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Preface

The Sixth International Symposium on Environmental Concerns in Rights-of-Way 
Management is the latest in a series begun at Mississippi State University in 1976 and 
subsequently held at Ann Arbor, Michigan in 1979; San Diego, California in 1982; 
Indianapolis, Indiana in 1987; and Montreal, Quebec, Canada in 1993. The Sixth Interna
tional Symposium was sponsored by Entergy Services, Inc. and the Electric Power 
Research Institute with support from the American Cyanamid Company, the Edison 
Electric Institute, the Gas Research Institute, and the New York Power Pool, and was 
organized in association with a steering committee representing industries, agencies and 
universities concerned with research and management of electric, highway, pipeline, and 
railroad rights-of-way.

The management of rights-of-way by electric and telephone utilities, highway de
partments, gas pipeline companies, and railroads around the world is guided and 
constrained by policies and regulations to protect the environment. In their efforts to 
comply with these regulations, companies are seeking the most cost-effective man
agement practices which, at the same time, demonstrate stewardship of the environ
ment. Protection of biodiversity and sustainable development are especially important 
as national goals in many countries, and rights-of-way managers are seeking practical 
ways to include public participation in their operations.

The Sixth International Symposium addressed environmental issues in rights-of- 
way planning and management, and provided a forum for information exchange among 
various agencies, industries, environmental consultants, and academic organizations. 
The Symposium provided a research update and achieved a better understanding of 
current environmental issues involved in rights-of-way management, focusing on these 
specific topics: Biodiversity, Cultural, Erosion Control, Geographic Information Systems, 
Project Planning, Public Involvement, Roads, Vegetation Management, Wetlands, and 
Wildlife.

Overall, we feel the objectives have been met. Of the 80 presentations made at the 
symposium, this book contains 63 peer-reviewed papers.
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The Sixth International Symposium on 
Environmental Concerns in Rights-of-Way 

Management —  Summary Statement

John W. Goodrich-Mahoney, James R. Williams, Dale H. Arner, 
Kevin T. McLoughlin, Dean Mutrie, Jan R. Wisniewski,

and Joe Wisniewski

The Symposium entitled "Sixth International Symposium on Environmental Concerns in Rights- 
of-Way M anagement" was held in New Orleans, Louisiana, USA during 24-26 February 1997. This 
paper provides the highlights from both the presentations/papers and the discussions throughout 
the Symposium; including vegetation management, wildlife, biodiversity, wetlands, erosion con
trol, pesticides, cultural, roads, project planning and geographic information systems (GIS). A 
background of the past five Symposia is included illustrating important historical changes and 
research highlights.

Keywords: Rights-of-way, vegetation management, project planning, wetlands, wildlife, biodiver
sity, roads, erosion control, pesticides, cultural

BACKGROUND AND TRENDS IN RIGHTS-OF-WAY 
RESEARCH AND MANAGEMENT

The Sixth International Symposium on Environmental 
Concerns in Rights-of-Way Management provided an 
opportunity for individuals to come together to ex
change information on the planning and management 
of rights-of-way (ROW). The Symposium was interna
tional in character, with fourteen countries represented 
though presentations and posters, covering research in 
electric utility powerline, gas pipeline and road ROWs. 
This Symposium built on prior Symposia, the first of 
which was held in 1976 and subsequently approximately 
every four years thereafter, but also reflected current 
changes in research directions as new issues have come 
to the forefront and older issues have matured.

Rights-of-way route selection
Arner (1997) noted in his keynote address that a review 
of the papers from the prior Symposia (Arner and 
Tillman 1976, Arner and Tillman 1979, Crabtree 1984, 
Byrnes and Holt 1987, Doucet, Segurn and Giguere 
1995) shows a major decline in research efforts devoted 
to route selection for electric utility transmission lines.

Approximately, a third of the papers presented at the 
first three Symposia dealt with this issue. These early 
papers addressed computerized modeling and meth
odologies for ROW selection. By the fourth Sympo
sium, papers dealing with route selection had declined 
to less than a quarter of the papers presented, and by 
the fifth and sixth Symposia, this subject was repre
sented by only a few papers.

Rights-of-way vegetation development and 
maintenance
Rights-of-way vegetation development and mainte
nance has been a major topic at all six Symposia, rank
ing either first or second in reported research efforts. 
The early Symposia dealt mainly with vegetation man
agement in electric utility powerline ROWs; at later 
Symposia, gas pipeline and highway roadside vegetative 
management papers and discussion increased. The im
pact of ROW maintenance treatments on wildlife habi
tat enhancement were included in all Symposia.

Chemical treatment to suppress undesirable vegeta
tion has been the most frequently reported method in 
ROW maintenance in all six Symposia, with the em
phasis declining in the more recent Symposia. Pioneer
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work by Egler (1975) in developing vegetation configu
ration on electric utility powerline ROWs apparently 
influenced a number of researchers, as this approach to 
ROW management was a central theme in their re
ported research in early Symposia.

Rights-of-way construction and maintenance
The impact of ROW construction and maintenance on 
wildlife and wildlife habitat constituted a large portion 
of the papers reported in the first two Symposia. Wildlife 
papers, however, progressively declined in the follow
ing Symposia. The subject matter dealing with effects 
on wildlife did not show any discernible trends from 
the first through the sixth Symposia. There has been a 
wide spectrum of other subjects discussed in the past 
Symposia, which depended on the current topics of 
interest, ranging from collision of migrating birds with 
overhead transmission lines to habitat enhancement. 
Response by mammals and birds to ROW develop
ment and maintenance techniques was reviewed and 
discussed in papers at past Symposia. A number of 
papers presented at the fourth and fifth Symposia dealt 
with the impact of pipeline construction on stream 
fauna, and wetland flora and fauna. Papers on visual 
aesthetics did not reach a significant level until the fifth 
Symposium

Relevant issues minimally addressed
Although mechanical cutting has been one of the most 
widely used techniques in ROW management, there is 
a noticeable paucity of information reported in the six 
Symposia. The use of overseeding and fertilizing on 
different ROW maintenance treatments has been 
largely neglected, and in only the early Symposia was 
the use of soil amendments evaluated through in- 
depth studies. Although fire historically has been used 
to reduce woody vegetation and enhance grass/herba- 
ceous vegetation, only two in-depth studies on the 
subject were reported in the early Symposia. There is 
also a scarcity of well-designed studies addressing the 
role of allelopathy, the suppression of growth of one 
plant species by another due to the release of toxic 
substances, for the control and maintenance of vegeta
tion on ROWs.

HIGHLIGHTS OF SIXTH INTERNATIONAL 
SYMPOSIUM

Vegetation management
As a matter of public safety and system integrity, the 
owners and operators of various types of ROWs have 
a continuing need to control the type and density of 
vegetation occupying their ROWs (Johnson 1997). This 
long-term vegetation maintenance requirement of 
ROWs involves numerous environmental and other 
concerns ranging from aesthetic considerations to the 
utilization of herbicides and their potential effects on

wildlife and their habitats, to the control of non-point 
sources of water pollution. Additionally, ROW man
agement activities usually are guided and constrained 
by policies and regulations developed by federal and 
state regulatory agencies, and affected groups are in
terested in collecting good data to support regulatory 
development and other activities (Norris 1997).

The greatest number of papers presented at this 
Symposium had "Vegetation Management" as their 
central topic or as a peripheral theme. The first Sympo
sium session entitled "Integrated Vegetation Manage
ment" (IVM), was composed of papers concerning this 
new holistic approach to the management of ROW 
vegetation, which borrows from the agricultural devel
opment of Integrated Pest Management (IPM). IPM 
balances the use of cultural, biological, mechanical and 
chemical procedures for controlling undesirable plants, 
mainly in tall-growing vegetation in the ROW. The 
history of ROW vegetation management in New York 
was discussed by Jackson (1997), Morrow (1997) pro
vided the basic theoretical concepts of applying IPM to 
the management of ROW vegetation, and McLoughlin 
(1997) described its practice in New York State.

The theme of a number of papers was the estab
lishment of low-growing desirable plants, such as old 
field vegetation, as a technique to help preclude the 
growth and development of tall-growing trees, and to 
add to the species diversity on the ROW and to provide 
increased wildlife food and cover values. Assessing the 
effects of routine ROW maintenance activities was an
other environmental concern covered. The effects of 
ROW vegetation management upon wetlands and en
dangered species were of utmost concern to ROW 
managers, as evidenced by papers presented on these 
environmental regulatory topics. Economic evalu
ations of ROW vegetation management programs and 
their effectiveness in removing the target species are of 
continued general interest.

The ROW vegetation dynamics (Jackson 1997) that 
occur are only, in part, attributable to the vegetation 
management techniques performed. Understanding 
this will enable the ROW manager to better utilize 
natural ecological trends and identify those advanta
geous aspects of plant competition and successional 
tendencies for a successful long-term, least-cost and 
environmentally compatible ROW vegetation manage
ment program. To accent the international presence at 
this Symposium, two papers from abroad were de
voted exclusively to the general topic of vegetation 
management under electric power lines, as currently 
practiced in two locations in Europe [Spain (Camacho 
1997) and Austria (Draxler 1997)].

One of the most important aspects of this Symposium, 
was the opportunity to gain a better understanding of the 
current trends and new techniques available for ROW 
vegetation management. Two new ROW vegetation 
management techniques stood out for their innovative 
application of previously used materials or methods.
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Herbicides have been used for years by ROW vegetation 
managers to control the regrowth of incompatible spe
cies. Over the years, more selective application tech
niques have evolved that reduce the volume of herbicides 
required to effectively subdue troublesome species. The 
latest "volume reducing" herbicide delivery method was 
the herbicide wiping technique, which combines a me
chanical method of physically "scratching" the tree stem 
while applying a minimal dose of chemical in a highly 
efficacious and cost-effective treatment (Anderson 1997).

Another ROW vegetation management method dis
cussed that was entirely mechanical in nature, in
volved the control of laterally rooted target species 
with the use of deep-blade plowing that can be used in 
rock free sandy soil. First, mowing of the ROW occurs 
to physically remove the above-ground portions of the 
target species. This is followed by the "plowing" opera
tion, which involves a curved blade that severs the 
lateral root systems. After this below-ground root cut
ting action, the normal regrowth by root suckering 
and/or stump sprouting is reduced substantially due 
to this severe disturbance of the root system. Unlike 
other "plowing" operations, such as shear-dozing, the 
relatively thin blades entering the soil in this procedure 
produces only a minimum amount of surface soil dis
turbance and thus the potential for erosion and the 
production of sediment, a major component of non
point source water pollution, is curtailed.

Innovative research also is being conducted to de
velop small stature trees through controlled hybridiza
tion (Pellett 1997) for certain ROW applications that 
may find its greatest potential to be compatible tree 
growth along and under electric utility transmission 
and distribution lines.

Wetlands
Designing, building and maintaining ROW projects 
throughout wetland areas of all types has and will 
continue to pose special environmental concerns for 
ROW managers. Many wetland ecosystems can be es
pecially sensitive to construction and maintenance ac
tivities, while others have shown a strong capacity to 
recover naturally from such activities. For some wet
lands, there may be little indication of effects on habitat 
initially following construction; however, monitoring 
of the environment may show long-term effects due to 
hydrologic modifications. McMullen (1997) compared 
different wetland planting mixtures and techniques 
used within a newly constructed gas pipeline ROW, 
including allowing the ROW to recover without ma
nipulation. After three years, all study areas contained 
the same species, regardless of treatment, and matched 
the control area in species composition and abimdance. 
McMullen suggests that in certain wetland habitats, the 
cost and effort to promote custom seeding is unwar
ranted; rather, it may be more cost effective to store the 
topsoil to one side during construction and replace and 
grade properly following construction.

Gaskin (1997) discussed two different clearing meth
ods (machine versus hand-cleaning) used in wetlands for 
constructing an electric utility transmission line. The 
study compared the use of a low-ground pressure equip
ment method and a typical upland clearing timber 
method where vegetation is grubbed, shear-piled, 
burned, and disked. Change to wetland functions were 
measured using the Corps of Engineers' newest wetland 
classification system, known as the Hydrogeomorphic 
Functional Assessment Method (HGM). The study con
cluded that the greatest change to wetland functions oc
curred with the upland clearing method. The low-ground 
pressure equipment method resulted in small increases in 
soil temperature, lower decreases in soil macroporosity 
and more rapid vegetation recovery. Gaskin concluded 
that the low-ground pressure equipment method can be 
cost-effective during the dry season on a wetland that has 
a seasonal water table drawdown.

Wildlife
Sheridan (1997) suggests that ROWs are refugia for 
rare or threatened plant species. Historically, fire sup
pression, beavers and various vegetation management 
techniques have adversely affected rare plants. This 
study examined numerous ROWs in Georgia, Virginia 
and Maryland and found that many rare plant species 
are confined exclusively to utility ROW. Sheridan re
ports 57 rare plants in 53 ROW locations, with 10 rare 
plant species found in a small area of a single ROW in 
Virginia. Routine maintenance of ROW such as selec
tive removal of competitive species, mechanical and 
chemical treatments and physical disturbances all fa
vor many species of rare plants. Rare plant species 
benefit by tree and shrub clearing, which generally 
result in early successional conditions. However, the 
use of chemicals can dramatically reduce the presence 
of rare plants in some areas. In one instance, where 
broadcast chemical spraying was used for clearing 
vegetation, it took 10 years for a rare plant population 
to recover to pre-spray conditions.

Project planning
During the planning stage for ROW projects, costs to be 
incurred is of prime importance. Environmental, social 
and cultural factors can significantly affect project 
costs, and there are many different ways of assessing 
and addressing these types of costs. It is clear that early 
public participation in the planning process is a key to 
reducing cost. An open dialogue with a diverse group 
of stakeholders well before construction commences 
will reduce project delays and cost overruns.

Santos (1997) discussed how resettlement of indi
viduals was conducted for a plarmed hydroelectric fa
cility. The key to success was individual treatment and 
follow-up. Each affected individual had an option of 
direct payment or resettlement to predetermined loca
tions. In establishing the resettlements, attention was 
paid to reconstructing the new surroundings to match
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the displaced individuals' social, economic, organiza
tional and cultural networks. In a more general presen
tation, Scott (1997) reviewed a team building approach 
that involved industry, government and landowner 
interest groups in a committee designed to create a formal 
process of issue identification and resolution. This proc
ess led to a speed-up of the regulatory approval process. 
Rinebold (1997) discussed the value of life-cycle analysis, 
which incorporates both traditional costs and environ
mental considerations. This approach is gaining increas
ing recognition as an important decision-making tool in 
the evaluation of utility projects, and as a key element of 
future environmental management programs. Environ
mental life-cycle costs (i.e., all costs from purchase and 
use through disposal) associated with the development 
and operation of transmission projects were identified 
and discussed. Methods for evaluating and comparing 
costs were assessed, and recommendations were made 
for future use in identifying environmental life-cycle 
costs for transmission projects.

Jenkins (1997), Macks et al. (1997) and Scott (1997) 
discussed different stages in pipeline projects from plan
ning and construction through abandonment. Jenkins 
(1997) discussed the third party environmental impact 
statement preparation process, under the United States 
National Environmental Policy Act (NEPA). This process 
offers advantages when a qualified consultant assists a 
Federal agency with limited fimding or staff resources. 
Care must be taken, however, to manage the contract 
between the pipeline company and the consultant when 
the consultant is working only at the direction of a Federal 
agency. Jenkins noted that it is helpful to have lengthy 
discussions with a Federal agency prior to filing and that 
the filing should be as complete as possible.

Macks et al. (1997) described his Agency's compliance 
monitoring program and quoted statistics from five re
cent pipeline construction projects. While the pipeline 
companies had filed detailed construction plans prior to 
the start of construction, the companies requested 926 
field changes, mostly for extra work space, off-ROW ac
cess and storage. There were also 318 non-compliance 
reports for infractions, such as off-ROW damages at 
slopes, wetlands and stream crossings. Macks, et al. noted 
that mairy of these problems could have been avoid by 
requesting sufficient ROW for the work; avoiding prom
ises that can not be kept; surveying stream bottoms 
beforehand so it is known if the proposed crossing proce
dure will work; having contingency plans on hand; using 
experienced environmental inspectors; and not using 
typical drawings in special situations.

Scott (1997) discussed the concerns in Canada over 
pipeline abandonment. Approximately 540,000 km of 
pipelines currently exists in Canada. Eventually, all 
pipelines reach the end of their useful life, at which 
point, the pipeliire must be abandoned in some man
ner. In Canada, there presently are no guidelines that 
address the appropriate manner of abandoning pipe
lines yet the regulators have identified three basic pipe

line abandonment options available — removal, aban
donment in place with continuing maintenance and 
outright abandonment in place.

With growing concern from industry and the regu
lators over the responsibility for abandoned pipelines, 
industry and government established a steering com
mittee in 1994 to review the issue of pipeline abandon
ment and provide a framework for identifying, 
examining and providing solutions satisfactory to all 
stakeholders. Scott described the steering committee's 
work, which has been published as "A Discussion of 
the Environmental and Technical Issues Associated 
with Pipeline Abandonments". The document is avail
able on the Canadian Association of Petroleum Pro
ducers Internet web site at http://www.capp.ca.

Mutrie and Gilmore (1997) provided an international 
perspective on environmental permitting for pipeline 
construction projects in the United States and Canada. 
Given the long lead times needed to obtain environ
mental permits and approvals, it is not uncommon for 
environmental personnel to be on board even before the 
engineering consultants have been hired. Some environ
mental requirements have reached the point of diminish
ing returns, as is evidenced by comparing requirements 
for pipeline construction in the United States and Canada. 
The United States National Environmental Policy Act 
(NEPA) has a new coimterpart in Canada in the form of 
the Canadian Environmental Assessment Act (CEAA), 
which has introduced considerable uncertainty into the 
approval process for pipeline projects. To date, both 
countries have achieved a high degree of environmental 
protection, but have followed very different approaches. 
Mutrie and Gilmore discussed how Canada could benefit 
from following the United States example in protective 
measures for endangered species and wetlands, incorpo
rating the environmental review process into the overall 
permitting process and strict enforcement of environ
mental requirements. The United States could follow the 
Canadian lead and incorporate more sophistication in 
soil handling techniques, streamUned procedures for 
dealing with cultural resources and opportunities for 
public involvement.

Biodiversity
Preserving and enhancing biodiversity is a subject that 
is receiving increased attention in the design, construc
tion and maintenance of ROWs. The general consensus 
that emerges from this Symposium is that both multi
ple vegetation control measures and techniques are 
needed to significantly increase biological diversity. 
Further, these multiple techniques should be quantified 
and the best techniques encouraged when optimization 
of wildlife habitat takes priority over establishing the 
lowest-cost/longest-term stable vegetation on ROWs.

To foster biodiversity programs, cooperation of in
dividuals from different scientific disciplines in envi
ronmental partnerships with ROW managers is 
desirable. A good example of this cooperation was

http://www.capp.ca
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presented by Davila (1997). The coastal and Andean 
areas of Colombia have high biodiversity values and 
many areas are considered globally outstanding. These 
areas are threatened by increasing fragmentation due 
to access roads, and efforts are now underway to de
velop a biodiversity management model to address the 
problem. The model includes establishing a biodiver
sity and habitat susceptibility database to generate 
maps that will assist in powerline route selection, as 
part of fhe environmental impact assessment process.

Holman (1997) illustrated how the electric utility 
industry in the State of Kentucky played, and contin
ues to play, an important role in formulating biodiver
sity policy and strategies. Electric utilities were 
represented on the State's Biodiversity Task Force, 
which prepared a report on the Biodiversity of Ken
tucky. One important contribution to date is a plan to 
collect seeds of native vegetation on existing ROWs 
and distribute the seeds to the State highway depart
ment and soil conservation groups for planting.

Shaw (1997) presented results of a biodiversity sur
vey conducted by the State of Maryland, which re
sulted following discussions at a recently held 
biodiversity conference (Mattice et al. 1996). Most re
spondents (i.e, electric utility regulatory and natural 
resource agencies in each state) felt that biodiversity 
was an important issue. There also was consensus that 
managing for biodiversity will become more important 
in the future. The State of Maryland is taking a proac
tive role by developing information and manuals to 
assist utilities in improving biodiversity efforts.

Roads
Highway construction and maintenance projects are 
increasingly employing the principles of landscape de
sign to enhance results and minimize environmental 
effects. These designs employ the philosophy that 
roads should not only serve as a conveyance, but 
should enhance the aesthetics for motorists and users 
of the surrounding land. In a 78-km project constructed 
by Cofiture in central France (Galet 1997), the land
scape was classified into preferential views from the 
perspective of the driver. These views were enhanced 
by selected plantings both on and off the ROW. Re
sponsibility for managing the off-ROW plantings will 
be the responsibility of the landowner after four years, 
with the expectation that most landowners will con
tinue to maintain, or at least not remove, the plantings. 
Other design elements included overpasses for upland 
wildlife to prevent mortality from traffic.

Storey (1997) presented a similar approach used in a 
conceptual design study for a section of an urban high
way in Houston, Texas. The objective of the design was to 
create a sense that it is more than just a highway by 
integrating landscaping and other uses. Space for addi
tional high-occupancy vehicle lanes was obtained by re
placing sloped concrete sides with a combination vertical 
retaining wall and sound barrier. Hiking and bike trails

were placed outside the retaining wall/sound barrier 
to facilitate multiple use of the easement. Transparent 
materials in the sound barrier provided a visible con
nection across the highway for users of the trail.

Harper-Lore (1997) discussed how the Federal High
way Administration, in an effort to implement a 1994 
Executive Memorandum from the Clinton administra
tion, is conducting educational programs to encourage 
vegetation managers through out the U.S.A. to adopt a 
more ecological approach to managing highway ROWs. 
The memorandum strongly encouraged federal agencies 
and federally funded projects to plant native species, 
where feasible, and to use herbicides in an environmen
tally responsible manner. This approach, which repre
sents a radical departure from the "front yard" 
philosophy of ROW maintenance, was readily accepted 
by highway departments in about half of the United 
States. Using native species and less herbicides is seen as 
a way to save on maintenance costs while enhancing the 
natural environment, although the approach is not 
viewed simply as a highway beautification program.

Summary
As we move into the next century, industries, espe
cially electric utilities, will be challenged as a result of 
deregulation and the further opening of global mar
kets. Those companies that are low-cost producers and, 
at the same time, can effectively balance costs with 
environmental protection, will be the most successful. 
As with any business decisions, knowledge is crucial to 
making good choices (Norris 1997), and the environ
mental arena is no exception. Research that produces 
relevant data is crucial to the development of better 
knowledge bases. Having the data removes uncer
tainty, increases the likelihood of acceptance of the 
conclusions, and will increase the quality of decisions, 
all of which have a direct bearing on costs. Costs for 
environmental protection also can be reduced through 
partnering and, in international operations, through a 
clear understanding of the social and cultural aspects 
of the host country (Tillman 1997).

