra n s M o u n t a in P ip e L in e C o L td .

8 4 7 5 128 S treet

7 8 1 5 S h e llm o n t S t r e e t

S u r r e y , B C V 3 W O G l, C a n a d a

C itiz e n s ' O il a n d G a s C o u n c il

B u rn aby , B C V 5A 4 S 9, C an ada

E - m a il: g iv e n .s h r im p t o n @ b c h y d r o .b e .c a

5 6 7 8 B r e n n e r C r e s c e n t N .W .

E -m a il: ja c k is @ t m p l.c o

F ax : 6 0 4 -5 4 3 -1 5 4 0

C a lg a r y , A B T 2 L 1 Z 4 , C a n a d a

P h o n e: 6 0 4 -2 6 8 -3 0 0 8

P h on e: 6 0 4 -5 4 3 -4 1 5 5

947

Don Snider

Scott Shupe

Thomas Sullivan

N ia g a r a M o h a w k P o w e r C orp .

A lb e r t a In fr a s tr u c t u r e

N a t io n a l G r id U S A

3 0 0 E r ie B o u le v a r d , W es t

2 n d F lo o r 4 9 9 9 - 9 8 A v e

2 5 R e s e a r c h D r iv e

E A D , A -2

E d m o n to n , A B T 6 B 2 X 3 , C a n a d a

W e s tb o r o , M A 0 1 5 3 2 , U S A

S y racu se, N Y 132 0 2 , U SA

E - m a il: d o n .s n id e r @ g o v .a b .c a

E - m a il: t h o m a s .s u lliv a n @ u s .n g r id .c o m

E - m a il: s h u p e s @ n ia g a r a m o h a w k .c o m

F a x : 4 2 7 -0 3 5 3

F ax : 5 0 8 -3 8 9 -2 7 2 5

F ax : 3 1 5 -4 2 8 -3 5 4 9

P h o n e : 7 8 0 -4 1 5 - 1 3 8 7

P h o n e : 3 1 5 -4 2 8 - 6 6 1 6

Ajay Pal Singh
U .P. S t a t e I r r ig a t io n D ep t.
S D O G a n g a C a n a l, I V /5 0
P e e r b a b a O ffic e r s C o lo n y
R orkee
D is t r ic t - H a r id w a r , U ttr a n c h a l, In d ia
E - m a il: a p s in g h l9 5 7 @ y a h o o .c o m
P h o n e : 9 1 -1 3 3 2 - 7 8 7 4 3

Kenneth Sott
S an tee C oop er
O n e R iv e r w o o d D r iv e
M o n c k s C o r n e r, S C 2 9 4 6 1 , U S A
E -m a il: k n s o t t@ s a n te e c o o p e r .c o m
F a x : 8 4 3 -7 6 1 - 4 1 0 5
P h o n e : 8 4 3 -7 6 1 - 8 0 0 0

Mark Southerland
V ersar
9200 R u m sey R oad

Glen Singleton

C o lu m b ia , M D , U S A

B C H ydro

E - m a il: s o u t h e r la n d m a r @ v e r s a r .c o m

6 9 1 1 S o u t h p o in t D r iv e

F a x : 4 1 0 -9 6 4 - 5 1 5 6

B u rn aby , B C V 3 N 4 X 8 , C an ada

P h o n e : 4 1 0 -7 4 0 - 6 0 7 4

P h o n e: 5 0 8 -3 8 9 -9 0 8 6

Marie Swanson
S e a t t le C ity L ig h t
7 0 0 5 th A v e S u it e 3 3 0 0
S e a ttle , W A 9 8 1 0 4 , U S A
E - m a il: m a r ie .s w a n s o n @ c i.s e a t t le .w a .u s
F a x : 2 0 6 -3 8 6 -1 6 3 0
P h o n e: 2 0 6 -2 3 3 -3 9 2 9

Reginald Sweeney
D e p t o f F is h e r ie s b O c e a n s
P O B ox 1006
D a rtm o u th , N S B 2 Y 4 A 2 , C an ad a
E - m a il: s w e e n e y r @ m a r .d fo .m p o .g c .c a
F a x : 9 0 2 -4 2 6 -1 4 8 9
P h o n e: 9 0 2 -4 2 6 -2 2 5 3

Bonnie Swift

E - m a il: g le n .s in g le t o n @ b c h y d r o .b c .c a

Linville Spangler

S t a n t e c C o n s u lt in g L td .