This Symposium and the prior Symposia have ad
dressed many major Environmental Concerns in ROW 
management, yet there remain many other subjects 
that need attention (Amer 1997). These include, for 
example, the use of allelopathy to control unwanted 
species, fertilizing/seeding of ROWs, agency/utility 
company cooperation, and route selection as it relates 
to endangered species. It is hoped that future symposia 
will explore these issues in more detail.
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A Review of Upland Game Habitat 
Management on Rights-of-Way

Dale H. Arner

From a perspective of 45 years of research on rights-of-way (ROW) maintenance techniques used 
to enhance upland game habitat in the southeastern United States at minimal costs, a review and 
discussion is given of several techniques. The maintenance techniques reviewed are herbiciding, 
burning, and use of mechanical manipulation. The results of the use of seeding and fertilizing in 
combination with the above-mentioned maintenance techniques are presented and discussed. The 
nutritional value is given of those plant species which most commonly occur in ROW developed 
by different maintenance techniques. Management recommendations are suggested for ROW in 
different southeastern ecosystems.

Keywords: Right-of-way, herbicide, mow, bum , upland game

INTRODUCTION

In the southeastern United States, a great deal of effort 
has been expended on testing and evaluating the 
impact of different rights-of-way (ROW) maintenance 
techniques on upland game habitat. The upland game 
species of major consideration are the northern bob- 
white {Colinus virginianus), the eastern wild turkey 
(Meleagris gallopavo), and the white-tailed deer (Odo- 
coileus virginianus). Most research efforts have centered 
on using herbicides, while less research effort has been 
put into burning, fertilizing, seeding, and mechanical 
methods. The purpose of this paper is to review and 
present pertinent information derived from working 
with the above-mentioned techniques for a period of 
over 45 years. Various maintenance techniques are re
viewed, and nutritional information is presented.

HERBICIDE USE

Herbicides are widely used to keep electric transmis
sion lines free of woody vegetation. They are readily 
available and easily applied. There is, however, a 
growing concern about the danger such chemicals may 
have on human health, and the hazard posed from 
run-off into streams and lakes, as well as underground 
water. The best approach in using herbicides is to use

them sparingly, and to use those which do not leave 
residual toxicity for legumes. It should be recognized 
that herbicides do not have the same positive impact on 
germination of many species of herbaceous plants as 
fire and mechanical practices do.

In the southeastern U.S., ROW which have been 
treated with 2,4,5-T (trichlorophenoxyacetic acid) 
(Thom 1972; Huntley 1977) or Roundup (isoprolamine 
glyphosphate) (Hartley 1982) developed fewer leg
umes than burned, disked, or mowed ROW. Reduction 
of the number and coverage of legumes adversely im
pacts bobwhite habitat. Stoddard (1932) wrote that leg
umes are of such primary importance to bobwhites in 
the southeast that he relied on the abundance or scar
city of legumes as an index to quail populations of the 
region. The forage value to deer of many species of 
legumes is high due to nutritional content (Table 1).

Generally, herbicides can benefit deer and turkey 
more than they benefit bobwhites. The food resource of 
these two species can be increased by basal selective 
spraying of undesirable trees, e.g. pine, sweetgum, 
oaks, and hickories, to release and enhance growth of 
such fruit-producing shrubs and vines as blueberries. 
Viburnum, wild grape, green briar, and spice bush (see 
Table 1 for determination of nutritionally desirable 
deer food plants).

A long-range study at Mississippi State University 
(Amer, Glover, Hartley, and Huntley 1987) showed
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Table 1. Proximate analysis of some common forage plants, 
fruits, and seeds (reported in percent)

Crude
protein

Crude
fiber

Crude
fat

Ash

Forage
A nisostichus  sp. 27.1 29.3 6.0 5.5
C ornus flo rid a 28.9 14.5 6.7 6.3
Ilex glabra 6.4 15.4 9.2 3.0
Ilex vomitoriu 8.1 26.6 5.2 3.1
Loliw n perenne 22.1 16.2 9.0 10.9
Pinus echinata 3.7 26.2 9.7 4.3
P. palustris 1.8 42.5 8.2 2.7
P. taeda 3.3 33.3 10.8 3.9
Q uercus in cam 7.0 27.4 3.7 3.8
Q. laurifolia 4.8 26.0 4.0 3.7
Rhus radicans 36.8 19.5 4.5 7.5
Trifolium  repens 24.1 18.5 3.7 11.1
Vaccinium  arboreum 7.4 25.8 5.8 3.1
V. clliottii 6.1 28.6 8.6 3.8

Fruits and seeds
A xonopus affin is 11.9 2.6 4.0
Carya illinoensis 7.2 33.5 17.1 2.2
Celtis laevigata 2.9 13.8 1.1 55.0
Ci/perus csculcntus 7.9 5.3 21.0 4.8
C ornus flo rid a 6.5 25.1 18.7 6.0
Lathyrus sp. 24.3 11.8 0.2 4.0
Lindera benzoin 17.9 2.4 46.2 5.8
M alus angustifolia 30.6 20.5 5.7 3.3
Q uercus nigra 6.4 14.4 1.7 5.3
Q. lyrata 4.8 0.7 2.2
Sinilax  sp. 5.7 15.8 1.5 4.4
T nticum  aeslivum 11.9 2.6 2.0
Vilis sp. 2.5 28.8 3.1 6.5

that herbicides will be required to renovate ROW that 
have been maintained by mowing or burning after a 
period of 10-12 years. Rights-of-way in the MSU study 
that had been maintained either by mowing every third 
year or burning every second year gradually became 
dominated by encroaching root suckers of sweetgum 
and sumac. These species, along with sassafras and 
gallberry, respond to cutting or burning of the main 
stem by sending up numerous root suckers each time 
the stem is severely injured. After four or five ROW 
treatments of either cutting or burning, the greater part 
of the ROW becomes dominated by the suckering spe
cies, with a resulting decrease in herbaceous plants. 
Many of these herbaceous plants are choice food plants 
for upland game. With the decrease in desirable food 
plants, a radical reduction of the suckering species 
becomes necessary before a burning or mowing regime 
can be resumed. To accomplish this reduction, herbi
cides provide the most effective solution. It should be 
noted that when shrubs such as sumac are favored by

herbicide selection, results will be the same, with the 
entire ROW dominated by sumac.

Herbicides applied in a selective manner can be 
used on hilly or rough terrain, whereas, the develop
ment of fire lanes may create erosion problems, and the 
roughness of terrain can create hazardous mowing 
conditions.

Total costs of herbicide application vary widely de
pending upon herbicide cost, method of application 
e.g. knapsack sprayer, tractor sprayer, or aerially. Cur
rent costs reported by utility companies in Mississippi 
ranged from $395 to $556 per ha ($160 to $225 per acre).

USE OF m e c h a n ic a ;.. m e th o d s  

Mowing
Within the last two decades, rotary mowing has dis
placed hand cutting of woody vegetation on ROW, and 
has become a widely-used practice in ROW mainte
nance. Rotary mowers can cut woody plants up to 1.5 
inches in diameter. The cost of mowing is competitive 
with that of broadcast spraying, and less than selective 
spraying. Mowing can be used in a selective manner, 
whereby undesirable plants are mowed, and desirable 
plants are left intact (Hartley and Arner 1982). Mowing 
during colder months of the year will induce sprouting 
of woody plants and increase palatable deer browse. In 
several Mississippi studies, mowing produced more 
desirable quail food plants than did herbicide use 
(Huntley 1977; Hartley 1982; Hartley and Arner 1982). 
These researchers also found that legumes on mowed 
ROW could be increased by overseeding and fertilizing 
and were comparable in abundance to the burned plots.

In Alabama, a ROW maintained by previous winter 
mowings was characterized by mixed herbaceous 
openings and low resprouting brush habitat. Of the 
turkey nests Everett et al. (1981) found during their 
turkey research in north Alabama, 37% were found on 
this ROW, which represented less than 1% of the research 
area. Everett also reported that wild turkey nesting was 
greatly reduced on the area the first year after mowing.

Mowing of ROW is considered more favorable by 
utility companies for the following reasons: mowed 
terrain is more aesthetically pleasing to the general 
public than is the chemically sprayed or burned ROW, 
and potential risk of herbicide damage to adjacent lands 
is eliminated. Mowing costs vary; small local mowing 
operators usually underbid the larger vegetation mainte
nance companies. Terrain and distance from access high
way also influence costs. In Mississippi in 1996, TVA 
reported mowing costs of their powerline ROW ranged 
from $124 to $198 per ha ($50 to $80 per acre).

Disking
The disk has been used in the southeastern U.S. on 
ROW as a maintenance technique and to enhance up
land game habitat. In a three-year study in central
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Table 2. Common and scientific names of plants

Ash Fraxinus spp.
Beggarweed Desmodium spp.
Birch Belula spp.
Blueberry Vaccinium spp.
Blue grass Poa spp.
Brome grass Bromus secalinus
Broomsedge Andropogon virginicum
Browntop millet Panicum ramosum
Cedar Juniperus virginiana
Chufa Cyperus esculentes
Chinquapin Castanea pumula
Clover, red Trifolium pratense
Clover, white Trifolium repens
Crab apple Malus angustifolia
Crab grass Digitaria spp.
Dogwood, flowering Cornus florida
Gallberry Ilex glabra
Greenbriar Smilax spp.
Groundsel bush Baccharis halimifolia
Hawthorn Crataegus spp.
Hornbeam Ostrya virginiana
Lespedeza, Kobe Lespedeza striata
Lespedeza, sericea Lespedeza cuneata
Maple Acer spp.
Mulberry, red Morus rubra
Oak Quercus spp.
Oak, runner Q. pumila
Panic grass Panicum spp.
Panicum, spreadiirg Panicum rhizomatum
Partridge pea Chamaecrista fasciculata
Pecan Carya illinoensis
Pine Pinus spp.
Plum Prunus spp.
Red root Lacnanthes tinctoria
Ryegrass Lolium perenne
Sassafrass Sassafras albidum
Spice bush Lindera benzoin
Sumac Rhus spp.
Sweetgum Licjuidambar styraciflua
Vetch, hairy Vida villosa
Vetch, crown Coronilla varia
Viburnum Viburnum spp.
Wax myrtle Myrica cerifera
Wheat Triticum aestivum
Wild grape Vitis spp.
Winter pea Lathyrus sp.
Yaupon Ilex vomitoria

Mississippi, disking produced fewer desirable herba
ceous food plants than mowing, burning, or selective 
herbiciding; however, desirable grasses were more 
abundant over a two-year period on disked plots than 
on other treatments.

Disking operations conducted during experimental 
studies at MSU indicated costs were slightly higher 
than mowing.

Stoddard (1932) used disking in broomsedge fields 
during late winter to increase beggarweed and bush 
clover. He reported a fourfold increase of these plants

compared to undisked adjacent areas. However, it 
must be recognized that not all old fields will produce 
good stands of legumes by winter disking any more 
than similar poor soil areas will produce legumes after 
burning. Work by this writer has shown poor legume 
development in impoverished soil areas in the Lower 
Coastal Plain and the eroded Blackland soils of central 
Mississippi. Overseeding and fertilizing is again the 
key to successful enhancement of upland game foods 
on many southeastern soils of low fertility.

Prescribed burning
Fire has played a major role in vegetational develop
ment throughout the world. Studies of the impact of 
fire on the flora and fauna of the southeastern states 
have been lengthy and controversial (Komarek 1974). 
It is a recognized technique to establish desirable food 
plants for the northern bobwhite (Stoddard 1932; 
Rosene 1969). Burning dense herbaceous vegetation 
allows quail to move about and feed (Stoddard 1932). 
Grasses are important foods for the wild turkey 
(Korschgen 1967), especially panic, crabgrass, and 
bluegrass. Wheeler (1948) considered fire to be the 
most practical tool for developing and maintaining a 
stand of grasses in a clearing.

Winter burning
Plots that were winter burned on those soils which 
were higher in nutrient content, e.g. Piedmont soils. 
Upper Coastal Plain soils. Brown Loam soils, produced 
good stands of quail food plants. In contrast, plots 
burned on impoverished soils of the Lower Coastal 
Plain and Interior Flatwoods produced few desirable 
quail food plants (Arner, Clibum, Thomas, and Man
ner 1976).

In a study of various treatments in two different 
areas in east-central Mississippi, one area that was winter 
burned produced significantly more quail food plants 
than the area with basal or aerial spraying. In the other 
area, winter burning did not produce significantly 
more quail food plants than the mowed plots (Hartley 
and Amer 1982).

In 1996, costs for prescribed burning by the Missis
sippi Forestry Commission included $50 per hour for 
plowing fire lanes, and $15 per ha ($6 per acre) for 
burning.

Overseeding and fertilizing
Nutritional quality of upland game food plants varies 
widely in different plant species, in addition to, season
ally. Although utility-line ROW comprise relatively 
small acreage within southeastern forest ecosystems, 
they possess great potential to increase upland game 
populations by increasing habitat quality. Improving 
the habitat involves developing quality food and cover. 
Steen (1954) noted that in Missouri, wildlife popula
tions on low fertility Ozark Mountain Range soils had 
doubled and tripled by fertilization and proper tillage
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Table 3. Suggested planting recommendations for the 
mid-south

Plant species Seeding dates Seeding rate 
(lbs/acre)

Cost
($/lb)

Common, Kobe, and Mar 1-May 1 25-30 1.20
Korean lespedeza 

Browntop millet May 1-Jul 30 8-15 0.35
Partridge pea Dec 15-Feb 15 3 - 5 8.50
Hairy vetch Sep 1-Oct 15 25-30 0.86
White clover Sep 1-Nov 15 3 - 5 2.00

of no more than 1-2% of that range. Gardner and Amer 
(1968) showed that turkey hens fed on a supplemental 
diet consisting of white clover, chufa, wheat, and win
ter peas, produced nearly seven times the eggs of a 
group fed on a wild diet of acorns, honeysuckle, carpet 
grass, and brome grass.

Overseeding and fertilizing is usually needed on 
ROW located on nutrient-impoverished soils, or on 
ROW maintained by broadcast herbiciding. However, 
fertilizing on ROW which have remnants of desirable 
plant species is usually sufficient to increase by several 
fold the desirable plant species. If there is little evi
dence of desirable plant species on the ROW, fertilizing 
should be followed by overseeding of one, or a combi
nation of the following species: partridge pea, Kobe 
lespedeza, hairy vetch, white clover, red clover, brown- 
top millet, or rye grass (Table 3). Selecting proper food 
plants is dependent on the targeted upland game spe
cies. Partridge pea and Kobe lespedeza provide choice 
food through fall for bobwhites, while clover and rye 
grass provide nutritional food for turkey and deer. 
Hairy vetch and browntop millet are good food plants 
for quail and turkeys; however, vetch provides food 
during spring, and browntop provides summer food.

Seeding of tall fescue, sericea lespedeza, and crown 
vetch should be avoided. Tall fescue, widely used for 
waterway ditches and ROW, has little upland game 
food value. It is a cool-season perennial which spreads 
by rootstock, making it an aggressive plant that tends 
to crowd out more desirable plants. Sericea lespedeza 
is a perennial legume which produces seeds high in 
tannic acid and seldom used by upland game. The 
plant develops an extensive root system and a dense 
stand of vegetation, providing little space for other 
plants. Crown vetch also is an aggressive plant with 
little value as food for upland game.

ROW MANAGEMENT TECHNIQUES

Enhancing upland game habitat on electric utility line 
ROW should involve plants bordering the ROW, as 
well as plants growing on the ROW. Trees and shrubs 
growing on the periphery of the ROW will develop

larger crowns due to openings created by the ROW. 
Fruit production can be greatly enhanced by selective 
thinning in which undesirable trees are cut or poisoned. 
The species to be considered for removal are pine, birch, 
ash, maple, cedar, hornbeam, sweetgum, and groundsel 
bush. The species to be considered for saving are oaks, 
hickories, pecan, chinquapin, mulberry, viburnum, 
hawthorn, dogwood, crab apple, and plum.

To maximize upland game habitat on ROW in 
mixed hardwood/pine forests of the hilly to mountain
ous areas, roughly two-thirds of the ROW should be 
maintained in mixed shrub/grass openings and one- 
third in legume openings. The shrub/grass component 
can be most economically developed by selective mow
ing of the ROW, whereby only undesirable woody 
plants are mowed, with a herbicide used on the cut 
stobs. Native grasses and legumes will increase as the 
woody component decreases. Legume openings can be 
developed on the more level segments of the ROW by 
overseeding legumes (Note section on overseeding). 
Fertilization will enhance most seeded legumes on 
ROW of low to moderate fertility.

In the extensive pine forests of the Lower Coastal 
Plain, the need for herbaceous openings is critical for 
upland game. It is thus recommended that two-thirds 
of the ROW be developed into herbaceous openings 
and one-third into shrub/grass openings. Due to flat 
terrain, prescribed burning and disking become the 
more practical and economical techniques.

In the highly organic soils of pine savannahs and 
flatwoods, disking can be used to develop excellent 
stands of red-root, a perennial herb that produces 
abundant seed which are a good food source for up
land game birds and waterfowl. Panic grasses, espe
cially spreading panicum, frequently develop along 
with this species. The more moist sites in the pine 
flatwoods contain gallberry, which has a tendency to 
spread by fire. Disking must be deep and thorough 
to discourage gallberry, although data is not avail
able on the disking frequency needed to control this 
shrub.

Fire errhances many shrubs of value to upland game, 
such as blueberries, runner oak, wax myrtle, and yau- 
pon. In most of the more mesic sites where soils have 
developed from beds of unconsolidated sands and 
sandy clays, the soils will be highly acidic and low in 
fertility. Fertilizer is essential for successful estab
lishment and growth of overseeded species, such as 
partridge pea and Kobe lespedeza on burned sites. 
Four hundred pounds of 0-14-14 has proven to be 
adequate to establish partridge pea and Kobe 
lespedeza on burned, impoverished soils in south Ala
bama (Arner, Cliburn, Thomas, and Manner 1976). It 
may be necessary to add lime on sites that are disked 
and fertilized.

In all of these ROW treatments, maximizing plant 
diversity should be encouraged by shifting treatments 
around in the ROW maintenance schedule.
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SUMMARY AND CONCLUSIONS

Herbicides are most effectively used for reduction of 
undesirable woody plants, and are generally detrimen
tal to legumes. However, herbicides used in a selective 
manner can be used to enhance habitat for upland 
game. Rotary mowing produced more quail food 
plants than herbicide use or disking. Disking costs 
were higher than mowing. Winter burning produced 
more quail food plants than herbicide use, and cost less 
than the other treatments.

On soils of low fertility, overseeding and fertilizing 
were the key to enhancement of upland game foods. 
Regardless of maintenance techniques used, fertilizing 
and overseeding are necessary to establish desirable 
game food plants on nutrient-impoverished soils. 
Sericea lespedeza and crown vetch should not be 
seeded. A comprehensive review of pertinent literature 
indicated a paucity of information on use of fire, fertil
izing, and overseeding on ROW.

Game food plant species and the percentage of ROW 
developed in grass/shrub or legume openings will 
depend on the target upland game species involved, as 
well as the terrain.
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Environmental Impacts Associated with 
Routine Transmission Line Maintenance

John M. Bridges, Mary Barger, Nick Chevance, Ted Anderson,
John Holt, Rodney Jones, and Earl Nelson

The Western Area Power Administration (Western) operates and maintains more than 17,000 miles 
of transmission lines in its service area of 16 western states. As an agency of the U.S. Department 
of Energy (DOE), each action associated with the maintenance of this system is subject to review 
under the National Environmental Policy Act (NEPA), and other Federal, state and local environ
mental laws, regulations, guidance. Routine maintenance activities range from helicopter patrols 
to herbicide spraying, and pole change-outs to cross-arm replacements. Each of these activities has 
the potential to impact sensitive resources, such as unique farmlands and soils, sensitive cultural 
resources, endangered or threatened species, migratory birds, or important wildlife use areas and 
sensitive habitats. Western has developed routine compliance methods to meet our statutory 
requirements and to protect the resources. In addition. Western is developing ways to identify and 
remove from further consultation those tasks that can be done with little or no effect to sensitive 
resources. A main goal of the environmental program is to reduce impacts to sensitive resources. 
This can be accomplished by avoiding resources, develop means of modifying the activity or the 
normal ways of doing maintenance, and by providing sensitivity training to craft and trade 
workers. Working with maintenance crews in the early planning stage is the key to reducing 
impacts. Understanding maintenance work is the key to getting their help.

Keywords: Transmission lines, maintenance, environmental impacts, sensitive resources, impacts, 
cultural resources, biological resources, minimizing impacts

INTRODUCTION

The Western Area Power Administration (Western) is 
an agency of the U.S. Department of Energy. Western 
maintains four Regional Offices in Billings, Montana, 
Phoenix, Arizona, Loveland, Colorado, and Folsom, 
California. Western also has a customer service center 
for the Colorado River Storage Project in Salt Lake City, 
Utah, and a Corporate Service Office (CSO) in Golden, 
Colorado. Western markets the Federal government's 
portion of the electric power generated at 56 Federal 
hydroelectric dams and one coal-fired power plant to 
customers in 16 western states.

As an agency of the Federal government. Western is 
required to comply with a variety of environmental 
planning laws, regulations and Executive Orders for all 
of its actions. The laws and regulations include the 
National Environmental Policy Act (NEPA), the Na

tional Historic Preservation Act (NHPA), Native 
American Graves Protection and Repatriation Act 
(NAGPRA), American Indian Religious Freedom Act 
(AIRFA), the Migratory Bird Treaty Act (MBTA), Eagle 
Protection Act (EPA), and the Endangered Species Act 
(ESA). In addition, DOE has established procedures for 
implementing NEPA (10 CFR 1021) and the protection 
of floodplains and wetlands (10 CFR 1022). Western 
routinely operates and maintains more than 27,540 km 
(17,000 miles) of transmission lines and more than 250 
major substations, along with meter-relay stations and 
communication facilities.

Maintenance of existing electrical transmission fa
cilities results in environmental impacts. A common 
impression is that maintenance has no impacts because 
the construction of facilities has already been subject to 
environmental review. Many of Western's facilities 
were constructed before 1969, before NEPA or other
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environmental resource protection regulations were 
passed. The maintenance of transmission lines has 
changed, especially since many of our lines are now 50 
years old, which means more intensive maintenance 
than for a line that is five years old. Finally, lines sub
jected to NEPA review may have maintenance impacts 
that go beyond the original environmental study or 
mitigation, and the impacts of maintenance may not 
have been a part of the original study.

TYPES OF ROUTINE MAINTENANCE ACTIVITIES 
AND THEIR IMPACTS

Impacts of each of the general types of maintenance 
activities involve potential effects on sensitive cultural 
resources, protected plants, animals or habitats, impor
tant visual resources, and prime and unique farmlands. 
These may occur directly from the action, such as al
teration of habitats, loss of individuals or disturbance 
such that understanding and/or scientific value is no 
longer available. Impacts may also be indirect; for ex
ample, transmission lines provide access to areas pre
viously not open to humans.

Routine maintenance of transmission lines, using 
supporting structures of steel, concrete and wood, in
volve a variety of tasks, which will result in a variety of 
physical impacts. A listing of many of the job tasks is 
presented in Table 1. For illustration purposes, a few 
examples of environmental impacts are presented below.

Helicopter patrols may adversely affect big game 
species, primarily during parturition periods. They 
may also disturb migratory birds, such as raptors, nest
ing in the structures. Ground patrols may have the 
same impacts, but add the potential for ground-dis
turbing activities particularly if vehicles leave existing 
access roads or stray from the right-of-way.