E ast K y P ow er

1 1 2 2 4 th S t r e e t

S u la b h I n te r n a tio n a l N e p a l

P O B ox 707

C a lg a r y , A B T 2 R I M l , C a n a d a

B is h a ln e g a r , K a t h m a n d u -5

W in c h e s te r , K Y 4 0 3 9 1 , U S A

E - m a il: p s w ift @ s t a n t e c .c o m

P ost B ox 5083

E -m a il: lin v ille @ e k p c .c o m

F a x : 4 0 3 -7 1 6 -8 0 3 7

K ath m an d u , N ep al

F a x : 8 5 9 -7 4 4 - 6 0 0 8

E - m a il: a t h a r a i@ w lin k .c o m

P h o n e : 8 5 9 -7 4 4 - 4 8 1 2

Rajendra Prasad Sitoula

F a x : 9 7 7 1 -4 3 2 2 4 3
P h o n e : 9 7 7 1 -4 3 2 2 4 3

Richard Skarie
N a t u r a l R e s o u r c e G r o u p In c.
1 8 0 0 I n t e r n a tio n a l C e n tr e
900 2nd A ve S

David Speer

P h o n e: 4 0 3 -7 1 6 -7 1 2 8

Carl Tammi
E N S R C orp

P r o g r e s s L a n d S e r v ic e s L td .

3 5 N ag og P ark

1 4 8 1 5 119 A v e

A cto n , M A 0 1 7 2 0 , U S A

E d m o n to n , A B T 5 L 2 N 9 , C a n a d a

E - m a il: c t a m m i@ e n s r .c o m

E - m a il: d a v e s @ p r o g r e s s la n d .c o m

F a x : 9 7 8 -6 3 5 -9 1 8 0

F a x : 7 8 0 -4 5 4 -6 1 7 2

P h o n e: 9 7 8 -6 3 5 -9 5 0 0

P h o n e : 7 8 0 -4 5 4 - 4 7 1 7

M in n e a p o lis , M N 5 5 4 0 2 , U S A
E - m a il: r ls k a r ie @ n r g in c .c o m

SW

John Steenberg

Songkiert Tansamrit
P e t r o le u m A u t h o r it y o f T h a ila n d

F a x : 6 1 2 -3 4 7 -6 7 8 0

E n r o n G a s P ip e lin e G r o u p

5 5 5 V ib h a v a d e e R a n g s it R d

P h o n e : 6 1 2 -3 4 7 - 6 7 8 6

P O B o x 1188

B a n g le h a e n

3 A C -3 1 4 0

Stephen Slack

H o u s to n , T X 7 7 2 5 1 -1 1 8 8 , U S A

5307 58 A ve

E -m a il: jo h n .s t e e n b e r g @ e n r o n .c o m

B arh ead , A B T 7 N I N l , C an ada

F a x : 7 1 3 -6 4 6 - 7 8 6 7

E - m a il: s la c k @ u a lb e r ta .c a

P h o n e : (7 1 3 ) 6 4 6 - 7 3 1 7

Holly Smith
F is h e r ie s &

Janet Stephenson
O cean s C an ada

1 2 7 8 D a lh o u s ie D r ie
K a m lo o p s , B C V 2 C 6 G 3 , C a n a d a
E - m a il: s m ith h o @ p a c .d fo -m o o .g c .c a
F a x : 2 5 0 -8 5 1 -4 9 5 1
P h o n e : 2 5 0 -8 5 1 - 4 8 7 9

Ian Smith
ID S C o n s u lt in g S e r v ic e s
P O B ox 245
B e n o ic k , V ic to ria 3 8 0 6 , A u s tr a lia
E - m a il: ia n @ id c o n s u lt in g .c o m .a u
F a x : 6 1 - 3 - 9 7 9 6 -2 9 6 8

M u r p h y B r o s. In c.
3 1 5 0 5 th A v e
E a s t M o lin e , IL 6 1 2 6 4 , U S A
E - m a il: js t e p h e n s o n @ m u r p h y b r o s in c .c o m
F a x : 3 0 9 -7 5 2 - 7 0 1 5
P h o n e : 3 0 9 -7 5 6 - 1 0 3 0

Dianna Stoopnikoff

E - m a il: 2 4 0 2 9 9 @ p t t .o r .t h
Fax: 5372182
P h o n e : 5 3 7 2 1 5 0 -1

Ken Taylor
T r a n s C a n a d a I n t e r n a t io n a l
8 0 1 -7 th A v en u e

SW

P O b o x 2 5 3 5 , S t a t io n M
C a lg a r y , A B T 2 P 3 P 7 , C a n a d a
E - m a il: k e n - t a y lo r @ t r a n s c a n a d a .c o m
F a x : 4 0 3 -2 6 1 -5 2 6 2
P h o n e: 4 0 3 -2 6 1 -5 3 8 5

Prem Bahadur Thapa Magar
S u la b h I n t e r n a t io n a l N e p a l

T ran s M o u n ta in P ip e L in e C o L td .