Chemical vegetation control is mostly innocuous, if 
applicators follow herbicide labels, follow require
ments regarding the avoidance of wetlands and ripar
ian habitats, and ensure the herbicide does not leave 
the right-of-way. Mechanical control, especially when 
there are long periods between treatments, often in
volves ground disturbing activities, such as blading 
through dense stands of brush or pushing over larger 
trees. This can adversely affect biological resources 
through habitat alteration and direct mortality of spe
cies. Mechanical control can also affect surficial cul
tural resources (i.e., historic and prehistoric artifacts 
and features) which is obscured by heavy vegetation. If 
heavy equipment is used, it can also affect subsurface 
cultural resources.

Pole change-outs usually involve several mainte
nance vehicles, including truck-mounted augurs, 
cranes and bucket lift trucks, as well as heavy trucks to 
bring in new poles. The presence of this equipment and 
the necessary crew members can disturb wildlife spe
cies, particularly during sensitive periods in their an

nual life cycle. It also has the potential for disturbing 
both surface and subsurface cultural resources.

Replacing structure hardware, such as cross-arms, 
knee braces, or insulator bells typically requires several 
heavy duty trucks with equipment, a bucket truck, and 
crews to do the work. These activities occur at existing 
structures, using existing access roads. Because most of 
the work is performed overhead, impacts to the re
sources of concern are usually minimal. There is some 
potential for disturbing birds nesting on the structures. 
If the replacements are different from existing material, 
they may have visual impacts.

Access road work can include building new roads 
(because previous access is no longer allowed or avail
able); improving existing roads by cut and fill opera
tions (because of erosion or the need to bring in larger 
equipment than that for which the road was designed); 
or installing or replacing culverts, cattleguards, and 
gates. All these activities result in ground disturbance 
with the potential for visual, biological or cultural re
source damage or destruction, varying degrees of habi
tat alteration, and the possibility of affecting prime and 
unique agricultural lands.

ROUTINE COMPLIANCE ACTIVITIES

Federal and state resource management agencies usu
ally have staff trained in the resource disciplines that 
the agencies are interested in protecting, such as land
scape architects, archaeologists and ecologists. As an 
example. Western will contact agency archaeologists 
about cultural resource issues to identify sites that 
could be affected and for suggestions on which tribes 
should be contacted for consultation. The agency ar
chaeologists will be interested in any maintenance ac
tivity that will disturb ground. Archaeologists and 
Tribal representatives may also be interested when 
Western proposes to move lines or facilities that are 
found in archaeologically sensitive areas.

Under the National Historic Preservation Act, West
ern is required to consult with the State Historic Preserva
tion Officer (SHPO) on all activities that may impact 
properties that are eligible for the National Register of 
Historic Places. Western conducts surveys on all pro
jects that have the potential to impact historic proper
ties, then consults with the SHPO and any resource 
management agency on the likely impacts to those 
resources. Identification of sacred sites is done in consult
ation with the SHPO, tribes and other federal agencies. 
The sacred site issue can be a difficult one. Identifying 
these sites or placing boundaries on them is not easy. 
Usually, tribes are unwilling to make locations of sa
cred sites available. However, tribes now understand 
that they need to contribute to agency project planning 
efforts to protect sacred sites for their future use.

Besides consultation on individual actions. Western 
has initiated Programmatic Agreements (PAs) with the
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Table 1. Types of routine maintenance activities conducted by Western area

Line Maintenance
Aerial Patrol
Wood and Steel Structures

a. Framing
b. Repair of broken or loose pole guards
c. Pole top rescue and resuscitation
d. Wood pole replacement mider clearance and hot line 

orders
e. Replacement of knee braces
f. Replacement of crossarms
g. X-brace installation on wood structures
h. Assemble/disassemble
i. Repair and replace steel on steel structures
j. Installing dampeners
k. Suspension insulators
l. Set up of holan, condor, and Hi Ranger 

Insulators
a. Testing
b. Replace broken or defective insulators 

Aerial marker installation
[Driving ground rods 
Installation of anchors
Installation of armor rod and clipping-in structures 
Removal and installation mile markers 
Installation and removal of bird pans/bird guards

Communications Facilities Maintenance
Microwave towers and dish equipment

a. Installation and removal
b. Reflectors, ladder installation, safety cable for 

communications crew
Light beacon installation

Substation Maintenance
Installation of substation equipment (various)

a. Transformers
b. Regulators
c. Capacitors
d. Switches
e. Wave Traps
f. Bushings
g. Radiators

h. Breakers
i. Lightning Arrestors
j. Trenching
k. Grounding Mats 

Installing cut-out fuses
Adjust and clean discormect switches and contacts 

Switching
Transformer hook-ups 
Silsbee test of transformers

General Maintenance
Concrete work (incidental)
Installing and repairing culverts 
Installing and repairing fences 
Installing and repairing footings 
Constructing gates
Heavy Equipment driving, set up, and operating:

a. Line truck
b. Bucket truck
c. Digger truck
d. Dump truck
e. Pole truck
f. Stake bed truck
g. Tanker truck
h. Lowboy trailer
i. Cranes
j. Graders
k. Bulldozer
l. Front end loader
m. Forklift
n. Air compressor
o. Jack hammer
p. Generator
q. Splint driver
r. Backhoe
s. Chipper
t. Snowcat
u. Tractor (farm)

Installing rip rap
Application of soil sterilants and herbicide 
Tree trimming and felling, and brush clearing 
Welding

Advisory Council on Historic Preservation and certain 
SHPOs that contain negotiated lists of maintenance 
activities. In these agreement documents. Western es
tablished classes of maintenance activities that: (1) have 
almost no potential to impact cultural resources and do 
not require consultation or archaeological surveys; (2) 
have a low-to-moderate potential for impacting cul
tural resources and are reviewed to decide the need to 
do record searches and/or surveys; and (3) have a high 
potential to impact cultural resources and will always 
be subjected to an on-the-groimd survey.

Resource managers will also be consulted on biologi
cal issues. Included in this group are those managers 
responsible for the protection of endangered, threat
ened or sensitive species, critical or important habitats, 
and areas of concern or interest to the public. Resource 
managers represent not only state and Federal agen
cies, but also Tribes, environmental groups and the 
public. When it is determined that maintenance activi
ties may affect endangered or threatened species or 
designated critical habitat. Western will enter formal 
consultation with the U.S. Fish and Wildlife Service.
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Field surveys for sensitive resources are conducted 
routinely. These may include aerial surveys during 
routine line patrol for biological resources. Specific aer
ial surveys may be performed to address a specific 
activity or resource. For example, raptor nesting/roost
ing surveys are done before major activities at trans
mission structures. Pedestrian surveys are conducted 
to ensure that other resources are not impacted.

MINIMIZING IMPACTS

When potential impacts to individual resources are 
identified, the landowner or resource-managing 
agency is contacted to learn their requirements for re
ducing impacts to resources. Plans for the mitigation, 
minimization or compensation of those impacts are 
then developed after consultation and depending upon 
landowner/manager constraints. Western will first at
tempt to avoid impacting resources. When that is not 
possible. Western can look to other ways of mitigation. 
This could include timing the activity to reduce im
pacts, reaching a consensus with other parties on re
ducing impacts, modifying the maintenance activities, 
modifying the equipment, or providing sensitivity 
training to maintenance staff to reduce the likelihood of 
adverse impacts.

Avoidance of the resource is the preferred means of 
reducing impacts. Avoidance can be achieved by deny
ing or restricting access to the area. Some activities can 
be timed or access restricted during seasons when the 
resource is active or occupying the site. For example, 
most big game species have certain seasons when they 
need a certain type of habitat or undisturbed space, such 
as during reproductive activities. By timing maintenance 
activities to avoid those seasons, impacts are reduced.

When it appears Western cannot avoid a significant 
archaeological site. Western's environmental staff 
works closely with maintenance staff to find ways to 
reduce impacts. For example, where further archae
ological work will be needed to reduce impacts (ad
verse effects). Western will complete a Memorandum 
of Agreement with the SFFPO, land-managing agency 
and/or tribes that specify how impacts will be miti
gated. In cases where the impacts will be minor (not 
adverse). Western has successfully used archaeological 
monitoring to limit impacts during the maintenance 
activity. Depending on the activity, the monitoring 
could be for identification of subsurface remains or for 
avoidance of significant surface features.

Access road closure, gate installation, use of differ
ent types of vehicles, and other modifications to nor
mal maintenance procedures are often employed. For 
example, environmental staff will go to the field with
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Fig. 1. Sample page from Western's Job Hazard Analysis table for routine maintenance activities.
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maintenance crews to understand how the mainte
nance project will be done. Discussions in the field 
frequently result m procedures to reduce impacts. In 
one case where maintenance needed to blade the access 
road through an archaeological site, fill was brought in 
to "plate" (cover to avoid disturbing) the most sensi
tive part of the site.

The use of rubber-tired vehicles in place of tracked 
vehicles has been employed to reduce impacts to wet
lands in the northern Great Plains. Rubber-tired vehi
cles are also specified occasionally to reduce ground 
disturbance and impacts to cultural resources. How
ever, in instances when the resources are so fragile, 
such as vernal pools in California, routine access is 
monitored. Perches and raptor nesting platforms have 
been added to structures to entice raptors away from 
the conductors and insulators where their presence 
would cause flash-overs and bird electrocutions.

To assist in the training of apprentice crafts and 
trades. Western developed a job analysis, which gave 
detailed descriptions of each action an electrician, me
ter-relay mechanic or lineman had to do to perform a 
job. The analysis was originally prepared as Safety 
training modules for the Craft Training Center that 
Western and several of its customers developed. Using 
this job analysis, the environmental staff from West
ern's Regional Offices and CSO developed a list of 
environmental concerns associated with each action for 
each job. An example is provided as Fig. 1. Using these 
job analyses, environmental awareness or sensitivity 
training for the crafts and trade persormel has been 
simplified. As shown in Fig. 1, when an activity may 
affect an environmental resource, the simple answer is 
to contact environmental staff. If the foreman or super
visor needs more information, it will be provided if it 
is not restricted due to the sensitivity of the resource. 
This is the case with some endangered plants and some 
cultural resources. Rather than tie up line crews with 
long sessions of environmental awareness training, en
vironmental personnel will, if requested, sit in on the 
"tailgate sessions" in the morning before the crews go 
out. The only additional burden placed on mainte
nance crews is that environmental staffs be included in 
the long-range planning of maintenance activities.
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Edge Effects on Vegetation in Rights-of-Way

Jacques Brisson, Alain Meilleur, Marie-Josee Fortin,
and Andre Bouchard

As a result of an increasing use of ecological methods for the control of vegetation in rights-of-way, 
it has become necessary to understand the natural processes that are likely to facilitate or hinder 
management objectives. Several factors may influence species composition within corridors, but 
edge effects of the vegetation immediately adjacent to the right-of-way is one of the most important. 
To better measure and understand edge effects, we studied the spatial distribution of vegetation 
types on test right-of-way sites located in southern Quebec. Sampling was done along 133 transects 
located perpendicular to the right-of-way, with a distance of 50 m between transects. Each transect 
consisted of seven quadrats covering the vegetation within the corridor and two quadrats outside 
of the corridor. The results show that there is a strong edge effect on plant composition in the 
right-of-way corridor, especially when it is bordered by a forest. The edge effects result in a greater 
dominance of tree species and to a lesser extent a greater number of shrubs. Besides species 
richness, the species composition is also different at the edge of the right-of-way, with several 
species more likely to be found at the edge, while others occur more often in the central zone. There 
was little significant difference between north-facing and south-facing edges. Seed dispersal is 
assumed to be the main factor responsible for edge effects on plant composition. These results have 
implications on vegetation management in right-of-way corridors.

Keywords: Edge effects, corridor, right-of-way, spatial analysis, vegetation management

INTRODUCTION

One of the main objectives of vegetation management 
under powerline rights-of-way is to prevent or reduce 
the invasion or growth of trees. Environmental con
cerns brought an increasing use of ecological ap
proaches to right-of-way management. It has become 
necessary to understand the natural processes that are 
likely to facilitate or hinder management objectives 
(Berkowitz, Canham, and Kelly 1995). Site conditions 
such as water regime or surficial material may be im
portant factors in predicting tree invasion. For exam
ple, a humid depression supporting marsh plants 
such as cattail {Typha latifolia) will be less suitable to 
tree establishment, and thus will not require the 
same management as would a well-drained site of till 
deposit invaded by trembling aspen {Populus tremu- 
loides). Yet, in a study of the vegetation of a powerline 
right-of-way in southern Quebec, we found that envi
ronmental variables such as drainage and soil condi
tions explained only 29% of the variance in vegetation

based on a canonical correspondence analysis 
(Meilleur, Brisson, and Bouchard 1994). On right-of- 
way segments which are similar in abiotic condi
tions, some were strongly invaded by trees while 
others were dominated by shrub or herbaceous com
munities which are less suitable for tree invasion 
(Meilleur, Bouchard, and Bergeron 1994). From these 
observations, we hypothesized that the vegetation at 
the edge of rights-of-way may have a significant influ
ence on its composition.

Edge effects can be defined as the changes in struc
ture and composition of a community due to contact 
with another coiitmunity type. Because of the linear 
nature of rights-of way, adjacent neighboring commu
nities are always in close proximity, making edge ef
fects potentially important. In the case of the edge 
effects of a forest on an open community type such as 
a right-of-way, the most direct influence of the forest is 
through the seed dispersal, which initiates tree inva
sion. However, the proximity of the forest may also 
influence the composition of the right-of-way by other
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means (Forman and Godron 1986). For example, the 
forest may act as a refuge for herbivores which come to 
feed in the neighboring right-of-way. Thus, pressure 
from herbivores may be greater in a right-of-way bor
dered by forests rather than by agricultural fields. In 
addition, the forest may act directly on the environmental 
conditions of the right-of-way, by reducing or funneling 
winds or by reducing solar radiation and temperature 
through shading. All of these effects may in turn influ
ence the plant composition of rights-of-way. We must 
point out that despite the recent increase in scientific 
literature on edge effects, most of the articles focused 
on the effect of a non-forested site on a nearby forest 
edge, while few studied the opposite effects (Fraver 
1994; Fritz and Merriam 1994; Matlack 1994).

The goal of our study is to measure the edge effects 
in a powerline right-of-way using methods of spatial

analysis. We assume that the effects of bordering com
munities would be stronger at the edge of the right-of- 
way and decrease as we neared its center. We compare 
composition along transects perpendicular to the right- 
of-way in order to detect consistent differences in com
position.

METHODS 

Study site
The 60 m-wide right-of-way under study is for electri
cal powerlines. It is located in the south-western part of 
the province of Quebec (Canada), between the Saint- 
Lawrence River to the north and the state of New York 
(U.S.A.) to the south (Fig. 1). The region has a humid 
continental climate. The annual average temperature is

Fig. 1. Study area.
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6.1°C in Huntingdon (elevation 75 m) with mean temp
eratures of-10°C in January and 20.8°C in July (Anony
mous 1982). The average frost-free period is 140 days. 
The annual number of degree-days for plant growth is 
2093 (Wilson 1971). The regional bedrock are dolomite 
and limestone (Globensky 1981).

The area under study is part of the northern hardwood 
zone that belongs to the Great Lakes-Saint-Lawrence 
Forest region (Rowe 1972). Mesic forests are generally 
dominated by Acer saccharum, with Fagus grandifolia, 
Tsuga canadensis, Ostrya virginiana, and Tilia americana 
(Meilleur, Bouchard, and Bergeron 1994). Forests grow
ing on poorly drained soils or open sites are mostly 
dominated by Fraxinus pennsylvanica and Acer rubrum. 
Acer saccharimm can grow on more fertile and poorly 
drained sites, while on xeric sites Finns strobus, Acer 
rubrum, Popidus tremuloides and Betula populifolia are the 
dominant species (Meilleur, Bouchard, and Bergeron 
1994).

The right-of-way, created in 1977, was previously 
occupied by 13% cultivated fields, 30% abandoned 
fields or shrubs, 35% aspen forests and 22% forests 
dominated by species such as Acer saccharum. Thuya 
occidentalis and Pinus strobus. Since the opening of the 
corridor, the vegetation mosaic has been modified by 
three herbicide treatments (foliar application of 2,4-D + 
picloram) in 1978,1981 and 1984, as well as by manual 
cuts in 1987 and 1990.

Sampling
During summer 1994, we sampled in five sections of a 
32-km (20-mile) segment of the right-of-way (Fig. 1). 
These sections were selected in order to cover a wide 
range of community types bordering the right-of-way. 
Sections 1 and 2 are characterized by loamy soils and 
they are bordered by yormg disturbed forests and oc
casional agricultural fields. Section 3 is on well-drained 
moraine deposits and is mainly bordered by shrub 
communities and young forests. Section 4 is on sandy 
soil with imperfect drainage and is bordered by forests 
with different degrees of disturbance. Finally, Section 5 
is characterized by organic surface deposits with poor 
drainage, and it is bordered by forests and occasional 
agricultural fields. A total of 133 transects were located 
perpendicular to the right-of-way, with a distance of 50 
m between each transect within a right-of-way section. 
Each transect consisted of 7 quadrats of 5 x 5 m, equally 
spaced between both edges of the right-of-way corri
dor, with one quadrat right in the center (Fig. 2). Two 
additional circular quadrat of 15 m of radius were 
located in the adjacent communities on either side of 
the right-of-way. Their center was 20 m away from the 
nearest edge of the right-of-way (Fig. 2).

In each quadrat, we recorded microtopography and 
drainage. Percent plant cover was estimated for shrubs, 
trees and the most abundant herbaceous species. For 
less abundant herbaceous species or for more complex 
taxonomic groups, percent cover was estimated in

categories: sedges, graminoids, rushes, other herba
ceous species less that 30 cm high (low herbaceous), 
and other herbaceous species taller than 30 cm (high 
herbaceous). This method allowed us to efficiently in
crease sampling speed, and consequently sample size. 
In the forested quadrats, percent cover data for tree 
species were estimated for each of the following size- 
classes: (1) less than 5 cm in diameter at breast height 
(DBH), (2) DBH greater than 5 cm but less than 15 cm, 
and (3) DBH greater than 15 cm.

Analysis

Determination of discontinuities in right-of-way vegetation 
The goal of this analysis is to determine whether there are 
differences in vegetation from the edges of the right-of- 
way to its center by looking at discontinuities in compo
sition. Two different algorithms were used to detect these 
discontinuities. Each analysis was performed on the en
tire data set as well as on data sets divided by growth 
form (herbaceous, shrubs, trees) and by right-of-way sec
tions. While the lattice-wombling method finds disconti
nuities based on percent covers, the rate of change 
method is based entirely on presence-absence. The dis
continuities found in each method may reflect different 
responses to underlying environmental processes 
(Fortin, Drapeau, and Jacquez 1996).

The lattice-wombling method computes the first 
partial derivative in the x and y spatial direction given 
the value of a variable (here species percent cover)

60 m

Adjacent forest

I—I 5 m X 5 m
l _ l  quadrats

3D
2 0

.■iOm

□
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□

Right-of-way

Ad jacent forest

Fig. 2. Sampling design. BS = Quadrat in the plant community 
at the southern border of the right-of-way; BN = Quadrat in the 

plant community at the northern border of the right-of-way.
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between sets of four sampled locations that form a 
square (for mathematical details and assumptions, see 
Fortin 1994, and Fortin and Drapeau 1995). The magni
tude of rate of change in composition is calculated for 
the centroid location of each set of four samples. When 
the composition of the four corners is similar, the mag
nitude of the rate of change assigned to the centroid is 
close to zero, while it increases as the value at the four 
corners changes abruptly. Note that in our case, the set 
of four samples is defined as two neighboring quadrats 
of a transect, and their adjacent quadrats of the next 
parallel transect. The lattice-wombling method re- 
cjuires that rate of change be calculated on four points 
that are equidistant, which is not the case in our study. 
However, our results are valid since we consider rates 
of change in one direction only, perpendicular to the 
right-of-way. For multivariate data sets, the overall 
rate of change in composition is defined as the average 
rate of change of all the species' percent cover at a given 
centroid.

The second method looks at changes in composition 
based on species replacement along each transect ana
lysed individually, using presence-absence data. In 
tbis method, a rate of change between two neighboring 
quadrat is simply calculated as the sum for all the 
species of the difference-mismatch between two adja
cent sample locations along a transect (Oden, Sokal, 
Fortin, and Goebl 1993).

Both lattice-wombling and rate of change were cal
culated on observed data. To assess their statistical 
significance against the null hypothesis of absence of 
spatial pattern, 100 random permutations were gener
ated (Fortin 1994).

Relation between right-of-way vegetation and adjacent 
platit communities
Several characteristics of the vegetation in the adjacent 
plant communities were determined from the species 
data: total number of species, number of species and 
relative frequency of herbaceous, shrubs and trees (to
tal, <15 cm m DBH, >15 cm DBH). These characteristics 
were correlated with species diversity (total, herba
ceous, shrubs, trees) of each quadrat of the same tran
sect in the right-of-way, and rates of change of each 
quadrat pair as determined by the replacement 
method. Diversity was calculated as the average num
ber of species per quadrat position (average richness). 
Correlations were performed separately for the north
ern and southern adjacent plant communities.

RESULTS

In total, 102 species were sampled in the right-of-way 
and in the bordering communities, 71.6% of which 
were common to both territories. Of this total, 32 spe
cies were trees, 33 were shrubs and 37 were herba
ceous. However, our number of herbaceous is an

Right-of-way quadrat

Fig. 3. Average richness of species of herbaceous, shrubs and 
trees according to position of right-of-way quadrats.

underestimation given the broad categories that we 
established in order to speed up sampling. The average 
number of species of trees and shrubs was maximum 
at the edge of the right-of-way and decreased toward 
the center (Fig. 3). The opposite pattern was observed 
for herbaceous species. The greatest change in average 
species richness occurred between the outer quadrat 
pairs (1-2 and 6-7).

Sharp discontinuities, as determined by the rate of 
change in species composition, also occurred mainly 
between outer quadrat pairs, especially for tree species 
(Table 1). There were no strong differences between 
northern and southern edges, except in the case of 
herbaceous species where there was a greater total 
number of discontinuities at the northern edge. How
ever, this difference was not consistent across the entire 
right-of-way: it was entirely due to the contribution of 
Section 1, where there were seven significant disconti
nuities at the northern and none at the southern edge.

The pattern was slightly different when the Womble 
algorithm was used to determine sharp discontinuities 
in right-of-way vegetation. There were more signifi
cant discontinuities in the outer quadrat pairs than in 
central quadrats when tree species were considered, 
and to a lesser extent for shrub species, but the pattern 
was not as strong (Table 2). There was no clear pattern 
in the total number of discontinuities for herbaceous 
species. There were differences in patterns between 
right-of-way sections, with Section 5 showing 51 dis
continuities as opposed to only seven significant dis
continuities in Section 4. This difference may be only 
partly explained by the larger number of transects in 
Section 5 (37 transects compared to 21 for Section 4).

Most of the previous results suggest that the border
ing community has the strongest effect at the edge of 
the right-of-way, and that the effect is especially strong 
on tree species. The characteristic of bordering plant 
communities that shows the strongest relationship to 
the right-of-way vegetation is the number of species 
represented in the tree layer (DBH > 15 cm), which is a 
composite indication of the successional stage of the
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Table 1. Number of significant discontinuities in species 
composition between neighboring quadrats located in the right- 

of-way, as calculated by the rate of change algorithm

Table 2. Number of significant discontinuities in species 
composition between neighboring quadrats located in the right- 

of-way, as calculated by Womble algorithm

ROW
section

Growth
form

Right-of-way quadrats boundary ROW
section

Growth
form

Right-of-way quadrats boundary

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

1 Herbaceous _ _ _ 1 1 7 1 Herbaceous 3 _ _ 1 _ 1

Shmbs 1 - - 3 1 Shrubs 1 - - - - 4
Trees - - - - - 3 Trees - - 1 1 1 -

2 Herbaceous 1 1 _ _ 1 2 Herbaceous 3 6 1 2 4 _

Shmbs 3 1 1 - 5 Shrubs - - - - 1 1

Trees 8 - - - - 2 Trees 8 - - - - 1

3 Herbaceous 1 _ _ _ _ 2 3 Herbaceous — _ 1 _ _ _

Shmbs 1 - - - - 1 Shrubs - - - - - 2

Trees - - - - - 1 Trees 8 6 5 5 1 1 13

4 Herbaceous _ _ _ _ _ 4 Herbaceous _ _ _ _ _ _

Shmbs 3 - - - - - Shrubs - - - - - 3
Trees 1 - - - - - Trees - - - - 1 3

5 Herbaceous 3 1 1 1 3 2 5 Herbaceous 1 2 1 — 1 _

Shmbs 4 - - 1 3 - Shrubs 5 4 3 3 2 1

Trees 7 1 - - - 1 1 Trees 4 - - - - 7

Total Herbaceous 5 1 2 1 3 1 2 Total Herbaceous 7 8 3 3 5 1

Shmbs 1 2 1 1 1 3 7 Shmbs 6 4 3 3 3 1 1

Trees 16 1 - - - 17 Trees 2 0 6 6 6 13 24

Table 3. Correlation between tree diversity (DHP > 15 cm) in the conununities adjacent to the right-of-way (BS and BN) and the rate 
of change (herbaceous = H, Shrubs = S, and Trees = T) between the two nearest quadrats at the edge of the right-of-way. (+) = Positive 

correlation, (-) = Negative correlation, (*) Significance at p = 0.05, (**) Significance at p = 0.01, (***) Significance at p = 0.01.

ROW
section

Correlation between tree diversity in bordering forest 
south (BS) and rate of change between the two nearest 
right-of-way quadrats (1 - 2 )

Correlation between tree diversity in bordering forest 
north (BN) and rate of change between the two nearest 
right-of-way quadrats (6-7)

H S T HST H S T HST

1 _ +* +* +* + - +
2

_ * - + - - + -
3 - - + - + - + +
4 + + + _ - -
5 - + + + + + +

Total - + 4 - * * * + - + -

vegetation (abandoned fields and young communities 
have a value of 0) and of the diversity of the forest.The 
most significant correlation was between this measure 
and tree species diversity in the nearest right-of-way 
quadrat, both for the south and the north edges (Table 
3). This relationship may extend to the third nearest 
quadrat although the positive correlation was not sig
nificant. There was a negative correlation between tree 
diversity in the northern bordering forest and shrub

diversity in all right-of-way quadrats, while the rela
tionship with the southern forest was positive for the 
nearest quadrat and varied thereafter. There was also 
an apparent difference in the relation between herba
ceous species diversity in the right-of-way emd the as
pect, with an overall positive correlation for the 
southern forest edge and a negative one for the north
ern forest edge. However, few of these correlations 
were significant.
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Table 4. Correlation between tree diversity (DHP > 15 cm) in 
the communities adjacent to the right-of-way (BS and BN) and 
species diversity (herbaceous, shrubs and trees) in the right-of- 
way according to quadrat position. Note that the order of the 
quadrats reflects a decreasing distance from the edge; for BS 

from quadrat 1 to 7, for BN from quadrat 7 to 1.

Table 5. Species significantly more likely to be found at the 
edge of the right-of-way test with p < 0.05). (N) = More likely 

to be found at the northern edge

Right-of-way quadrats relative to their 
position from the bordering forest

1 st 2 nd 3rd 4th 5th 6 th 7th

Herbaceous -  BS + + +* + + +
Herbaceous -  BN - - - - - -
Shrubs -  BS +» + - +
Shrubs -  BN _*

T rees -  BS _!_*** + + + - +
Trees -  BN + - + + +

1st = nearest; 7th = furthest.

Tree diversity in the bordering communities also 
best explained the high discontinuities in tree species 
diversity between neighboring quadrats at the edge of 
the right-of-way. In all the sections, there were positive 
correlations (three of which were statistically signifi
cant) between bordering forest diversity and the rate of 
change of the two nearest quadrats, with the exception 
of the northern border of Section 4 (Table 4). The over
all relationship was highly significant for the southern 
border. There were no clear patterns for discontinuities 
in terms of shrub or herbaceous diversity.

Of the 25 tree species that occurred in all right-of- 
way sections, 19 were more likely to be found at the 
edge (Table 5). This included all four tree species that 
are considered shade tolerant, i.e. Acer saccharum, Fagus 
grandifolia, Ostrya virginiana, and Tilia americana. There 
was also a large number of shrub species that were 
more abundant at the edge, some of which are charac
teristic of the forest understory such as Acer spicatum, 
Cormis alternifolia and Taxus canadensis. There was only 
one herbaceous species, Apocynum androsaemifolium, 
that was significantly more likely to occur at the edge 
of the right-of-way. Of the 38 species showing prefer
ence to right-of-way edges, only two were significantly 
more likely to be found at one edge in particular: both 
Quercus macrocarpa and Vitis riparia preferred the 
northern edge (Table 5).

The picture was very different in the central zone of 
the right-of-way, where no trees and only two species 
of shrubs were more likely to be found (Table 6). In 
contrast, there were 11 species or categories of herba
ceous more likely to be found in the central zone. If we 
exclude the "high herbaceous species" and "low herba
ceous species" categories, about which no conclusion 
can be drawn, all of the others were species or genera 
characteristic of open communities.

Species Growth form* Shade tolerance*

H s T 1 M T

Acer rubrum X X

Acer saccharinum X X

Acer saccharum X X

Acer spicatum X X

Alnus rugosa X X

Amelanchier sp. X X

Apocynum androsaemifolium 
Betula alleghaniensis

X

X

X

X

Betula populifolia X X

Carpinus caroliniana 
Carya cordiformis

X

X

X

X

Celastrus scandens X X

Comus alternifolia X X

Cornus stolonifera 
Fagus grandifolia

X

X

X

X

Fraxinus pensylvanica 
Ilex verticillata X

X

X

X

Malus pumila 
Ostrya virginiana

X

X

X

X

Parthenocissus quinquefolia X X

Pinus strobus X X

Populus balsamifera X X

Populus grandidentata X X

Populus tremuloides X X

Prunus pensylvanica X X

Prunus serotina X X

Prunus virginiarux 
Quercus macrocarpa (N)

X

X

X

X

Rhamnus catharticus X X

Ribes sp. X X

Rubus odoratus X X

Taxus canadensis X X

Thuya occidentalis X X

Tilia americana X X

Ulmus americana 
Viburnum lentago X

X

X

X

Vitis riparia (N) X X

Zanthoxylum americanum X X

Total 1 18 19 16 16 6

‘Growtti form: H = fierbaceous, S = shrubs, T = trees.
Shade tolerance: I = intolerant, M = intermediate, T = tolerant.
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Table 6. Species significantly less likely to be found at the 
edge of the right-of-way (x  ̂test with p < 0.05).

-t—iL
Right-of-way

Species or categories Growth form

H s T

Asclepias syriaca X

Daucus carota X

Eupatorium perfoliatum X

Graminaceous X

Low herbaceous species X

High herbaceous species X

Hypericum perforatum X

Lytrum salicaria X

Pastinaca saliva X

Phragmites communis 
Rubus occidentalis

X

X

Salix petiolaris 
Scirpus sp. X

X

Total 1 0 2 0

DISCUSSION 

Edge effects
There is a strong edge effect on plant composition in 
the right-of-way corridor. This effect manifests itself 
especially at the very border of the right-of-way. When 
the community that borders the right-of-way is a forest 
with high tree diversity, the edge effect results in a 
greater dominance of tree species and, to a lesser ex
tent, a greater number of shrubs. Besides species rich
ness, the species composition is also different at the 
edge of the right-of-way, with several species more 
likely to be found at the edge, while others are more 
likely to occur in the central zone. The edge effect does 
not seem to extend very far from the edge, since be
yond a certain distance from it, the vegetation becomes 
more uniform.

It seems obvious that the proximity of seed bearing 
trees probably explains the pattern observed for tree 
species to a large degree, since seed dispersal is often 
cited as an important limiting factor in right-of-way 
corridors (Hill, Canham, and Wood 1995). Changes in 
the environment at the edge of the right-of-way may 
also be favorable to some species. For example, the 
southern edge experiences prolonged periods of shade 
when it is bordered by a forest, a factor that should

provide an advantage to species of intermediate to 
high shade tolerance. However, the low difference in 
species composition between the northern and south
ern edges of the right-of-way suggests that this factor 
does not play a major role in our case.

In the recent literature, the significance of the edge 
effects has been primarily studied in reference to the 
effects of abutting pastures or clearcuts on forest edges. 
It was found that these forest edges typically had in
creased solar radiation (Kapos 1989; Brothers and 
Spingham 1992), lower humidity and higher air tem
perature (Kapos 1989; Williams-Linera 1990), higher 
soil temperature (Brothers and Spingham 1992) and 
increased wind speed (Raynor 1971). These changes, in 
turn, alter plant species composition and structure. 
Forest edges generally have higher stem density than 
the forest interior (Wales 1972; Whitney and Runkle 
1981; Ranney et al. 1981), a greater proportion of shade 
intolerant species and exotic plant species (Whitney 
and Runkle 1981; Rarmey, Bnmer, and Levenson 1981), 
and a greater species richness (Brothers and Spingham 
1992). There were also differences between the north
facing edges as opposed to south-facing edges, with the 
edge effect generally strongest on south-facing edges, 
presumably due to increased solar radiation (Wales 
1972; Palik and Murphy 1990). While several studies 
showed results that were not always consistent with 
these generalizations (Matlack 1994; Murcia 1995), 
edge effects on forest ecosystems were often found to 
be an important factor in affecting plant composition 
and structure.

The edge effect of abutting forest on open plant 
communities such as abandoned fields or rights-of- 
way is also an important stmcturing factor, but one 
that has attracted much less interest in the scientific 
literature. While the edge effect on forests is assumed 
to be mainly due to changes in the physical environ
ment, the edge effect on open communities may be 
largely a result of a difference in propagule availability. 
Changes in solar radiation, humidity and temperature 
may also play an important role, and one that should 
be different between north-facing and south-facing 
edges, although our results do not reveal any such 
significant differences.

In the right-of-way corridor we studied, the estab
lishment of shade tolerant, forest interior species was 
almost entirely due to edge effects. Most other tree 
species were also more frequently present at the edge. 
The lesser abundance and diversity of herbaceous spe
cies at the edge is probably the result of competitive 
exclusion by shading from woody species. As a result, 
edges are more rapidly dominated by woody species, 
which eventually reach a development that is incom
patible with power-line operation and safety.

Management recommendations
The objective of vegetation management on powerline 
rights-of-way is to reduce woody plant populations
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that may interfere with powerline operation. The prox
imity of a forest enhances the invasion and dominance 
of tree species at the right-of-way edge, thus increasing 
the frequency of required interventions and the cost of 
vegetation management. Therefore, it is recommended 
that when new corridors are planned in a patchy land
scape, forest patches should be avoided when possible 
(Luken 1991). For existing rights-of-way, since the edge 
effect is particularly strong at the very edge of the 
corridor, the possibility of enlarging the corridor when 
it is bordered by a forest should be examined and 
weighed against other costs. The zone of significant 
tree invasion would then be located outside the origi
nal zone acceptable for powerline operation and safety, 
thus reducing intervention frequency. Finally, alterna
tive ecological methods for reducing tree invasion, 
such as the establishment of dense shrub or herbaceous 
communities that inhibit tree establishment (Meilleur, 
Veronneau, and Bouchard 1997) should be imple
mented preferentially at the edge of right-of-way corri
dors bordered by forests, in order to maximize their 
benefits.
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This study analyzes the main characteristics of a large number (450) of the most representative 
woodland species from both wet and dry regions in Europe and their relationship with high 
voltage overhead power lines, including all trees and most bushes and shrubs that form significant 
woodland communities on the Iberian peninsula. Once the initial species list had been compiled, 
the next step was to analyze the specific characteristics of each specie to assess its compatibility with 
overhead power lines, and create a database for easy selection of the most suitable species for each 
ecosystem. This compatibility is represented by an index obtained by first analyzing both morpho
logical and ecological characteristics of all species included in this catalogue, and then to identify 
those most suitable for the power line rights-of-way (ROW). These characteristics are: limited 
growth, poor combustion (low burning capacity or a tendency to retard the spreading of a fire), the 
covering of a large area to crowd out competition, soft stems for easy passage through the ROW 
and finally, a preference for light soil to prevent the invasion of existing pathways.
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BACKGROUND

Rights-of-way (ROWs) are one of the characteristic fea
tures of overhead power lines and are largely responsible 
for the environmental impact attributed to them. This is 
due to the fact that the opening up and upkeep of the 
rights-of-way (ROWs) implies a direct impact, significant 
in certain zones, on plant life and scenery, and an indirect 
impact on other environmental elements.

Red Electrica de Espana, the company responsible 
for running the Spanish National Electrical Grid, has 
developed a series of preventahve and corrective meas
ures designed to reduce or iriinimize the environmental 
impact of the opening and/or upkeep of the ROWs.

These measures concentrate on the reduction of the 
area to be cut or on the regeneration of affected areas, 
always in accordance with legal precepts and the nec
essary technical conditions for the correct maintenance 
and safety of the network and their surroundings. The 
corrective measures taken in new lines are based on the 
determination of the route to be followed and the con
struction methods used, as well as considering the

composition and characteristics of the woodland to be 
crossed.

With existing lines, however, this last aspect is the 
only one that can be acted upon. In this case mainte
nance measures are taken to reduce the impact on plant 
life of the opening and upkeep of the ROWs, based on 
the following actions: the maintenance of the existing 
plant formation, resorting to ROWs of variable width; 
selective cutting, allowing the preservation of any pro
tected species present; or the replanting of degraded 
areas with species compatible with the lines.

In many cases such measures carmot readily be 
taken due to a lack of knowledge about the species 
present, including whether or not they are protected 
and, in particular, the presence of species considered as 
suitable for co-existing with the line.

To solve this problem, the Environmental Service of 
Red El&trica, in collaboration with the Unidad Botanica 
del Departamento de Silvopascicultura de la Escuela Tec- 
nica Superior de Ingenieros de Montes (Botanical Unit of 
the Department of the Higher Technical School of 
Forest Engineering), has designed a project aimed at
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rationalizing the co-existence between power lines and 
plant life. This goal can be accomplished by increasing 
the knowledge of the behavior of the plant species 
forming the woodland community crossed by the lines 
and their degree of compafibility with power lines, and 
by setting up a tool allowing optimum long-term man
agement of the woodland formations (trees and 
shrubs) affected by the ROWs.

AIM OF THE CATALOGUE

In a country like Spain it is particularly difficult to draw 
up a list of species compatible with the power lines, due 
to tire richness and variety of the ecosystems found there. 
This means that very different species are present in 
various parts of the Iberian peninsula, and that the same 
species might grow to a considerable height in one area 
while it grows only to bush height in another area.

The objective of fhis work was therefore to analyze 
the most common woodland species by means of a 
detailed examination of the Iberian vascular flora to 
arrive at a catalogue of the species compatible with the 
lines in different bio-climatic zones. This would result 
in a list of those species that could be used to reduce the 
impact of the ROWs, either by maintaining these desir
able species in the ROWs or by establishing them to 
form a stable plant cover. Plants could be established 
by direct planting or allow nearby succession to occur.

The first step in drawing up this catalogue was de
termining the characteristics that the plant species 
must have to be considered as compatible with the 
lines, such as having a reduced maximum height, low 
flammability, etc., as well as taking into account the 
different environmental characteristics in the various 
zones of the Iberian peninsula. Once these charac
teristics were established, the next step was the to 
study an appreciable number of species to identify 
those whose presence in the ROWs could be consid
ered as compatible with the existing line, giving each 
species catalogued a compatibility index.

A selection of 450 Iberian flora species was used in 
compiling the catalogue, including all woody species 
belonging to the higher field layers (trees, shrubs and 
scrub). Most species selected for the analysis (400) are 
native to Spain, but a series of non-native or introduced 
species has also been included (about 50) due to the 
importance they have attained in Spanish plant life, 
such as the eucalyptus tree.

The catalogue includes an appreciable part of the 
woody plants of Europe, in parficular almost all of the 
higher level species of the Mediterranean area. Data 
obtained may well be extrapolated to countries border
ing the Mediterranean Sea, and as far as the species of 
Atlantic-type woodland plant communities are con
cerned, to the rest of Europe.

Once the compatible plant species catalogue was 
drawn up, a database was created including all the

catalogue species and their characteristics. A program 
for management of the database was also created, 
based on comparative criteria and a polynomial to 
indicate which species would be suitable for each line 
based on the characteristics of the zone crossed.

JUSTIFICATION FOR THE OPENING UP OF ROWS

In order to function correctly, power lines have to be 
kept isolated to assure uninterrupted supply and dis
tribution of the power and also to avoid damage to 
elements that might come into contact with the lines. A 
safe distance must be maintained between the power 
lines and nearby objects in contact with the ground, if 
not the current from the power lines would be 
grounded through the object.

Regulations on power lines therefore establish mini
mum safety distances between the lines and all objects, 
uses and services crossed. Safe distance must be kept 
between power lines and buildings, rivers, roads, rail
ways, other power lines, wooded areas, etc. In the case 
of a line that passes through a wooded area, the main
tenance of a leeway between the line and trees is neces
sary both for the continuity of the power supply and for 
the safety of the woodland ifself, since any grounding 
through a tree, besides cutting off the power supply, 
would involve the added risk of starting a forest fire.

Because of safety regulations, electricity utilities 
open up ROWs, usually of a permanenf width, where 
power lines cross wooded areas (Eig. 1), although, none 
of the aforementioned regulations stipulate, expressly 
or tacitly, the opening up a ROW free of all trees. The 
line regulations stipulate only a safety distance de
pending on the voltage involved, and the fire regula
tions state that a ROW free of "dry vegetation" has to 
be maintained. Therefore, although in certain cases it is 
necessary to open up a ROW, there will be many other 
areas where this measure is by no means so essential.

Another very important aspect to be bear in mind in 
the design of the ROWs is that, besides safeguarding 
the woodland, they also have a beneficial effect for the 
line itself in the event of a foresf fire. ROWs stop the fire 
from spreading to the area immediately below or very 
close to the line, where it might cause such direct dam
age as distortion of pylons and/or cables or a pollution 
of the insulators, which would reduce their insulation 
capacity, etc. AH these effects would be serious and 
would lead to at least a temporary power supply failure.

Even where there is no danger of the aforementioned 
damage, because of the distance between fire and line, a 
forest fire could still lead to supply cut-offs due to the 
potential grounding of the line through the fire's smoke. 
This circumstance is used to justify the opening up of 
ROWs in scrubby areas, where the risk of direct damage 
by the flames is practically nonexistent.

One of the justifications used for keeping the ROW 
free of trees and shrubs is that it often functions as a
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the owner of the lines (Fig. 1). This periodical work also 
implies an environmental cost, since the opening up 
and upkeep of the ROW involves an impact on the 
surrounding environment in general and on the plant 
life in particular.

TREE GROWTH

TREES REACH SAFETY DISTANCE

Fig. 1. Time cycle in the actual treatment of right-of-way.

firebreak. This could have a very positive effect on 
woodland management, and indeed it is often wood
land areas managers who themselves recommend or 
demand the existence of firebreaks.

It should also be pointed out, however, that in many 
cases the line does not follow the ideal path for a 
firebreak and may even rouse the opposite effect, so 
their use as firebreaks can by no means be extrapolated 
to all situations.

All these factors taken together point to a ROW of 
increasing width according to the risk involved. In 
terms of safety the width would be minimal, since it 
would only be necessary a short distance between cables 
and vegetation throughout a reasonable time and greater 
then considering the effects of a possible nearby fire.

The ROW, however, is not kept clear of vegetation 
forever, since the cleared ground usually becomes cov
ered by trees and shrubs, especially in certain types of 
scrubby formations. In a few years, the ROW ceases to 
serve as a firebreak. This period will be shorter, as 
regeneration capacity of the plant communities in
volved is greater. It may therefore be the case, espe
cially in scrubby areas (gorse heaths or cistus beds, 
etc.), that a ROW grows over again in only two or three 
years of being opened up, and therefore the process has 
to be repeated.

It follows from the above that the ROW has to be 
periodically re-opened, implying a permanent cost for

ROW SIZE

A factor to be considered when calculating the ROW 
size is the distance between cables and tree branches, 
which depends, upon other factors, on the distance 
between the cables and the ground.

In general, it can be said that the distance of the 
cables from the groimd varies throughout the span 
between pylons; on flat ground it is maximum at the 
pylon and minimum in the middle of the span, al
though this depends on the lay of the land. The mini
mum distance depends on the voltage.

In 400 kV lines, such as those of Red Electrica, the 
lowest height of the cables varies, in flat ground with
out vegetation, between 20 m at the pylon and a mini
mum of 8 m in the middle of the span.

It should also be considered that the distance be
tween the cables and the ground varies according to the 
time of year and the power carried, which produces 
variations in the temperature of the cables, causing 
them to stretch or shrink and changing the distance 
between the cables and the ground. Since usually the 
cables are lower in summer than in winter, the risk of 
fire is greater at that time of the year.

Another technical conditioning is the sideways 
movement of the cables because of the wind. A line 
project has to include in its calculations the effect on the 
cables of a cross wind of 120 km/h, which will be 
greater in the center of the span. Therefore, the calcula
tion of the ROW width has to take into account not only 
the trees below the line but also those situated on both 
sides, and this sideways movement to observe the pre
determined safety criteria (Fig. 2).

The other basic factor when designing the ROWs is 
the characteristics of the plant life present, especially 
the tree species and the actual and future growth of the 
particular examples in the zone. The natural growth of 
trees implies that the distance between them and the 
cables gradually decreases, and the safety distance 
could eventually be trespassed.

This growth is very variable since it depends not 
only on the species involved and their particular mor
phology, though this is the main factor to be consid
ered, but also on other factors such as the specific 
characteristics of the area. Species that grow quite high 
in some areas do not get beyond bush height in others, 
since climatic and soil conditions affect the height and 
appearance of the species present. This is the reason for 
the great variety of phytoclimatic regions in Spain.

The difficulty of taking all these variable factors into 
account meant that until recently a ROW of permanent
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Fig. 2. Definition of ROW, according to the Spanish power lines regulation.

width was maintained under the lines. For 400 kV lines 
this width normally ranged from 30 to 40 m, and was 
increased up to 60 m in situations implying a certain 
risk, or even bigger in case of woodland on steeply 
sideways-sloping ground, in the line direction.