B is h a ln e g a r , K a t h m a n d u - 5

2 3 5 5 T ran s C a n a d a H w y W es t

P ost B ox 5083

K a m lo o p s , B C , C a n a d a

K ath m an d u , N ep al

E - m a il: d ia n n a s @ t m p l.c a

E - m a il: a t h a r a i@ w lin k .c o m

F a x : 2 5 0 -3 7 1 -4 0 0 1

F a x : 9 7 7 1 -4 3 2 2 4 3

P h o n e : 2 5 0 -3 7 1 - 4 0 1 7

P hon e: 9 7 7 1 -4 3 2 2 4 3

P h o n e : 6 1 - 3 - 9 7 0 7 -5 3 5 8

John Strub
Mary Smith

B a n g k o k 1 0 9 0 0 , T h a ila n d

Marie-Prance Therrien

N Y S t a t e D e p t o f P u b lic S e r v ic e

C a n a d ia n E n v ir o n m e n t a l A s s e s s m e n t A g e n c y

C e n t r a l M a in e P o w e r

A g e n c y B u ild in g 3

2 0 0 B o u le v a r d S a c r e - C o e u r
H u ll, P Q K I A 0 H 3 , C a n a d a

8 3 E d is o n D r iv e

A lb a n y , N Y 1 2 2 2 3 , U S A

A u g u s t a , M A 0 4 3 3 0 -6 0 0 9 , U S A

E -m a il: jm s @ d p s .s t a t e .n y .u s

E - m a il: M a r ie .F r a n c e .T h e r r ia n @ c e a a .g c .c a

F a x : 2 0 7 -6 2 1 -3 8 8 7

F a x : 5 1 8 -4 7 4 - 5 0 2 6

F a x : 8 1 9 -9 9 7 - 4 9 3 1

P h o n e : 2 0 7 -6 2 6 - 9 5 4 7

P h o n e : 5 1 8 -4 7 3 - 2 9 3 7

P h o n e: 8 1 9 -9 5 3 -2 5 3 7

948
David Thomas

Roger Trettel

George Walsh

E N S R C o n s u ltin g

N o r t h e r n E c o lo g ic a l A s s o c ia t e s

E c o lo g y a n d E n v ir o n m e n t , In c

6 0 6 0 M cD on ou g h D r S te O

4 5 1 P r e s u m p s c o t S t.

3 6 8 P le a s a n t V ieiv D r iv e

N orcross, G A 3 0 0 9 3 , U SA

P o r tla n d , M E 4 1 0 3 , U S A

L a n c a s te r , N Y 1 4 0 8 6 , U S A

E - m a il: d th o m a s @ e n s r .c o m

E -m a il: r tr e t t e l@ n e a m a in e .c o m

E - m a il: g w e ls h @ e n e .c o m

F a x : 7 7 0 -2 0 9 - 9 8 8 0

F a x : 2 0 7 -8 7 9 - 9 4 8 1

F ax : 7 1 6 -6 8 4 -0 8 4 4

P h o n e : 7 7 0 -2 0 9 - 7 1 6 7

P h o n e: 2 0 7 -8 7 9 -9 4 9 6

P h o n e: 7 1 6 -6 8 4 -8 0 6 0

Don Thompson

John Ward

Kathryn Trudell

P e tr o C a n a d a O il & G a s
P O B ox 2844

Jo h n W a r d & A s s o c ia t e s L td .

E le c tr ic P o w e r R e s e a r c h In s t it u t e
3 2 1 S e th C ir c le

C a lg a r y , A B T 2 P 3 E 3 , C a n a d a
E - m a il: d th o m p s o @ p e tr o -c a n a d a .c a
F a x : 4 0 3 -2 9 6 - 3 7 4 0

C a lg a r y , A B T 2 K 6 J8 , C a n a d a

M a d is o n , W I 5 3 7 1 6 , U S A
E - m a il: k tr u d e ll@ e p r i.c o m
P h o n e: 6 0 8 -2 2 1 -4 9 7 5

Suphon Tubtimcharoon
C an ada

5 0 1 U n iv e r s it y C r e s e n t
W in n ip e g , M B R 3 T 2 N 6 , C a n a d a
E - m a il: T h o m s o n B @ d fo -m p o .g c .c a
F a x :2 0 4 - 9 8 3 - 2 4 0 2
P h o n e : 2 0 4 -9 8 3 - 2 3 8 0

E - m a il: jw a r d @ c a d v is io n .c o m
F ax : 4 0 3 -2 8 2 -6 7 6 4
P h o n e: 4 0 3 -2 8 2 -6 7 6 4

P h o n e : 4 0 3 -2 9 6 - 6 7 9 9

Elizabeth Thomson
F is h e r ie s &■ O c e a n s

P O B o x 7 5 0 7 0 C a m b r ia n

P e tr o le u m A u t h o r it y o f T h a ila n d
5 5 5 V ib h a v a d e e R a n g s it R d

Walter Watt
T r a n s -N o r t h e r n P i p e lin e s In c.
4 5 V o g ell R o a d , S u ite 3 1 0
R ic h m o n d H ill, O N L 4 B 3 P 6 , C a n a d a
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