The problems of lower voltage lines are similar, 
since although the ROWs are narrower, the distance 
of the cables from the ground is obviously shorter, as 
the pylons are much smaller. For this reason these 
lines often cross wooded areas, increasing the fire risk. 
Therefore, the results of this study could be even more 
relevant to distribution networks than they are to 
ROW management in the high voltage network, since 
problems posed by the upkeep of their ROWs are even 
more difficult as the vegetation outgrows the safety limits 
faster.

MEASURES TAKEN TO REDUCE THE IMPACT

It has become a basic principle of Red Electrica's man- 
agement philosophy to take a series of measures de
signed to reduce, as much as possible, the damage 
provoked by its network. In the specific case of ROWs, 
the measures taken to reduce the impact of their open
ing and upkeep are basically twofold:
— to reduce ROWs to the essential minimum in the 

construction of new lines, according to dimensions 
agreed with the corresponding forestry and nature 
conservation agencies, and

-  to redefine the areas to be treated in existing lines, 
reducing the cutting and regenerating affected areas. 
On new lines these measures involve the following

activities:
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FLAT GROUND
LOCATION OF THE LOWER CONDUCTOR

Fig. 3. Plant and elevation of a variable-width ROW.

Avoiding routes through wooded zones
The prime aim of Environmental Impact Studies is 

to locate and identify zones and spots that, in a very 
wide sense, could be affected by the project or repre
sent an obstacle to its realization, whether for environ
mental, technical or legal reasons. The result of such 
studies is that the routes chosen for new lines have the 
lowest environmental impact possible. A comparative 
analysis of the possible alternatives is made to avoid a 
route through the most sensitive areas, especially 
through zones where ROWs would have to be opened 
up, or those in which the ecological value of the wood
land crossed would mean a higher impact of the lines.

Adjustment of ROW width
Throughout the project the ROW width is deter

mined in accordance with the location in each span of 
the line. For this purpose, a line profile study is carried 
out, analyzing the line needs at each point, taking into 
account the minimum distance defined in regulations 
and the characteristics of the existing plant formations. 
The ROW is determined in such a maimer that its width 
adjusts to the characteristics of the line, the terrain and 
the plant formations in each section. The result is a 
variable width ROW, reduced to that strictly necessary 
at each point of the line for a long-term safety distance

free of tree vegetation (Fig. 3).
In existing lines, actions will be conditioned by the 

design criteria followed in each project, so previous 
studies would be necessary in each case to decide the 
necessary measures to reduce the impact of the ROW.

Redefinition o f the ROW
Factors to be analyzed in the studies of existing lines 

include the following; protected natural sites of all 
types affected by each line, the plant formations 
crossed, as well as their interest, etc. These studies 
allow the analysis of the current situation of each line. 
This knowledge allows the ROW width to be rede
fined, following the above-mentioned criteria for new 
lines, so that the ROW may be adjusted to the present 
situation.

Maintaining the scrub layer
Many of the shrub formations of Spain have charac

teristics compatible with the lines, so an important 
measure in terms of reducing the aforementioned im
pact is simply not to remove them. However, this may 
sometimes not be possible where fire danger involves 
a risk for the line or where the species may block access, 
as in the case of cistus beds, heather, furze or gorse 
heaths, etc.
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ORIGINAL SITUATION This process is complemented by structural pruning 
of all slow-growing tree species to ensure that their 
future development is compatible with the line in the 
long term. This involves a previous analysis of the 
plant formations and/or trees present. Once the cur
rent and future growth is known, a decision is taken to 
remove the tree or leave it standing, with the overall 
aim of cutting all trees that involve a risk.

This procedure could also involve the systematic 
removal of the outgrowths of all tree and shrub species 
not considered to be suitable, such as the pyrophilous 
species (those that spread the fire or which produce a 
lot of flames and smoke when burning) and fast-grow
ing species (essentially those that grow to a significant 
height).

Integral ROW treatment
Integral ROW treatment is a further development of 

the above method, including other actions carried out 
at the same time to favor or even introduce species 
compatible with the line. The aim is to maintain perma
nent vegetation in the ROW to avoid the aesthetic im
pact and reduce all the other above mentioned impacts 
(erosion, etc).

After the programmed treatment, all appropriate 
measures are taken to favor the species considered to 
be suitable, such as their preservation, pruning around 
outgrowths and, where applicable, planting (Fig. 6). 
These species have to fulfil a number of basic condi-

Fig. 4. ROW treatment through selective cut.

Selective cutting
After ensuring the safety of the line and the preser

vation of existing plant life, selective cutting involves 
removing the trees considered to represent danger or 
risk, while leaving the rest. This can be accomplished in 
various ways; cutting back the higher outgrowths and 
leaving the lower ones; cutting back the outgrowths of 
quickly growing species and leaving those that take 
longer to reach certain height, etc. (Fig. 4)

Programmed ROW treatment
The adoption of this method as a ROW treatment 

criteria has the long-term aim of ensuring that the plant 
life in the ROW is compatible with the line, leaving a 
longer interval between each pruning. The cutting is 
carried out to meet the safety criteria of the regulations 
and is extended to those trees that, within a certain 
time, could become unsafe, whereby a prediction has 
to be made of their growth rate (Fig. 5).

In general, the aim of programmed treatment is to 
eliminate the growing species that would involve a risk 
for the line within a time of not less than four or five 
years. Fig. 5. Options for the treatment of ROW.
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ORIGINAL SITUATION

Fig. 6 . Integral treatment of the ROW.

tions: they must be pyrofugous, they must cover a large 
area to crowd out competitors, they must have a soft 
stem (so as not to block passage throughout the ROW) 
and they must be a light-soil species (so that they will 
not invade existing pathways).

This sort of treatment is carried out in five phases:
-  removal of tree growths or scrub incompatible with 

the line;
-  preservation of protected or interesting species;
-  maintaining and even widening the existing ROW, 

opening up the access;
-  preserving and favoring species compatible with the 

line;
-  completing the plant life coverage by introducing 

compatible species, if not already achieved with the 
above measure.
The decision to rmdertake the project described 

herein was conducted to be able to carry out this sort of 
work in the best way possible.

DRAWING UP THE CATALOGUE OF IBERIAN 
VASCULAR FLORA COMPATIBLE WITH THE LINES

The drawing up the catalogue is designed to reduce the 
environmental impact attributable to the lines. The aim 
is to identify the suitable species for the ROWs, by 
creating a tool for the best possible management of the 
tree and shrub formations crossed by the lines; mainte
nance work in the ROWs would therefore be carried

out at longer intervals and ideally, be practically un
necessary.

To meet this goal, the catalogue allows, working 
from the details of the woody species present, the iden
tification of the species that are compatible with the 
lines for each of the basic ecosystems making up the 
Spanish flora, i.e., the species whose presence not only 
reduces the maintenance work but also improves the 
conditions of the ROW in the short, medium and long 
term, so that it may fulfil its function in the best way 
possible.

The following activities were undertaken:
-  drawing up a catalogue of four hundred and fifty 

species (native and non-native);
-  an examination of the characteristics of the species 

in terms of their greater or lesser compatibility with 
the lines;

-  determination of comparison criteria; and
-  creation of a relational database.

The list of species selected comprises the catalogue 
of the 450 species making up the group of higher-level 
woody species of the Iberian flora. Working from this, 
an analysis is then made of the morphological and 
ecological characteristics of those that could be consid
ered to be suitable, in terms of how well they comply 
with the requisite characteristics.

The characteristics adopted as a base for the selec
tion, not being exclusive, and keeping in mind that the 
species must satisfy the greatest number possible, are 
the following:
-  that they belong to the flora of the area where they 

are to be promoted or introduced;
-  that they have a limited height growth;
-  that they are pyrofugous, i.e. they bum poorly and 

would slow down the spread of any fire;
-  that they are highly competitive, i.e. they carpet the 

ground quickly and crowd out other species;
-  that they posses a soft, easily breakable stem, at least 

in early growth stages; and
-  that they be light-soil species, so they will not invade 

working paths.
The aim of the research work is a species-by-species 

analysis based on the above characteristics. This par
ticular information means that the catalogue is not a 
conventional field guide of trees and shmbs. An in- 
depth analysis was necessary of aspects that would not 
normally be included in a guide.

Working from the details analyzed, a species file 
was drawn up including the following information.

Identification
For each species or subspecies the scientific name con
sidered as correct has been given, according to the 
Botany Nomenclature Code. After this comes the bo
tanical family to which the taxon belongs. The common 
name is then given (up to three if there are different 
ones), these being the vernacular names by which the 
species in question is known, plus the register number
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of this file within the database. This number is correla
tive, following the alphabetical list of species, sepa
rated into two groups, one to four hundred including 
the native species and thereafter the introduced or non
native species.

Structural information
Some details of the species have been included, such 
information includes the maximum height in meters 
(usually attained by each plant). A number code refer
ring to a comparative silhouette giving its general as
pect, which is then shown in a sketch alongside. For 
obvious practical reasons, a very limited number of 
silhouettes (30) have been chosen for this sketch. A 
reference figure is normally given alongside (a human 
figure of about 180 cm or a high-voltage pylon of about 
40 m) to give a rough idea of the height of the plant.

A reference is then made to the life form of each one 
(biological or biotypical forms), grouped into trees, 
shrubs, scrub, perennial grasses and climbing grasses.

In terms of seasonality, plants have been classified 
iirto deciduous and evergreen. Marcescent plants, i.e. 
those that do not finally shed their leaves until the next 
spring, are included as deciduous. Also under decidu
ous have been included those foliate plants that shed 
their leaves in the hottest part of the summer (such as 
many gorse and broom species), as well as those that, 
without being strictly seasonal, lose their leaves early 
in the year and remain leafless thereafter.

Stem consistency aims to designate the woodrness of 
the plant in question, using the qualifications of 
woody, fruticose, suffruticose and herbaceous. An at
tempt is thereby made to segregate those that form 
wood strictly speaking (i.e., trees, small trees and tall 
shrubs such as holm oak, olives or strawberry tree, 
respectively), from those that form small woody stems 
(such as rosemary and furzes), from those that scarcely 
do so and only at the base, maintaining a herbaceous 
consistency in the remainder of the plant, and lastly 
classifying as herbaceous those plants that, albeit per
ennial, do not show any degree of woodiness.

The morphological description includes a short ac
count of the morphological aspects characterizing the 
plant in question, both in the parts above the soil and 
in the root structure, if known.

Biological information
The information contained in this section begins with a 
qualification of the taxon's capacity for regeneration by 
seed, expressed with four values (bad, average, good, 
very good).

Then comes an evaluation, using the same variables, 
of its aptitude for vegetative regeneration, including 
propagation by stolons, stumps (offshoots), from the 
root or by any special propagating method.

Stability of formation is the maintenance through 
time of the plant structure introduced, always concen
trating on the environmental aspect, since it is obvious

that the stability will vary in terms of its proximity at 
any particular point to the edge of its range, both in 
terms of latitude and height. This is a three-degree 
evaluation in order of increasing stability.

The growth rate is an attempt to show by four values 
(slow, medium, quick, very quick) the plant speed to 
reach its normal height. The growth rates are broken 
down into classes by biotype. Species that reach their 
maximum height quickly are considered to be fast
growing species, whatever this height may be.

Environmental information
Under this heading is grouped all information on the 
areas where the plant grows. An upper and lower 
altitude limit is assigned (excluding exceptional or un
representative records), expressed as height above sea 
level.

Its phytoclimatic characterization is shown accord
ing to Allue's scheme. The relationship between Al- 
lue's phytoclimates and the number appearing in the 
files is as follows;

Type III (IV) and IV (III): Sub-Saharan phytoclimate 
Type IV I: Arid Mediterranean phytoclimate 
Type IV: Genuine Mediterranean phytoclimate 
Type IV (VI) Sub-mediterranean phytoclimate 
Type VI (IV) Sub-Atlantic phytoclimate 
Type VI: Atlantic phytoclimate 
Type VI (V); Atlantic tempered phytoclimate 
Type VIII (VI) and X: Oroboreal, taiga and alpine 

phytoclimate
Then follows a qualification of the taxon in terms of 

its soil preferences, distinguishing calcifuge species, 
which avoid lime soils, from calcicole species, which 
usually grow on lime soils, and those that tolerate both 
soil types (edaphically neutral species). A mention is 
also made of its possible tolerance of soils rich in salts 
(halophile species), or chalky ground (gypsophiles) or 
its preference for soils with a build up of nitrogen. This 
last classification corresponds to species called nitro- 
philes with a preference for disturbed ground, roadside 
verges, rubble tips, waste dumps, wasteground, etc.

It should be pointed out that these six categories are 
not mutually exclusive, and there may be plants that are 
at once nitrophile and calcicole or neutral and nitrophile.

Another qualification in terms of soil type is made 
from a structural point of view, classifying plants as 
neutral or typical of heavy or light soils. This informa
tion is included under the heading of soil compactness. 
We take as light soils those that show a differentiated 
surface with a high level of disintegration. Heavy soils, 
allowing little passage of air, are characterized by a 
high proportion of clay or loam. In this section we have 
included stony soils and very thin soils.

Environmental information is completed by a dy
namic characterization that attempts to fit each plant 
into one of the following dynamic stages: (a) pioneer 
(typical of the early stages of vegetational succession; 
these are generally colonizing or invading species, the
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typical sun-lovers of open, well-lit places); (b) interme
diate stage; and (c) those typical of climax stages (i.e. 
the stages of greatest maturity and structural complex
ity in the vegetational succession; these are usually 
shade-loving species typical of more or less wooded 
formations). It may sometimes happen that the same 
taxon behaves as a pioneer and climax species; for 
example the birch tree {Betula spp.), which colonizes 
open spaces within moisture-loving formations, but 
sometimes remains as a stable community in specific 
environments (high mountains of northern areas, areas 
of rushing water, river banks, etc).

Finally, in the case of taxons that are singular for any 
reason (because of their distribution, their taxonomy, 
propagation system, etc), a mention is made within the 
observation section of the importance of their presence 
in a regional, general or local context (rarity, endemic 
species, bio-geographical splitting off, phyto-geo- 
graphical limits of the taxon, etc). A series of notes on 
the habitat of the taxon has also been included in this 
section, where deemed of interest.

General information
This section gathers all details of interest not already 
included in previous sections. An evaluation is thus 
made of the combustibility or ignitability of each plant, 
ranging from those of high combustibility (usually due 
to a content of resins or other flammable products, as is 
the case to a lesser or greater degree of pine trees and 
cistus plants) to those that bum less readily and those 
with low combustibility (such as the shmbby orache, 
Atriplex Imlimus). Also evaluated in this section is the 
ease of transplanting the formation generated by the 
plant in question, differentiating in this case only be
tween those that give rise to formations or structures 
that are difficult to transplant, those that are fairly 
difficult and those that are easy to transplant.

Products offered by each plant are included in the 
products section, where their usefulness to man and 
animals is shown: fruits, resins, tannery products, fire
wood, pharmacology, wickerwork, etc.

Finally, a mention of the species with which the 
taxon most often coincides; for the sake of brevity the 
number of species with which it may live has been 
limited to a maximum of 10, in order of decreasing 
frequency. This information has not been included for 
non-native species, since it varies mainly in terms of 
where the exotic plant is cultivated.

Under the heading of "origin" of the species an 
indication is given of whether the taxon under consid
eration is native or non-native (exotic).

Distribution
This section includes a brief account of the distribution 
on the Spanish peninsular and in the Balearic islands of 
the taxon under consideration. Given that it would be 
impossible in a work of this type to give an exhaustive 
distribution map based on all the records in the various

botanical magazines or deposited in the various Span
ish herbaria, reference has been made only to the prov
inces where its presence has been confirmed (whether 
by reference works or field work). It therefore follows 
that the initials of the province appear whether the 
plant has been recorded there as scarce or locally plen
tiful or widespread, so it would be just as well to 
cross-check this information against the species habitat 
(altitude, soil type, bioclimatic type, etc.). The file ends 
with a map showing the provinces.

For non-native species (which do not naturally occur 
in the area under consideration, i.e. they are exotic 
species) no reference is made to their Spanish distribu
tion, since this is the outcome of arbitrary introductions 
effected by human activity.

Line Compatibility Index (LCI)
To sum up the suitability of each species for the formation 
of vegetational cover in the ROWs a polynomial has been 
composed showing the most positive values for this ob
jective, so the highest values correspond to the species 
most recommendable on the various grounds consid
ered. It is obvious that this LCI (Line Compatibility In
dex) could sometimes hide low values in certain 
aspects that are relevant when programming activities.

In analysing this index it should be kept in mind that a 
high LCI does not necessary imply that a given species is 
compatible with the line in all cases. Each situation will 
depend on the lie of the land and the distance of the cables 
from the groimd and from the tree tops. What the LCI 
does tell us, other things being equal, is whether or not 
a certain species in the ROW is compatible with the line 
in the long term and therefore whether or not it might 
need to be removed. Thus, a high LCI in a tree species 
indicates that, along with other favourable charac
teristics, it is slow growing and easy to control, so it is 
feasible to maintain it in the ROW, always providing 
that the respective safety distance is observed and that 
programmed treatments can be carried out. On the 
other hand, a high LCI in a shrub species means that it 
is a fast-growing species with a stem that never be
comes too woody, that bums poorly and has no thorns, 
thereby complying with all the requisites.

Correct use of the catalogue presupposes a previous 
knowledge of the area crossed by the line, whether by 
province or by phytoclimatic region. Working from 
this information, an analysis will be made of those 
species existing in the zone that show the highest LCI. 
With this information and that provided by the cata
logue of the species present, the necessary work may be 
undertaken to transform the existing vegetation, re
moving incompatible species (low LCI) and encouraging 
or introducing compatible native species (high LCI), 
taking on programmed or integral ROW treatment to 
obtain in the short term a compatible woodland cover
age that stands in need of no maintenance work within 
a reasonable length of time.
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COMPUTER PROCESSING

The information collected has been introduced into a 
relational database management system (RDBMS). The 
software, FOXPRO 2.6. is based on Windows 3.1. and 
offers the following advantages:
-  good compatibility with other database programmes;
-  ease of use;
-  possibility of incorporating graphical and memo 

fields (observations) containing the distribution, ap
pearance and other attributes of each species;

-  integration of the databases in GIS environments;
-  possibility of developing other applications from 

the work carried out, such as expert systems, picture 
library, etc.
It may therefore safely be claimed that the software 

chosen for the entering and management of the infor
mation is flexible and versatile and has responded well 
to the problems posed by this work.

Tlie database permits the addition of new species or 
the modification of any record introduced. The main 
function of the database is to allow examination of the 
catalogue once some file search conditions have been 
imposed. For example, a request may be made to give 
an alphabetic list of all calcicole species with a maxi
mum height of less than 15 m that grow between 1,000 
and 1,500 m of altitude with an LCI higher than 15.

CONCLUSIONS

The taking of steps to minimise the impact of ROWs is 
becoming a basic factor both in the design and running 
of power lines; in some regions, as in Catalonia, it is a 
legal requirement. The adoption of these measures, 
however, is often limited by an ignorance of how the 
woodland concerned may react to their implementa
tion. The tool herein described is an attempt, as far as 
possible, to remedy this lack of information. An analy
sis of the existing species and plant formations below 
the lines provides the line manager with the informa
tion necessary to decide which species have to be re
moved or encouraged. The power line manager can 
now use lists of compatible and incompatible species, 
as the case may be and depending on how the ROW is 
to be maintained.
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Old Field Vegetation for Low Maintenance
Highway Rights-of-Way

Nancy P. Cain

This paper documents research on old field or aster/goldenrod communities suitable for integrated 
vegetation management (IVM) of low maintenance highway rights-of-way (ROW) in Ontario. Field 
observation has identified twenty species that are found on highway ROW throughout the prov
ince, including Canada goldenrod, grass-leaved goldenrod. New England aster, tall white aster, 
flat-topped aster and heath aster. The literature indicates that a number of these aster and golden
rod species have allelopathic effects on herbaceous and woody species. This quality, the vigorous 
dense growth habit of many species and the underground rhizomes make these species highly 
suitable for highway ROW where control of noxious weeds, brush and erosion are major concerns. 
Options for using old field vegetation on roadsides include managing existing stands and seeding 
following construction. In many parts of the province, asters and goldenrods establish naturally 
providing solid or mixed stands of asters and goldenrods. These areas can be incorporated into 
IVM programs by identifying these areas and fostering their growth through selective maintenance 
programs. Aster/goldenrod seed mixtures were developed for Ontario conditions that could be 
used to establish old field vegetation on roadsides following construction. Seed costs ranged from 
$1,700 to $4,400 CDN per hectare ($500 to $1300 US per acre). Field experiments found that one to 
three years are required to establish plants and that a nurse crop is required to stabilize the seeding 
area while these plants develop.

Keywords: Roadside vegetation, integrated vegetation management, Solidago spp.. Aster spp., seed
ing, allelopathy

BACKGROUND

Vegetation management of provincial highway rights- 
of-way (ROW) in Ontario has evolved since the 1970s to 
reflect environmental concerns and fiscal constraints. The 
current maintenance program limits ROW mowing to 
areas where visibility is a safety concern such as ap
proaching ramps and intersections. Mowing is generally 
limited to southern Ontario in areas of rural, agricultural 
or urban land use; highway ROW are not mowed in 
central and northern Ontario where forests predomi
nate adjacent lands. Integrated Vegetation Manage
ment (IVM) programs have reduced herbicide use 
through selective applications that target problem ar
eas. As a result of these approaches to highway ROW 
management in Ontario, many naturally occurring 
perennial species have flourished on highway ROW.

In the course of evaluating native perermial wild- 
flowers suitable for ROW planting, it was observed 
that asters and goldenrods were widespread and pro

lific wildflowers in Ontario. These species were, in 
turn, identified as an important component of natu
rally occurring competitive vegetation as part of IVM 
programs for Ontario roadsides. IVM incorporates 
many management tools including selective mainte
nance and the use of competitive ground covers which 
prevent the establishment of undesirable species such 
as noxious weeds and brush.

The objective of this paper is to report investigations 
on the identity and characteristics of aster and golden
rod species commonly foimd on Ontario highways and 
to summarize the literature on the competitive and 
allelopathic qualities that make these species suitable 
for roadside IVM programs. The second part of this 
paper provides current recommendations for seed 
mixtures to establish aster/goldenrod communities 
suitable for Ontario roadside conditions and summa
rizes the results of field experiments evaluating the 
performance of aster/goldenrod seed mixtures planted 
in roadside conditions.
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Table 1 . Aster and goldenrod species commonly found on Ontario Roadsides^

Scientific name Common name Height
(cm)

Ont.
distribution^

Soil
moisture

Flowering
time

Flower colour

Aster ciliolatus Lindley's aster 3 0 -1 0 0 N ,C moist-dry Aug.-Oct. pale to deep blue, 
yellow disc

Aster cordifolius heart-leaved aster 2 0 -200 S Aug.-Oct. pale blue, yellow disc
Aster ericoides (Virgulus 

ericoides)
heath aster 3 0 -9 0 s , c mesic-dry July-Oct. white, yellow disc

Aster laevis smooth(-leaved)
aster

2 0 -100 s w , c mesic-dry Aug.-Oct. pale to dark blue, 
yellow disc

Aster simplex (Aster 
lanceolatus)

panicled aster 3 0 -150 throughout moist Aug.-Oct. white to pale pink, 
yellow disc

Aster macrophyllus large-leaved aster 10-150 throughout moist-dry Aug.-Sept. white to violet, 
yellow disc

Aster novae-angliae 
(Virgulus novae-angliae)

New England aster 3 0 -2 5 0 S,C moist-mesic Aug.-Oct. purple to pink, 
yellow disc

Aster puniceus purple-stemmed
aster

4 0 -2 5 0 throughout moist-mesic Aug.-Oct. pale to dark blue or 
purple, yellow disc

Aster pilosus frost aster 2 0 -1 5 0 S dry Aug.-Oct. white, yellow disc
Aster ptarmicoides 

(Solidago ptarmicoides)
upland white aster 1 0 4 0 N ,C dry Jmie-Sept. white, rarely pale 

yellow
Aster umbellatus flat-topped white 

aster
2 0-250 throughout dry-moist Aug.-Sept. white, yellow disc

Aster sagittifolius 
(Aster urophyllus)

arrow-leaved aster 4 0-200 s , c dry Aug.-Oct. white to pale pink, 
white to pale yellow 
disc

Solidago altissima late goldenrod 5 0-200 throughout dry-moist late Aug.-Nov. yellow
Solidago canadensis Canada goldenrod 3 0 -1 5 0 throughout moist-dry mid July-Sept. yellow
Solidago gigantea tall goldenrod 5 0 -2 0 0 throughout moist late July-Sept. yellow
Solidago graminifolia 

(Euthamia graminifolia)
grass-leaved
goldenrod

3 0-120 throughout moist July-Oct. yellow

Solidago juncea early goldenrod 3 0-130 throughout dry late Jmie-Oct. yellow
Solidago nemoralis grey (-stemmed) 

goldenrod
15-100 throughout dry late June-Dee. yellow

Solidago rugosa rough-stemmed
goldenrod

3 0 -2 0 0 N E ,C ,S moist-wet Aug.-Oct. yellow

Solidago scjuarrosa stout goldenrod 2 0-170 throughout dry Aug.-early Oct. yellow

1  Compiled from personal observations, Femald (1991), Pringle (1981), Semple and Heard (1987), Semple (1992), Sullivan and Dalev 
(1981).
2  N: northern Ontario, NE: northeastern Ontario, C: central Ontario, S: southern Ontario, SW: southwestern Ontario; refer to Semple 
and Heard (1987) and Semple (1992) for more precise distribution.

SUITABLE SPECIES FOR LOW MAINTENANCE ROW

The species of asters and goldenrods that are com
monly found on highway ROW in Ontario are listed in 
Table 1. The scientific classification used in this table 
and throughout the paper follows Fernald (1991). The 
scientific classification proposed by Semple (Semple 
1992; Semple and Heard 1987) is listed in brackets 
where it differs.

Certain species are present on specialized sites, such 
as the occurrence of smooth aster {Aster laevis) on prai
rie remnants in central and southwestern Ontario. Wet 
roadside areas are commonly populated by species 
such as A. lanceolatus, A. puniceus, A. umbellatus, Soli- 
dago graminifolia and S. canadensis. Clones of these spe
cies may occupy continuous areas resulting in large

patches of solid flower colour, or mixed stands in wet 
areas or along roadside ditches. For example, continu
ous areas of A. umbellatus are common in central and 
eastern Ontario.

Mesic sites host species such as A. ciliolatus, A. cordi- 
folius, A. macrophyllus, A. ericoides, A. novae-angliae, S. 
graminifolia and S. canadensis. The first three asters of this 
group are often found along shaded wood edges. A. 
ericoides, A. sagittifolius and S. nemoralis grow on dry, 
sandy, gravelly or rocky sites. S. nemoralis grows in solid 
strips along gravel shoulders in parts of central Ontario.

Aster and goldenrod species are challenging to iden
tify in the field. Two excellent references, Semple and 
Heard (1987) and Semple (1992), provide detailed bo
tanical descriptions of Ontario species. Two compli
mentary keys were written by Pringle (1968,1981).
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A number of goldenrod and aster species have dem
onstrated allelopathic abilities that reduce seedling es
tablishment and/or growth of herbaceous or woody 
species. Aster and goldenrod inhibition of woody plant 
establishment has been observed in ROW management 
studies and experimental evaluations. Egler (1953) ob
served that several Solidago species produced dense 
cover that deterred tree seedling invasion in the north
eastern United States, including S. altissitna, S. aspera, S. 
graminifolia, S. juncea and S. rugosa. Bramble et al. (1990) 
classified S. graminifolia and S. rugosa as being highly 
resistant to tree invasion on electric transmission ROW.

Extracts of S. juncea and S. uliginosa inhibited germi
nation of jack pine seeds by 89-98% and S. juncea ex
tracts inhibited height growth of jack pine seedlings 
(Brown 1967). A. macrophyllus leaf extracts did not in
hibit jack pine germination, which indicates that not all 
species are effective. Horsley (1977) found that S. ru
gosa and A. umbellatus extracts inhibited black cherry 
seed germination and foliage extract and root washes 
inhibited seedling shoot growth and dry weight accu
mulation. This inhibitory effect was observed in the 
field for up to one year after the aster and goldenrod 
were weeded out of the test areas. Similarly, Fisher et 
al. (1978) found that soil residues from old field vege
tation inhibited growth of maple seedlings for two 
years after the old field vegetation was removed. The 
original vegetation included A. nova-angliae, S. canaden
sis and S. graminifolia. Fresh and rotted foliage extracts 
of A. nova-angliae, S. canadensis and S. graminifolia inhib
ited sugar maple seed germination and seedling root 
growth. Extracts of mulch from both species reduced the 
growth and nutrient content of sugar maple seedlings.

This allelopathic effect applies to herbaceous spe
cies as well. Jackson and Willemsen (1976) found that 
A. pilosus inhibited the germination of ragweed (a 
noxious weed in Ontario) and wild radish. Ichihara et 
al. (1978) isolated two polyacetylene compounds 
from underground stems of S. altissima which both 
inhibited the growth of millet seedlings. Kobayashi et 
al. (1980) extracted polyacetylene compounds from S. 
altissima plants and from the soil bordering S. altissima 
communities. Concentrations found in the plant tissue 
and the soil were inhibitory to the growth of herba
ceous seedlings.

The ability of some aster and goldenrod species to 
interfere with woody and herbaceous seedling estab
lishment and growth provides an additional tool for 
control of noxious weeds and woody vegetation. Many 
of these species provide dense, competitive cover suit
able for low maintenance highway ROW.

SELECTIVE MAINTENANCE

Wherever possible, selective maintenance should be 
practised to conserve areas where aster and goldenrods 
have established naturally. These plants have been pro

vided at no cost to the highway operator and have 
established according to the moisture and light/shade 
requirements of the individual species. All of these 
species are perennial and many spread by under- 
groimd rhizomes which provide soil stabilization.

Maintaining this beneficial vegetative cover should 
include limiting construction disturbance of these ar
eas if possible. Preconstruction plarming and site 
evaluation could flag important species and incorpo
rate them in the design of the highway. Leaving peren
nial vegetation intact as much as possible will reduce 
re-establishment and long term maintenance costs.

Egler (1953) notes that goldenrod species were easily 
disturbed by herbicide applications and generally did 
not recover. Repeated mowing also reduces the growth 
of aster and goldenrod species. These disturbances 
could lead to bare areas which were originally covered 
by perennial vegetation. Repeated broadcast herbicide 
applications would reduce the competitiveness and 
vigor of existing plants if they were not completely 
killed. The resulting exposed area would be open to 
establishment of noxious weeds and other undesirable 
species. Herbicide application to established areas 
could be avoided by the use of spot applications or by 
using broadcast herbicide application only along sec
tions of ROW where target species are present and then 
turning off the herbicide application where desirable 
species such as asters and goldenrods are present.

Cultural practices that promote the vigour of these 
areas such as fertilization could be an option. Bakelaar 
and Odum (1978) studied the effect of two treatments 
of granular fertilizer, 560 kg ha*  ̂6-12-12 in November 
and 448 kg ha~̂  12-12-12 the following April on a old 
field community dominated by S. canadensis. The total 
net production of the area increased by 1.75 times, 
while the proportion present as S. canadensis increased 
from 40 to 55%. Other measures of relative importance 
of S. canadensis as a dominant in this vegetation com
munity increased significantly in response to fertiliza
tion. In contrast, fertilization reduced the proportion of 
A. pilosus from 13 to less than 1%. The proportion of 
Daucus carota, considered to be a noxious weed in On
tario, fell from 1.5 to 0.2%.

RECOMMENDED OLD FIELD SEED MIXTURE

A seed mixture was developed (Table 2) with the goal 
of establishing old field aster and goldenrod vegetation 
on highway ROW, incorporating the results of field 
observations and literature investigations. The seed 
mixture includes species suitable for a range of soil 
conditions from moist to dry in order to allow one seed 
mixture to be used on the entire ROW. For northern 
parts of the province, A. ptarmicoides could be substi
tuted for A. novae-angliae. Another option is to use 
separate old field seed mixtures for wet or dry condi
tions (Table 3).
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Table 2. Recommended old field  seed mixture with nurse 
grasses for highway right-of-way planting in Ontario

Scientific name Common name Rate of PLS 
(kg ha“ )̂

Aster cricoidcs or heath aster or 0 . 1 1

Aster pilosus frost aster
Aster simplex panicled aster 0.16
Aster novae-angliae^ New England aster 0.30
Aster puniceus purple-stemmed aster 0.30
Aster umbellatiis flat-topped aster 0.73
Solidago canadensis Canada goldenrod 0.25
Solidago graminifolia grass-leaved goldenrod 0.06
Solidago nemoralis grey-stemmed goldenrod 0.09

Total 2 . 0 0

Nurse grasses:
Avemi sativa oats 25
Lolium multiflorum annual ryegrass 25
Liliiim perenne perennial ryegrass 15

1 For sites in northern Ontario substitute:
Aster ptarmicoides 
PLS = pure live seed.

upland white aster 0.30

Table 3. Old field seed mixtures for wet and dry sites

Scientific name Common name Rate of PLS 
(kg ha“’)

(a) Dry Area Old Field Seed Mixture:
Aster ericoides or heath aster or 0.24
Aster pilosus frost aster
Aster novae-angliae New England aster 0 . 6 6

Aster ptarmicoides or upland white aster or 0.65
Aster sagittifolius arrow-leaved aster
Solidago nemoralis grey-stemmed goldenrod 0.19

Total 1.75

(b) Wet Area Old Field Seed Mixture:
Aster simplex panicled aster 0 . 2 2

Aster novae-angliae New England aster 0.42
Aster puniceus purple-stemmed aster 0.42
Aster umhellatus flat-topped aster 1 . 0 1

Solidago canadensis Canada goldenrod 0.34
Solidago graminifolia grass-leaved goldenrod 0.08

Total 2.5

Nurse grasses for use with both mixtures:
Avena sativa oats 25
Lolium multiflorum annual ryegrass 25
Lilium perenne perennial ryegrass 15

PLS = pure live seed.

The species in these mixtures are generally available 
from wildflower or prairie seed producers, although 
availability of individual species varies from year to 
year. The mixtures provide an even number of seeds of 
each species to provide a total of 600 to 750 seeds m“̂ . 
This follows a model from wildflower establishment to

use 500-1000 seeds m“̂ . Use of a nurse grass mixture 
such as oats, annual ryegrass and perermial ryegrass 
(Table 2) is recommended to provide initial cover.

SEED COST AND AVAILABILITY

Quality seed may be more readily available for species 
with an established commercial value such as New 
England aster. It may be more difficult to find a sup
plier of Canada goldenrod seed, although some suppli
ers will collect seed for special orders.

Costs range from $1,700 to $4,400 CDN per hectare 
($500 to $1300 US per acre) (1995 supplier prices) as
suming recommended pure live seed rate is required. 
The cost could be greater in light of lower seed purity 
or germination. This cost is greater than basic grass 
seed mixtures but in the range of other specialty seed 
mixtures. The cost could be recovered in reduced main
tenance costs of the area once the plants are established, 
such as no mowing or fertilizing and reduced weed 
control costs.

Seed costs could be also be reduced by reducing the 
proportion of seed apportioned to more costly species 
or by using a mix that is targeted at wet or dry areas, 
therefore eliminating the need for some species. Seed
ing of one or two species may be another option.

As with wildflower planting, it is important to test 
the seed for purity and germination prior to planting in 
order to calculate the actual amount of seed that is 
required to obtain the desired amount of pure live seed 
(PLS). In some crop years, there may be many empty or 
immature seeds due to poor weather conditions or the 
fact that seed may have been collected at an immature 
stage. If the seed has not been cleaned fully, there may 
be varying amounts of stems, leaves, seed heads and 
other chaff. Both these factors reduce seed purity. Fi
nally, seed may have deteriorated due to poor storage 
conditions or due to age of the seed which may reduce 
the amount of viable seed.

Experience in ordering aster and goldenrod seed 
from different suppliers over a period of years indi
cates that germination and purity of these species can 
be quite variable (Tables 4 and 5). Tetrazolium testing 
(a chemical test of seed viability) may be of value to 
establish germinable seed where seed dormancy is a 
problem (Table 5).

SEEDING EXPERIMENTS 

Objectives
The objectives of these experiments were to evaluate 
the performance of an old field seeding mixture in 
terms of establishing aster and goldenrod species and 
to monitor the development of ground cover over the 
initial years following seeding. This is important in 
determining whether effective cover is established 
initially to provide erosion control and to determine
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Table 4. Germination and purity recorded from seed orders 
and results of commercial testing laboratories

Species Germination range Purity range 
(batches) (batches)

Aster ericoides 0-82 (7) 51.4(1)
Aster laevis 0-86 (5) 60.2-97.4 (3)
Aster simplex 0-5(5) 97.5 (1)
Aster novae-angliae 3-92 (8 ) 96.6-99 (2)
Aster pimiceus 5(1) -
Aster umbellatus 0-51 (5) 97.5 (1)
Solidago canadensis 31-72 (3) -
Solidago graminifolia 0-88(4) 2.19 (1)
Solidago nemoralis 32.5-100 (7) 97.5(1)
Solidago ptarmicoides 65-86 (2) 97.4-98 (2)

Table 5. Comparison of germination and tetrazolium test
results on the same seed samples by commercial seed analysis 

laboratories

Species Tetra- Germ- 
zolium ination 
test test

Germination
treatment'

Aster ericoides 44 36 20“C T.B.2
Aster ericoides 81 0 25“C T.B.
Aster simplex 84 3 Pre-chilled 6  days 

at 5°C
Aster simplex 64 5 25°C T.B.
Aster novae-angliae 82 55.5 15-25°C T.B.
Aster novae-angliae 69 27 KNO3  20°C 

petridish
Aster novae-angliae 75 6 6 15-25°C T.B.
Aster novae-angliae 87 3 25°C T.B.
Aster umbellatus 71 2 Pre-chilled 6  days 

at 5“C, 25°C T.B.
Aster umbellatus 63 0 25°C T.B.
Solidago canadensis 70 72 Pre-chilled 5 days 

at 5°C, 15-25°C 
T.B.

Solidago canadensis 77 55 Pre-chilled 7 days 
at 5°C, 15-25°C 
T.B.

Solidago graminifolia 63 0 10°C top of blotter
Solidago nemoralis 89 6 8 KNO3 . Pre-chilled 

14 days at 5°C. 
25°C petridish

Solidago nemoralis 48 32.5 KNO3 . Pre-chilled 
14 days at 5°C. 20- 
30°C petridish

Solidago nemoralis 87 6 25°C T.B.

1 Procedures following: Association of Official Seed Analysts 
(AOSA), 1993. Rules for Seed Testing. Journal of Seed Technol
ogy 16 (3) and AOSA. Feb. 1986. Species without AOSA Testing 
Procedures. Journal of Seed Technology 60 (2).
2 Top of blotter

the success of seeding as a method for establishing an 
old field community. In earlier experiments by the 
author testing wildflower and prairie seed mixtures, it 
was observed that New England aster, heath aster.

smooth aster and upland white aster took one or two 
years to establish plants which grew slowly and did not 
flower until two or three years after planting.

Methods
Experiments to evaluate the performance of an old 
field mixture were established in 1993 on Highway 410 
in Mississauga, Ontario (light industrial adjacent land 
use) and in 1994 on Highway 63 about 30 km east of 
North Bay, Ontario (forested region). A randomized 
complete block design was used at each site with four 
blocks that were located on different sections of the 
same highway. The experimental units were 9x10 m or 
6x13 m, depending on the width of the ROW. Two of 
the blocks planted on Highway 410 were lost to con
struction after the second growing season.

On Highway 410 the seeding treatments were an 
undisturbed control, an unseeded control, an old field 
seed mixture (Table 6) and an old field seed mixture 
plus a nurse grass mixture of oats, armual ryegrass and 
perermial ryegrass. In the Highway 63 experiment, the 
treatments were an imdisturbed control, an unseeded 
control and an old field seed mixture plus nurse 
grasses (Table 6). The decision was made not to include 
the old field treatment without nurse grasses due to the 
slow rate of establishment of the old field species ob
served in the Highway 410 experiment. The seed mix
ture varied slightly between the two experiments in 
terms of species composition and seeding rate due to 
seed availability. In light of the location, the more 
southern species {A. ericoides and A. novae angliae) were 
replaced by A. ptarmicoides.

Existing ROW vegetation was killed the year before 
with 4.3 kg ha“̂  glyphosate herbicide (12 1 ha'̂  ̂
Roundup). Where regrowth occurred, the area was 
resprayed the following growing season prior to plant
ing. The sites were rototilled prior to planting. The soil 
on Highway 410 was a clay loam with 4.3^.9%  organic 
matter and pH ranging from 6.5 to 7.4. The soil on 
Highway 63 was a loamy sand with 3.4-3.6% organic 
matter and pH ranging from 5.1 to 5.7 (soil samples 
taken on adjacent site).

The Highway 410 site was seeded on June 18 (2 blocks) 
and August 5 (2 blocks), 1993 using a Wintersteiger Plot- 
man self-propelled plot drill set up for no-till. Fertilizer 
was applied to all plots on Highway 410 except the undis
turbed control, 50 kg ha“  ̂nitrogen and 80 kg ha“̂  phos
phorus according to soil test results. The planting of the 
last two blocks was delayed due to weather conditions. 
Heavy rain for two consecutive weekends after plant
ing the first two blocks rendered the remaining plant
ing sites too wet to accommodate the rototiller or 
seeder until mid-July. The decision was made to delay 
planting until August until weather conditions were 
more favorable for seed establishment.

A rainfall of 2.5 cm occurred the day after planting 
the initial 2 blocks which firmed the seedbed. The second 
two blocks were rolled after planting.
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Table 6 . Composition of old field seed mixtures planted in 
experiments on Hwy 410, Mississauga in 1993 and Highway 63, 

east of North Bay in 1994

Species Common name Rate of PLS kg ha '

Hwy 410 Hwy 63

Aster ericoides heath aster 0.074 _
Aster laevis smooth aster 0.333 0 . 2 1 0

Aster simplex panicled aster 0,148 0 . 0 2 0

Aster novae-angliae New England 
aster

0.277

Aster umbellatus flat-topped aster 0.669 0.629
Erigeron philadelphicus Philadelphia

fleabane
0.214 -

Solidago canadensis Canada
goldenrod

0.226 0.213

Solidago graminifolia grass-leaved
goldenrod

0.054 0.396

Solidago nemoralis grey-stemmed
goldenrod

0.074 0.070

Solidago ptarmicoides upland white - 0,148
aster

Total 2.069 1 . 6 8 6

Nurse Grasses:
Avena saliva oats 25
Lolium multiflorum annual ryegrass 25
Lolium perennis perennial ryegrass 15

PLS = pure live seed.

The Highway 63 site was seeded on 23 and 24 Au
gust 1994 using a Truax wildflower seeder with culti- 
packer. Contact seeding was used for both trials to 
erasure good seed/soil contact. The two seeding meth
ods were comparable since in both cases the seed was 
deposited on the soil surface and mixed with chains, 
and the seed bed was firmed after seeding.

The plots were sampled using a 1 m  ̂area which was 
evaluated for total cover, planted species and grasses. 
Evaluations were made of the cover of planted species 
in the whole plot as well. The presence or absence of 
planted species was noted. Data was analyzed for treat
ment effects using SAS (SAS Institute Inc., Cary, NC) 
GLM procedure for analysis of variance. The data were 
checked to ensure that they met normality and other 
ANOVA assumptions using the Shapiro-Wilk test sta
tistic for normality and tests for homogeneity of vari
ance (SAS, Univariate procedure). The data was 
subjected to a logit transformation for analysis 
(Snedecor and Cochran 1989) and the means were 
back-transformed to the original units of percentage 
for presentation.

Results and Discussion
In the Highway 410 experiment, two years after plant
ing, both the old field mixture treatment and the old 
field mixture plus nurse grasses treatment provided 
over 74% ground cover (Table 7). This compared to

90.6% ground cover in the undisturbed control and 
65% ground cover in the unseeded treatment (Trmt 
effect: P = 0.0025). A number of the planted species 
occurred spontaneously on the site. Heath aster. New 
England aster, panicled aster and Canada goldenrod 
seedlings were observed in the seeded treatments (Ta
ble 7), but the cover of these species was significantly 
less compared to the undisturbed control (Trmt effect: 
P = 0.0005). Perennial rye grass made up the major 
grass cover in the old field plots seeded with nurse 
grasses compared to perennial and annual weed grasses 
with the other treatments (Trmt effect: P < 0.0001).

Four years after planting the total ground cover had 
decreased to 49% in the old field with nurse grass 
treatment, while it had increased to more than 78% in 
the unplanted control and the old field mixture seeded 
alone (Table 8). In contrast the area of grass cover fell 
to less than 8% in the old field treatment seeded with 
nurse grasses, compared to over 37% grass cover in the 
other plots (Trmt effect: P = 0.0388).

The best cover of old field species tended to be in the

Table 7. Cover in response to seeding treatment two years after 
planting on existing highway right-of-way on Highway 410, 

Mississauga

Treatment Cover (% area)'

Planted
species

Grasses Ground
cover

Undisturbed control 28.6 43,4 90.6
No seed mixture 1 2 . 8 26 65.6
Old field seed mixture 17.5 11.4 74.1
Old field seed mixture 
with nurse grasses

14.9 21.5 78.4

1 Each mean represents 4 blocks and is the mean of the logit 
transformed data back-transformed to the origmal units of per
centage area.

Table 8 . Cover in response to seeding treatment four years after 
planting on existing highway right-of-way on Highway 410, 

Mississauga

Treatment Cover (% area)'

Planted species 
(whole plot)

Grasses Ground
cover

Undisturbed control 2 0 . 0 74.4 92.1
No seed mixture 14.5 37.6 78.4
Old field seed mixture 14,4 50.3 82.5
Old field seed mixture 37.9 7.9 49.3
with nurse grasses

1 Each mean represents two blocks and is the mean of the logit 
transformed data back-transformed to the original units of per
centage area.



Old field vegetation for highway ROW 53

treatment seeded with the old field seed mixture with 
nurse grasses, a mean of 37.9 (overall plot rating) com
pared to less than 20% with the other treatments (Trmt 
effect; P = 0.0998). The planted old field species repre
sented a large proportion of the total cover with this 
treatment, 76.9%, compared to less than 20% with the 
other treatments. The following species were observed 
in both old field treatments: heath aster, panicled aster. 
New England aster, flat-topped aster, grassed-leaved 
goldenrod and Canada goldenrod. In addition, smooth 
aster and grey-stemmed goldemod were observed in 
the plots seeded with the old field mixture alone. Spe
cies such as New England aster, panicled aster, heath 
aster, Canada goldenrod and grass-leaved goldenrod 
were not fully developed in height compared to exist
ing plants in adjacent roadside areas.

The perennial ryegrass has lasted for three years and 
seems to have promoted the establishment of the 
planted species compared to seeding without nurse 
grasses. Although there may be volunteer old field 
species in the seeded plots, the seeding treatment plus 
nurse grasses seems to have resulted in a increased 
stand of these species and establishment of species not 
previously on the site such as flat-topped aster.

In the Highway 63 experiment, two years after 
planting, all treatments had over 90% total ground 
cover. The nurse grasses formed a major part of this 
cover in the old field treatment. The seeded species 
covered 7% in the sample area or 13.4% over the whole 
plot in the old field treatment compared to 0 in the 
control treatments. The cover of seeded species in the 
old field treatment was patchy which was observed 
with other wildflower and prairie seed mixtures 
planted in a companion experiment on the same site. 
This may have been due to interference of volunteer 
plants or due to patchy topsoil quality.

Seedlings of all of the species that were planted were 
observed in the old field treatment although many 
were too young to flower. The late summer planting 
may have been a factor in the slow development of the 
plants. Many of the planted species occurred naturally 
on the adjacent ROW, but additional species such as A. 
laevis, A. ptarmicoides, A. umbellatus and S. nemoralis 
established as a result of the seeding.

It will be necessary to observe these plots for a few 
more years to see if the plants in the seeded treatments 
flourish, spreading by rhizomes or woody rootstocks or 
by seed, depending on the species. Research is continuing 
to evaluate hydraulic seeding techniques for an old field 
seed mixture and to demonstrate the performance of this 
seed mixture with broadcast seeding on different sites.

CONCLUSIONS

Aster/goldenrod old field communities are suitable 
for integrated vegetation management (IVM) of low 
maintenance highway rights-of-way (ROW) in Ontario

where control of noxious weeds, brush and erosion are 
major concerns. Asters and goldenrods provide quality 
highway ROW vegetation due to the dense growth 
habit, the underground rhizomes of many species and 
the ability to exclude weeds and tree seedlings due to 
competitive or allelopathic interference. An added 
benefit is the aesthetic quality of the flowers from late 
summer to the end of the growing season. Options for 
using old field vegetation on roadsides include manag
ing existing stands and seeding following construction.

Natural establishment of asters and goldenrods on 
highway ROW provides low cost, perermial cover that 
is highly competitive and suited to the growing condi
tions on each site. Established ROW areas should be 
managed to minimize disturbance of these desirable 
species by applying selective herbicide application 
programs, by avoiding mowing of these areas and by 
iniriiinizing disturbance during construction if possible.

Three old field seed mixtures have been developed 
that are suitable for roadsides. Seeding experiments 
with old field mixtures were successful in establishing 
aster and goldenrod plants in highway ROW condi
tions. The seedlings germinated over a number of years 
and developed slowly, not flowering for two to four 
years after planting. The use of a nurse crop seemed to 
improve the success of the seed mixture. Due to the 
slow establishment, it is recommended to use nurse 
grasses with these old field seed mixtures to provide 
cover and prevent erosion during the initial period 
after seeding.
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New Aspects of Rights-of-Way Management
for High-Voltage Power Lines

Reinhard Draxler, Dirk Uther, Gerhard PraxI, and Franz Hofbauer

The general characteristics for the design and construction of high-voltage lines (technical parame
ters, economical requirements, laws and regulations, environmental and social aspects) have 
changed dramatically over the past decade. Most of the criteria that may arise are closely related to 
environmental subjects. The subject of rights-of-way maintenance and its complex profile of 
requirements has become an increasingly important factor. A cost-effective implementation of 
appropriate vegetation management programs requires a large number of different considerations. 
This paper deals with the development of new strategies for rights-of-way maintenance. Criteria 
for implementation of proper management programs, according to their different regional charac
ters, are pointed out. Furthermore, a suggestion for a concept of a long-term oriented vegetation 
management program is described. Finally the important role of public participation and the 
integration into a com pany's Environmental Management System is discussed.

Keywords: High-voltage power line. Rights-of-way management, long-term oriented vegetation 
management program, environmental management system

INTRODUCTION

The European electricity supply is determined by four 
independent joint grid operations organisations 
(UCPTE, Nordel, IPS, National Grid). The members of 
the largest — the UCPTE (Union for the Coordination 
of Production and Transmission of Electricity) — are 
Belgium, Germany, Spain, France, Greece, Italy, 
Slovenia, Croatia, Bosnia-Hercegovina, the south east
ern regions of former Yugoslavia, Luxemburg, The 
Netherlands, Austria, Portugal and Switzerland. The 
UCPTE interconnection grid has a total generating 
power capacity of more than 380 GW. For transmission 
AC-lines with a frequency of 50 Hertz are used. The 
high voltage grid of Verbund (Austrian Electricity Sup
ply Board) and R W£ Energie AG is operated according 
to the specific technical rules of the Act on Electrical 
Engineering, as well as the framework of national and 
international obligations, which result from contracts 
with specific customers and partners. Also UCPTE 
standards have to be fulfilled by the power companies.

Verbund is the most important electricity supplier in 
Austria. The electricity generated covers over 50%

(29 TWh) of the electrical demand in Austria. On aver
age, more than 90% of this electricity is generated by 
means of hydro power and about 10% by thermal 
power. Verbund itself owns and operates the supra-re- 
gional high-voltage grid and ensures that in Austria 
electricity production and its demand is leveled out. 
With this task in mind, Verbund also imports and ex
ports electricity. The Verbund high-voltage grid in
cludes 32 substations as well as 3,600 km (2,200 miles) 
of overhead lines.

The RWE Energie AG was founded in 1898 and has 
become the largest private utility company in Europe. 
The total electricity release amounts to more than 125 
TWh. RWE Energie AG has approximately 700 substa
tions and its power line system exceeds close to 21,100 
km (13,000 miles). The electricity is drawn from differ
ent sources of energy such as soft coal (51%), nuclear 
power (22%), hard coal (20%), water, gas and oil (7%).

Both companies Verbund as well as RWE Energie AG 
represent typical European utility companies. Their 
high voltage transmission lines cover wide parts of 
typical European landscapes, densely populated areas 
and natural countryside.



56 R. Draxler, D. Uther, G. Praxl, and F. Hofbauer

S tan dard  R O W

R O W  th ro ug h  fo rests

Fig. 1. ROW of high-voltage power lines (RWE Energie Aktiengesellschaft 1994).

FRAMEWORKS OF RIGHTS-OF-WAY MANAGEMENT

Legal aspects of planning and approval 
procedures
The planning and installation of transmission projects 
is regulated by certain national laws and regulations. 
Before a project is definitely realised, the energy super
visory authority has to examine the energy demand. 
Subsequent to this a public approval procedure starts, 
during which the approximate corridor of the line is 
determined. The detailed planning procedures need to 
meet the requirements of nature conservation. After 
finding the ecologically most compatible ROW, the 
final corridor will be authorised on condition that the 
disadvantageous effects of the power line on nature 
and the environment will be mitigated. Compensa
tion can be achieved with conservation projects or 
payments. The last step of the public approval proce
dure is negotiating indemnification of the affected 
property owners. If no agreement is achieved, there 
will be the possibility of expropriation. Usually these 
approval procedures are very complex and may take 
very long time. As the public is becoming more and 
more sensitive to environmental problems, the estab
lishment of power lines is often affected by great 
concerns. This is why approval procedures often take 
more than 10 years. But also the operation and main
tenance of power lines have to meet high environ
mental standards.

Technical requirements
In order to guarantee a secure and reliable energy 
transmission adequate protection zones are necessary. 
The design of such zones is calculated by certain stand
ards and directions. The minimum clearance is regu
lated by standard OEVE-L 11§ 22,2 (Austria); the valid 
standard in Germany is DIN VDE 0210/12.85. The 
standard ROW for high-voltage lines is determined by 
specific parameters (span, design of the poles or towers.

voltage level). Beside this a voltage dependent mini
mum value has to be considered to prevent a flash- 
over between the energised conductor and buildings 
or vegetation. The definition of ROWs in forests, basi
cally defined the same way as standard ROWs, has 
become necessary for power lines leading through or 
near by forests (Fig. 1). It has to be guaranteed that 
conductors and poles or towers are not exposed to 
danger caused by trees falling due to windfall, fire, 
snow or erosion. The necessary distance results from 
the maximum height of the trees of the adjoining forest 
stand. The width of the ROW depends on the maximum 
height of the trees and the voltage-level. The maintenance 
of ROW will be executed by the owners of the properties 
themselves, the utility staff or contractors.

Ecological requirements
During the last decade, ecological planning of ROW 
has become more important. In this field several scien
tific studies have shown promising results regarding 
the ecological planning of high-voltage corridors (see, 
among others, Sachslehner and Schmalzer 1994; Killer, 
Ringler, and Heiland 1994). Most of these studies sug
gest that several successive years of clearcutting and 
tree-trimming on ROW can improve the ecological 
situation because such successive processes are rather 
rare in open cultivated landscapes as well as forested 
areas. From an ecological point of view, the following 
activities are recommended:
— selective advancement of small and low-growing 

plant species to minimise the effect of separating the 
ROW;

-  developing vegetation which stabilises the edge of 
the forest;

-  realisation of vegetation maintenance techniques 
appropriate for specific sections;

— no service in tree and shrub-free primary sites;
-  preservation of natural ground reliefs;
— mowing, if necessary, at long-term intervals.
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It has become an overall goal of utility companies to 
fulfill diverse ecological demands of the public. Most 
studies have shown that site-related ROW manage
ment techniques could minimise negative effects on 
nature and landscape. In some cases sections of ROW 
have been defined as nature reserves.

REALISATION OF RIGHTS-OF-WAY MANAGEMENT

Rights-of-way management in forested areas
The forests in central Europe have been affected by 
intensive human use for more than 1000 years. Accord
ingly, natural forests are rare nowadays. Central Euro
peans, especially Germans, Swiss and Austrians have a 
strong emotional attachment to the so-called "natural 
forests". This may explain why the environmental pro
tection movement remains focused upon preservation 
of forests. Power companies have to respect this social 
attitude as they execute ROW control techniques.

In the course of time, all utility companies have 
turned away from complete clearcutting and the appli
cation of herbicides. They have developed new meth
ods of ROW management using different spatial and 
temporal operations (Hausler, Rohrenbeck, and Either 
1994). Depending on topography and other site-related 
characteristics, this leads to the process shown in Fig. 2.

The main objective today is to optimize the ROW 
maintenance in the borders of its ecological, economic 
and technical framework (Uther and Janus 1996). These 
aspects should be taken into account in the same ratio 
if possible. One important step towards achieving this 
goal is support of slow-growing species with heights 
ending far below the lines. The aim of these measures 
is to develop a step structure across the corridor to the 
edge of the forest. If the edge of the forest is designed 
like this, formerly intensively controlled areas could be 
maintained with one-third of the effort previously re
quired (Coch 1995). This decreases vegetation mainte
nance costs and ecologically improves the ROW. It also 
helps ensure the reliability of electrical systems by sta
bilising the adjoining forest stand.

The restructuring of vegetation systems has to be 
planned and realised continuously by long-term pro-

Fig. 2. Methods of ROW management using different spatial 
and temporal operations (RWE Energie Aktiengesellschaft 

1995).

grams (Coch and Uther 1994). A biotope management 
planning procedure has been developed to formulate 
concrete goals and ensure their systematic realisation 
over the last years. Before planning activities can start 
the following basic information is required:
-  extent and exact location of nature reserves (i.e. for

est, water and soil of different categories)
-  owner of the property
-  ecological importance of this area
-  registration and description of the ecological system 

Based on this elementary information, a concept for
future maintenance is developed. Besides meeting all 
technical requirements, a control technique for certain 
parts of the corridor is defined by determining the 
procedure, scale and interval. This process helps to 
ensure that, as a first step, each ROW is optimised 
according to its ecological possibilities. The final opti
misation process depends on economic and safety per
spectives. Corrective actions will be realised if needed. 
The different maintenance activities are recorded in 
operation maps (scale 1:2000) as shown in Fig. 3. In 
order to ensure the sustainability of the actions, the 
biotope management planning procedure is coordinated

Fie. 3. Demonstration of measures in a ROW by scale and interval, according to the recorded biotope management planning
procedure (RWE Energie Aktiengesellschaft 1996).
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Fig. 4. Schematic procedure of ROW management. Improvement of efficiency by separating the coordination phase from the
realisation phase.

by competent authorities, nature conservation organi
sations and property owners. Because of these actions, 
planning of the internal, entrepreneurial operations are 
simplified and improved by separating the coordina
tion phase from the realisation phase, as shown in 
Fig. 4.

ROW maintenance outside forests
The framework of ROW maintenance in civilised areas 
and in open cultivated landscape is different to that in 
forests, except for technical and legal handicaps. The 
ROW control techniques have to be changed because, 
in contrast to forested areas, a large number of isolated 
shrubs and trees on wayside, in fields, gardens and 
parks have to be taken care of (RWE Energie Aktienge- 
sellschaft 1996). If maintenance of the lines becomes 
necessary and trees or high brushes have to be re
moved, most of the actions taking place are observed 
by attentive and critical citizens. In some cases land- 
owners are also affected by separate local utility com
panies. Therefore it is essential that all action should be 
carried out with great respect to the sensibility of indi
vidual customers. The biotope management planning 
procedure, as performed in wooded areas, is not effec

tive outside forests. To improve the maintenance pro
cedure in these areas, RWE Energie AG has developed 
a database management system which documents the 
registration of hundreds of independent actions. The 
basic information, such as procedure of maintenance, 
landowner and nature preserve, is collected, document
ed and transferred to a land register data bank.

Realisation of biotope management planning 
procedure
The physical vegetation control techniques are realised 
either by utility staff or contractors. In both cases it has 
to be ensured that all control techniques will be per
formed correctly, according to requirements of the 
competent authorities and internal entrepreneurial 
guidelines. The relevant knowledge, including modi
fied theoretical background information and require
ments by authorities, are transmitted by training. Also, 
practical introductions for maintaming will be carried 
out on the ROW. Each predefined step of action is 
followed by quality control measures, which are also 
useful for controlling and optimising costs of mainte
nance. Acquired information is also used to assist fu
ture planing activities.
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FUTURE ASPECTS 

Research project
In the light of the increasing importance of ecological 
ROW maintenance, the Verbund (Vienna), RWE Energie 
AG (Essen) and EVS AG (Stuttgart) will start a common 
research project in 1997. Strategies and programs for 
an ecological and sustainable ROW management 
will be developed within five years, and because of 
the integrated approach, economic optimisation 
should also be achieved. The practical realisation of 
these new planning methods will take place on se
lected stripes representing different types of land
scapes. Knowledge acquired in this project will be 
used for ecological planing of open spaces in substa
tions. Within the scope of this research project the 
following objectives are considered.
-  Elaborating principles for the ecological design of 

high-voltage corridors and the development of con
cepts for maintenance and arrangement of habitats 
on selected ROW:
-  plarming of biotopes,
-  design of living space for birds, reptiles and insects,
-  design of net-shaped biotope structures.

-  Development of methods and procedures to evalu
ate ecological and economic control techniques for 
existing and future high-voltage corridors

— Improvement of documentation systems (geographi
cal information system, environmental information 
system)

— Development of specific guidelines for all different 
landscapes to ensure correct realisation of plarmed 
measures.

-  Recommendations for owners for alternative land use.

Environmental management systems (EMS) for 
high-voltage transmission networks
One of the most significant environmental issues facing 
industries today is the challenge of implementing EMS. 
There are now two leading standards for EMS. In 1993 the 
European Community initiated an environmental 
marketing instrument, which introduces the voluntary 
participation on the Eco-Management and Audit 
Scheme (Council Regulation 1993). In addition to this, 
there is also ISO 14001, a popular international standard 
(OENORM 1995).

The plarming and design of transmission projects 
require a large amount of considerations by utility 
companies. Most of the criteria or problems that arise 
are related to environmental subjects. Therefore there 
is a need for implementation of a powerful instrument 
for controlling interdisciplinary activities. The follow
ing grouped list, according to an UNIPEDE study in 
1993 (UNIPEDE 1993), points out the individual fields 
and their possible scope for EMS.

Planning/approval procedures:
— Approval procedures performed at the same time

-  Implementing environmental matters in plarming 
procedure

-  Involving environmental groups and local commu
nities at an early stage

-  Consulting envirorunental and plarming authorities 
before initiating the formal procedure

-  Extensive information and integration of the general 
public

-  Guide for impact studies
The general documentation of impacts caused by trans
mission networks is required by both standards. It could 
accelerate impact studies or environmental impact as
sessments. The establishment of documented operating 
procedures, which underlie a periodic improvement 
process, guarantees the early involvement of affected 
groups on appropriate level of communication. It also 
helps to avoid time-consuming serial procedures.

Environmental matters:
-  Aesthetic towers or poles and equipment
-  Visual presentation
-  Research on electric and magnetic fields
-  Vegetation management
Both standards require the economically viable appli
cation of the best available technology. The effective 
application of new visualisation tools will assist a com
pany's attempts for a broad acceptance and help in the 
assessment of new power line routes. Collated and 
well-documented information on several independent 
research projects concerning the effects of electric and 
magnetic fields will augment communication with the 
public. With the installation of integrated vegetation 
management programs of rights-of-way, effective re
sults at affordable costs with minimum impact on the 
environment can be achieved. Long-term vegetation 
management programs are also a good example for the 
required improvement of environmental performance.

Technical improvements:
-  Use of compact lines
-  Exact line routing considering landscape
-  Increasing the capability of transmission network 
The use of newly designed compact lines will contrib
ute to the reduction of visual impact by tower heights 
and ROW. Special guidelines on line routing for differ
ent types of landscape, established and documented in 
the environmental management handbook, will make 
internal project management more effective.

Professionalism:
-  Training sessions on environment for utility people 

and contractors
-  Visual presentation
The implementation of EMS requires that all personnel 
whose work may significantly impact the environment 
wiU receive appropriate training. The establishment and 
maintenance of procedures will make its employees and 
members at each relevant function and level aware of
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the importance of conforming with the environmental 
policy and procedures in their roles and responsibilities.

Policy-oriented:
-  Establishment of an environmental policy
-  Inform and ensure a more active dialogue with the

public
The environmental policy must ensure that it is appro

priate to the nature, scale and environmental impacts of a 
utility's activities. It also includes a commitment to con
tinual improvement and prevention of pollution (Ver- 
hund 1996). It is also the framework for setting and 
reviewing environmental objectives and should be avail
able to the public. One major aspect is communication in 
the utility company itself. Requests by external interested 
parties regarding environmental aspects are very impor
tant and should be answered and documented. The EMS 
contains checking and corrective actions which ensure 
periodic evaluation and compliance with relevant en- 
\'ironmental legislation and regulations.

The implementation of environmental management 
systems (EMS) will become of great importance for 
utility companies who design and operate high-voltage 
power lines. A certification and/or validation by 
standards is strongly recommended for the future 
(Draxler, Praxl, and Hofbauer 1996). Due to the pre
sent structure of the Eco-Management and Audit 
Scheme (EMAS-Regulation), no voluntary participa
tion of transmission networks companies is possible. A 
new issue of EMAS is not expected before 1999. How
ever, at present, any EC-member can include addi
tional economic sectors by individual provisions (e.g. 
high-voltage power transmission). With respect to this 
situation, the implementation of environmental man
agement systems and certification (according to 
ISO/DIS 14001) of network companies is assumed to 
be a reasonable policy for now. An agreement of EMAS 
and ISO relating to ISO-certified utilities may be ex
pected in the future. Certified EMS should not be seen 
only as a voluntary marketing tool. Any implementa
tion of EMSs based on a company-wide integration will 
strongly improve the internal processes and will re
duce environmental costs in the future.

CONCLUSION

Today the electric utility companies as RWE EnergieAG 
and Verbund are endeavouring to develop new strate
gies for ROW maintenance that fulfill ecological and 
economic requirements. The proposed concept for a 
long-term oriented vegetation management program, 
performed without the application of herbicides, helps 
take into account the different interests of the compe
tent authorities, property owners and the public. To 
improve ROW management further a research project

will start in 1997. The integration of ROW management 
in a company-wide Environmental Management Sys
tem, dealing with all environmental aspects belonging 
to high-voltage lines, is recommended for the future.
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Trial Plantings of Perennial Plants on 
Electric Transmission Line ROWS

in North Louisiana

Kenneth W. Parrish, Charles E. Rowell, and James M. Dyer

Trial plantings of small trees, shrubs and low growing perennial herbaceous plants were made on 
three electric transmission rights-of-ways (ROWs) in north Louisiana. The purpose of the plantings 
was to ascertain the opportunities and constraints from using planted perennial plants to both 
improve ROW aesthetics and wildlife values, and produce a stable vegetation community requir
ing less maintenance. The goal of the project was to establish selected species in three height growth 
zones to achieve the desired bowl-shaped vegetation canopy. Small tree species were planted on 
the ROW edge next to the adjacent forest. Shrub species were planted in a zone between the small 
trees and the area directly under the transmission lines. Perennial herbaceous species were planted 
under the transmission lines. Small tree survival was good over three growing seasons of the study. 
However, growth of the trees was disappointing. Above and below ground competition from the 
adjacent large forest trees appeared to restrict growth of the planted trees. The shrub species made 
better growth, probably because of their greater distance from the forest. Wax myrtle and 
Lespediza did particularly well. Survival, however, after three growing seasons was mixed for the 
shrub species. The perermial herbaceous plantings were completely unsuccessful. The project 
demonstrated that while aesthetics of the ROWs may be enhanced with group plantings of small 
trees and shrubs, establishing the desired bowl-shaped vegetation canopy using plantings in 
forested landscapes of the region will be difficult to achieve at reasonable cost.

Keywords: Rights-of-way plantings, perennials, aesthetics, vegetation management, trees, shrubs, 
group plantings, wildlife values

INTRODUCTION

An approach to ROW vegetation management that has 
been researched, although to a lesser extent than man
agement of native vegetation, has been the conversion 
of all, or parts, of ROWs to artificially established plant 
communities. Most of these efforts have been directed 
toward the establishment of plant communities that 
produce habitat or food for various wildlife species 
(Amer, Clibum, Thomas, and Manner 1976; DeWilde 
1976; Gillespie 1978; Huntley, Amer, and Amer 1979; 
Hutnik, Bramble, and Byrnes 1987). Use by wildlife of 
such areas has been documented, but maintaining such 
areas for long periods of time has proven difficult because 
of the encroachment of undesirable native plant species, 
particularly hardwood tree species (Amer 1977; Galvin, 
Hoover, and Avery 1979, Malefyt and de Waal 1982).

Another increasingly important concern of ROW 
managers is to change the public perception that these 
corridors are unattractive. One way to accomplish this 
is by establishing plant species that are aesthetically 
pleasing. By planting native plant species that have 
attractive flowers or foliage, the aesthetics of ROWs can 
be enhanced (Anton and Bimnell, 1976; Horsley 1983). 
The use of aesthetically pleasing native plants on 
ROWs has been researched somewhat, but primarily 
on highway or railroad ROWs (Ahern 1987; Clemence 
1977; Gouveia 1987; Rosenthal 1976).

This project was conducted to explore the potential 
of establishing planted perermial plants on electric 
transmission ROWs to form a low maintenance, stable, 
bowl-shaped plant community of superior aesthetic 
appeal that also favors wildlife values.
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OBJECTIVES

The overall goal of this study was to determine the 
feasibility of using plantings of perennial vegetation to 
establish the desired bowl-shaped vegetation canopy 
on electric transmission ROWs, while also offering en
hanced wildlife and aesthetic values. Specific objec
tives were: (1) to establish a trial grouping of perennial 
plants that enhance both aesthetics and wildlife values 
with little required maintenance; (2) to horizontally 
stratify the planted species within the ROW according 
to height growth potential and thereby establish the 
desired bowl-shaped vegetation community; and (3) to 
determine if blade plowing to control undesirable 
woody vegetation would enhance survival and growth 
of the planted perennial plants.

METHODS 

Study area
Three study areas were selected in north-central Lou
isiana (near Dubach, Simsboro, and Vienna, LA) on 30 
m (too ft) wide 150 kV electric transmission ROWs. The 
study areas were selected for similar soil and forest 
type characteristics that represent the region's upland 
mixed pine/hardwood forest ecotype.

Plant species for the study were selected according 
to the following criteria:
1. Aesthetically pleasing plants that are also beneficial 

to wildlife.
2. Plants that are primarily native, or naturalized, to 

the region so as to avoid problems associated with 
exotic species.

3. Plants that have a variety of flowering and fruiting 
times.

4. Plants that are drought tolerant and aggressive 
growers and seeders.

5. Plants that need little or no maintenance and only 
minimal site preparation.
In an attempt to develop the desired bowl shape 

across the horizontal plane of the 30 m (100 ft) wide 
ROW, each 15 x 15 m (50 x 50 ft) treatment plot was 
divided into approximately equal 5 m (16 ft) size seg
ments called zones. Zone 1 was that 5 m portion of the 
treatment plot closest to the forest edge. Zone 1 plant
ings consisted of small tree species capable of 3.6-6 m 
(12-20 ft) in height growth. These plants were: (1) parsley 
hawthorne (Craetagus marshallii); (2) deciduous holly 
(Ilex decidua); (3) redbud (Cercis canadensis); (4) winged 
sumac (Rhus copallina); and (5) Mexican plum (Primus 
mexicana). Nursery-raised planting stock was used.

Zone 2 area was midway between the ROW center 
and the adjoining forest edge, 5-10 m from the ROW 
edge (16-32 ft). This zone was planted with small shrub 
species capable of height growth between 1.2 and 3.6 m 
(4 and 12 ft). These plants were: (1) French mulberry 
(Callicarpa americana); (2) bicolor lespedeza (Lespedeza

bicolor); (3) blueberry (Vaccinium elliottii); (4) yucca 
(Yucca aloefolia); and (5) waxmyrtle (Myrica cerifera). 
Nursery-raised planting stock was used.

Zone 3 was the area located beneath the conductors 
in the ROW, 10-15 m (32-50 ft). This zone was planted 
with herbaceous plants capable of growing no more 
than 1.2-2.5 m (4-8 ft) in height. These plants were: (1) 
sericea lespedeza (Lespedeza cuneata); (2) goldenrod 
(Solidago sp.); (3) aster (Aster sp.); (4) black-eyed susan 
(Rudbeckia hirta); and (5) vervain (Verbena rigida). The 
soils were disked before planting and the seed was 
applied with a hand spreader. No lime or fertilizer 
amendments were applied to any of the plots. Evaluation 
of plant establishment on the study plots was made 
after one, two and three growing seasons. However, 
only the third year data is reported in this paper. 
Planted trees were permanently marked when planted 
and measured for ground-line diameter and total 
height. Shrubs were measured for crown diameter and 
total height. At the remeasurement periods, each 
planted shrub and tree was identified and remeasured 
for the listed parameters. Herbaceous plantings (Zone 
3) were evaluated at the same time using a random 
microplot 1.2 x 1.2 m (4 x 4 ft) sampling technique.

RESULTS AND DISCUSSION 

Small tree species (Zone 1)
Survival of planted small trees after three growing 
seasons at the Dubach and Vierma sites was generally 
good (Table 1). However, new powerline construction 
activities at the Simsboro site destroyed many of the 
planted trees at that location. Consequently, that site is 
excluded from further discussion of the tree plantings. 
Some mortality also occurred at the Dubach and Vi
enna sites during 1995, probably due in part to the 
severe drought of that summer. Nevertheless, survival 
after three growing seasons of parsley hawthorne and 
Mexican plum was as high as 89 and 75%, respectively, 
on control plots (no blade plowing). Even winged sumac, 
which had the poorest overall survival, still had 67% of 
the planted seedlings alive after three growing seasons.

Unexpectedly, survival of planted trees was generally 
somewhat better, with the exception of Mexican plum, on 
the control plots than on the blade plow treatment plots.

Table 1. Survival of planted small trees after three growing 
seasons at Dubach and Vienna

Species Control
{%)

Blade plow 
(%)

Deciduous holly 72 55
Parsley hawthorne 89 75
Redbud 72 55
Winged sumac 67 61
Mexican plum 75 78
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Table 2. Height and diameter after three growing seasons of 
planted small trees at Dubach and Vienna

Species Height (cm) Diameter (mm)

Control Blade
plow

Control Blade
plow

Deciduous holly 97 114 10 12
Parsley Hawthorne 74 88 10 12
Redbud 72 73 9 11
Winged sumac 89 81 9 10
Mexican plum 85 80 8 9

Table 3. Survival (%) of planted shrubs after three growing
seasons at Dubach and Vienna

Species Control Blade plow
(%) (%)

Blueberry 60 45
French mulberry 75 65
Lespediza 43 65
Wax myrtle 48 70
Yucca 67 62

Table 4. Height and diameter of planted shrubs at Dubach and
Vienna

Species Height (cm) Crown diam.
(cm)

Control Blade Control Blade
plow plow

Blueberry 83 78 43 35
French mulberry 75 82 49 49
Lespediza 189 210 93 107
Wax myrtle 131 142 87 94
Yucca 45 50 49 52

This is in spite of the fact that competition from other 
woody species, such as sweetgum {Licjuidambar styraci- 
flua), was greatly reduced on the blade plow plots.

Planted trees still averaged less than one meter in 
height and about 10 mm in groundline diameter after 
three growing seasons (Table 2). The small amount of 
growth in the planted trees may be due to the fact that 
they were planted close to the edge of the off ROW 
forest. It was apparent that above and below ground 
competition from adjacent forest vegetation reduced 
growth of even natural vegetation, such as sweetgum, 
in this location. This forest edge competition may pre
sent an obstacle to the establishment of the desired 
bowl-shaped vegetation canopy on ROWs using plant
ings. There was no apparent relationship between 
planted tree size after three growing seasons and the 
blade plow treatment.

Planted shrubs (Zone 2)
Survival of planted shrubs over three growing seasons 
was generally somewhat poorer than that for fhe small 
trees (Table 3). Some mortality occurred during the 
drought of 1995. For example, survival of blueberry 
declined to 45% on the blade plow plots from 62% the 
previous year.

Wax myrtle and lespediza shrubs grew somewhat 
better on the blade plow treatment (Table 4). However, 
the other shrub species did not respond with increased 
growth in the blade plow plots. The planted shrubs 
generally grew to be as tall or taller than the planted 
trees of Zone 1. This may be because the shrub zone 
was further from the intense competition of fhe forest 
edge discussed earlier. Surviving wax myrtle and 
lespediza after three years had particularly developed 
into healthy specimens, averaging 130 and 210 cm in 
height, with crown diameters of 90-110 cm, respec
tively. Yucca on the other hand, the smallest of the 
shrub species, attained an average height of only 50 cm.

Perennial herbaceous plants (Zone 3)
Establishment of seeded, perennial, herbaceous plants 
(Zone 3) was unsuccessful. The only planted species 
that developed in the plots was black-eyed susan, and 
it was growing wild in the study area already. Estab
lishment of perennial plants from seed is often difficult. 
More work would be necessary to develop successful 
establishment techniques for these herbaceous plants. 
Species trials and development of planting techniques 
for the region are needed.

CONCLUSIONS

Small tree survival was good over the four years of the 
study. However, growth of the trees was disappoint
ing. Above and below ground competition from the 
adjacent large forest trees appeared to restrict growth 
of the planted trees. The planted shrubs made better 
growth, probably because of their greater distance 
from the forest. Wax myrtle and lespediza did particu
larly well. Survival after four years was mixed for the 
five shrub species. The perennial herbaceous plantings 
were completely unsuccessful. The project demon
strated that while aesthetics of the ROWs may be en
hanced with group plantings of small trees and shrubs, 
achievement of the desired bowl-shaped vegetation 
canopy will be difficult to achieve at reasonable cost 
using plantings.
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Nearly Two Decades of Integrated 
Vegetation Management on Electric 

Transmission Rights-of-Ways

Kenneth E. Finch and Scott D. Shupe

One Northeast utility has routinely used herbicides to control vegetation on its electric transmission 
rights-of-ways since the 1950s, including extensive helicopter application during the 1960s and 70s. 
This utility has reduced its herbicide usage rates from more than six gallons of concentrate per acre 
when helicopter spraying, to less than one gallon per acre today following Integrated Vegetation 
Management (IVM) strategies. IVM is that component of Integrated Pest Management (IPM) which 
balances the use of cultural, biological, mechanical and chemical procedures for controlling unde
sirable vegetation on rights-of-ways. The IVM strategies employed include a 7 -8  year cyclical 
treatment program, site specific vegetation inventories, prescription programming, regular crew 
training and familiarization programs, and a recent "partnership" with vegetation management 
contractors. In addition to effective vegetation control, the IVM methodology has provided re
duced regulatory conflicts, greater public acceptance, enhanced wildlife habitat and right-ohway 
aesthetics, reduced worker exposure and significant cost savings.

Keywords'. Reliable electric service, cost effective, long-range program. Integrated Vegetation Man
agement (IVM), desirable and undesirable vegetation, selective treatment, herbicide use reduction

INTRODUCTION

This paper shares the evolution of right-of-way (ROW) 
management at Niagara Mohawk Power Corporation 
(NMPC), and especially the development and imple
mentation of Integrated Vegetation Management 
(IVM) strategies over the last twenty years. NMPC was 
formed by the merger of several smaller utilities in 
1950, providing service today to 1,500,000 electric and 
500,000 gas customers across 24,000 square miles of 
upstate New York. Annual electric sales of 37,684 mil
lion kW, and gas sales of 224,817 thousand decatherms, 
combine to give a total revenue of $4.2 billion.

Niagara Mohawk hired its first professional System 
Forester to oversee vegetation management in 1962, as 
well as the first professional Forestry Supervisor to 
administer programs in the Capital District. Additional 
foresters were hired in the early 1970s, as environmental 
issues regarding the siting and construction of new trans
mission projects moved to the forefront. Division Forester 
positions were created in 1977, to develop and implement 
vegetation maintenance programs in the Eastern, Cen

tral and Western Divisions. The Divisional positions 
were expanded into eight Regional Forester positions 
in 1984. Today, the program includes 11 first line For
estry Supervisors and six Forestry Superintendents on 
Regional staffs; and three Environmental Foresters, a 
Secretary and the Manager of System Forestry on Sys
tem staff. The Regional/System Forestry Department 
is responsible for all vegetation management activities 
at NMPC, including both maintenance and new con
struction. This team is supported by additional staff 
within the Environmental Affairs Department for per
mitting, licensing, research and outreach matters. 

NMPC's vegetation maintenance program consists of:
— approximately 11,200 km (7,000 miles) of transmission 

right-of-way,
-  59,200 km (37,000 miles) of primary distribution cir

cuits,
-  960 km (600 miles) of gas right-of-way,
— and bare ground application to more than 2,000 sub

stations, pole yards, and gas regulator sites.
In 1996, the total vegetation management budget, includ
ing maintenance and capital, exceeded $25,000,000.
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Table 1. Transmission right-of-way management program (brush acres by voltage class)

EHV Transmission 
230, 345 kV

Transmission 
69,115 kV

Sub transmission 
23, 34.5, 46 kV

Total

Capital 4,410.1 2,718.2 1,131.9 8,260.2
Northeast 1,269.3 3,441.7 1,734.5 6,445.5
Mohawk 1,973.2 1,243.2 1,006.8 4,223.2
Central 3,243.7 3,048.7 1,705.0 7,997.4
Northern 800.6 4,138.5 2,769.5 7,708.6
Genesee 0.0 2,173.8 1,358.6 3,532.4
Frontier 1,014.8 1,185.7 293.7 2,494.2
Southwest 1,794.5 2,189.5 1,432.7 5,416.7

System 14,506.2 20,139.3 11,432.7 46,078.2
31% 44% 25%

Table 1 identifies the total brush acres managed 
under the electric transmission right-of-way manage
ment program. The extra high voltage (EHV) transmis
sion category includes ROWs of 45.7-152.4 m (150-500 
ft) in width. NMPC's normal transmission lines are 115 
kilovolts (kV), with a few 69 kV circuits, generally as 
ROWs 100 ft wide. Unlike many utilities, NMPC has an 
significant portion of its transmission system in sub
transmission voltages of 23,34.5 and 46 kV. These lines 
are maintained 15.2 m (50 ft) in width in residential and 
agricultural areas, and 22.9 (75 ft) wide in and around 
the forested areas of the Adirondack mountains.

HISTORIC PERSPECTIVE

Table 2 chronicles key points in the development of the 
NMPC transmission right-of-way management pro
gram. A brief overview will help understand the evo
lution from broadcast to integrated strategies, from 
reactive to cyclical maintenance, from forestry "advi
sors" to program managers. This understanding will 
help define the program's successes in reducing herbi
cide usage and treatment costs. As our industry be
comes more competitive and more customer driven, 
cost and pesticide reduction strategies will become the 
cornerstones of the successful programs. The concepts 
will become essential to secure continued support from 
senior management.

At the time NMPC was formed in 1950, right-of-way 
maintenance was primarily hand cutting by line crews 
during the winter, or non-construction season. This 
"filler" work was non cyclic, and targeted toward lines 
with outage problems. The coppice which resulted 
from hand clearing included fast growing hardwoods, 
such as maple, ash, poplar, black cherry, and birch.

Ammate herbicides were introduced for vegetation 
control programs in 1951. Ammate was a soluble crys
tal which dissolved in water for foliar application, or 
could be applied as crystals or paste directly to the cut 
stump. As a contact herbicide it provided top kill, but

did not effectively translocate for root control Also, 
Ammate products were highly corrosive to application 
equipment.

Test plots with phenoxy herbicides were applied in 
1953, with 2,4-D and 2,4,5-T introduced to the spray 
program in 1956. High volume ground foliar applica
tions, using specialized contract crews became the pri
mary treatment method. Specifications required 
"treatment of all woody brush which did not fall 
with the frost". Volatility and drift problems led to 
prohibitions on use in several counties in western 
New York were grape vineyards are common. As a 
result, Ammate treatments continued in these areas 
until 1984.

The phenoxy herbicides translocated, providing ef
fective root control of nearly all species, except ash. The 
introduction of Tordon products in 1966 enabled the 
development of tank mixes to control a broader spec
trum of species, including ash. The development of 
microfoil boom technology in the early 1960s led to the 
adoption of helicopter treatment as the preferred 
method through the early 1970s.

In 1973, the energy crisis and Con Edison's failure to 
declare a dividend created an enormous ripple effect 
throughout New York. Within months, NMPC's entire 
contract vegetation maintenance budget was elimi
nated, and contractors were laid off. Routine mainte
nance activities would not resume until 1976, and 
deferrals became the norm. It took a major tree caused 
outage on two separate 345 kV circuits, carrying power 
from the Nine Mile Point nuclear facility to get us back 
into the vegetation management business. This oc
curred in early summer, 1976.

Contracts were immediately let to treat 2,000 brush 
acres on our bulk and critical transmission circuits. 
Ninety percent (90%) of the work would be completed 
aerially. Contract applicators were allowed to helicop
ter treat from station to station, with instructions to 
establish "appropriate" shut off zones adjacent to agri
cultural fields, sensitive stream and river crossings, 
and residential areas.
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Table 2. Time line of ROW management events at Niagara 
Mohawk

1950 Niagara Mohawk formed
1951 Ammate herbicides first used

1953 Test plots with 2,4,5-T

1955
1956 2,4-D & 2,4/5-T herbicides introduced in 

program

1960

1962 First professional foresters hired

1965
1966 Tordon products introduced

1970

1972 Article VII law -  require environmental 
assessment and selective clear for new ROWs

1973 Con Ed declared no dividend due to oil 
embargo

1974 Loss of entire tree maintenance program
1975
1976 Loss of 9 Mile nuclear plants due to trees, 2000 

acres of helicopter spraying -  90%
1977 Garlon test plots. Division foresters hired, 

ROW inventories introduced, PSC helicopter 
show cause order, long-range ROW plans

First cycle:
1979 2,4,5-T banned by EPA, Garlon introduced
1980 Long-range ROW Plan approved, inventories 

computerized
1982 Last helicopter work

1984 Romrd up test plots
1985 Roundup herbicide introduced

Second cycle:
1987 Accord/Arsenal tanks mixes introduced

1990
1991 Compadre introduced

Third cycle:
1992 Low volume and modified low volume foliar 

introduced, very light density created
1993 Flandheld computers introduced for 

inventories
1995 "Parhrership" with vegetation maintenance

contractors

2000

However, there were cost pressures to minimize 
expensive ground methods, since we were only treat
ing 2,000 acres of tens of thousands of acres needing 
attention. Numerous complaints and lawsuits fol
lowed. The public outcry drew attention from our state 
regulators, resulting in the issuance of a "show cause" 
order from the N.Y.S. Public Service Commission (PSC) 
on 20 December 1977.

The concept of selective clearing and maintenance 
strategies had been introduced to new transmission facili
ties in 1972, with the enactment of Article VII of N.Y.S. 
Public Service law. The PSC environmental staff seized 
this opportunity to expand its regulatory oversight role to 
existing ROW'S. Through the "show cause" order the 
PSC required us to justify future use of helicopter spray
ing, and directed us to develop and submit for approval 
a "Systemwide Long Range ROW Management Plan". 
This plan must encompass aU electric transmission 
r o w 's, incorporating new selective management ideas 
supported by PSC environmental staff.

To accomplish these objectives NMPC began to cen
tralize its vegetation management programs under the 
System Forester in 1977. Division Foresters positions 
were created in each of the three divisions by promoting 
foresters who had been working on new transmission 
projects. Functional control of vegetation management 
budgets was placed imder the System Forester in 1978.

In those days. Integrated Vegetation Management 
was known as "selective" management. The current 
success of IVM was built on common sense and simple 
management principles:
1. Our regulators and the public might accept limited 

use of helicopter, but only to establish initial control 
in high density, non-sensitive areas; future mainte
nance would require more "selective" ground meth
ods.

2. The program needed to be cyclical, treating tall 
growing "undesirable" vegetation before invading 
the wire security zone and causing outages.

3. It did not make sense to spray or hand cut low 
growing "desirable" vegetation which could never 
grow into the conductors. Fostering these desirable 
species would further provide wildlife food and 
cover.

In formulating the long-range management program 
and procedures, the foresters operated from a basic 
premise that herbicides are essential to achieve root 
control of undesirable taU growing vegetation. Without 
successful root control, the hardwood species native to 
the Northeast would rapidly out compete and outgrow 
all other vegetation in their race to the conductor.

They first turned to the work of Bramble and Byrnes 
in Pennsylvania. Their research, beginning in the early 
1950s, documented the establishment of a mosaic of plant 
successional stages, using broadcast foliar, selective stem 
foliar, and basal herbicide methods. Following initial 
clearing, the treatments resulted in ROW conversions 
to low growing species, such as blackberry, bracken
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fem, blueberry, golden rod and grasses, which formed 
dense sod like, root zones. The treatments also sus
tained a vegetative species composition far less mature 
than the adjacent forest, that tended to resist reinvasion 
by tree species. This diverse mosaic also increased 
wildlife richness, numbers and usage when compared 
to adjacent forested areas.

In the early 1970s, Egler's theories concerning the 
competitiveness of shrub species was also gaming rec
ognition on New York. The theory provided that cer
tain shrub communities were stable over long periods 
of time, providing competition for and exclusion of 
taller growing hardwoods. The concepts had especially 
gained support within the Office of Environmental 
Planning at the PSC. Some of this seemed contrary to 
conventional teaching that shrub communities are 
early "successional" stages which naturally prepare 
the site for the next higher stage, the pioneer tree spe
cies and eventually the climax forest species.

Could we combine the effectiveness of herbicides to 
provide root control and prevent regrowth of un
wanted species, with the resistance to reseeding de
scribed by Bramble and Byrnes, and still capture some 
of the shrub competitiveness espoused by Egler? 
Could we demonstrate cost savings and effectiveness 
as well? If we could, may be we could capitalize on the 
best of all worlds. Still, shrub retention was driven as 
much by economics as "environmentalism". Why 
spend time and money to treat something that would 
never grow into the lines?

LONG RANGE RIGHT-OF-WAY MANAGEMENT 
PLANNING

Rudimentary inventories began in 1977, and were for
malized into the hand inventory systems in 1978. The 
draft "Long Range Right-of-way Management Plan" 
required earlier, was prepared and submitted to the 
PSC for approval in May, 1978.

Inventory procedures require a trained forester to 
field review each ROW prior to treatment, identifying 
land use and vegetation conditions. Based on land use 
patterns, vegetation heights and densities, as well as 
environmental and public sensitivities, a specific treat
ment method is prescribed for each site. Ideally, this 
inventory occurs prior to bidding the coming years 
work, and serves to quantify brush heights and densi
ties, by treatment method for the contractors as well. 
Each site is described to the nearest quarter span, to 
help crews locate scheduled work. Sites are also 
mapped on the transmission plan and profile draw
ings. The crews find the maps helpful in identifying 
odd shaped sites, such as a stream which wanders 
across the ROW, a garden in the comer of a stumptreat 
site, or a surface well within the ROW.

The land use and density classification system 
adopted in 1978 has remained virtually unchanged to

this day, with the exception of a "very light" classifica
tion that was introduced in 1993 for undesirable, tall 
growing species. It includes:

Land use codes:
1000 streams
2000 wetlands
3000 highways, roads
4000 commercial, industrial, parks
5000 residential, seasonal
6000 active agricultural fields
7000 pasture lands
8000 bmsh lands
9000 woods (either side)

Undesirable species heights:
000 no height 
100 small 
200 medium 
300 tall

Undesirable species density:
00 no undesirable species
10 very light (<100 stems/acre) (added in 1993)
20 light (0-30% cover)
30 medium (30-65% cover)
40 heavy (65-100% cover)

Desirable species density:
0 no desirable species
1 light (0-30%)
2 medium (30-65%)
3 heavy (65-100%)

In 1980, we computerized the field inventory system. 
This allowed summarizing the scheduled work, by 
acre, by density class, and by technique. It also allowed 
us to print a ticket for each site, which crews then used 
to report and track completions, chemical usage and 
costs. Computerization further enabled us to summa
rize and report undesirable species densities for future 
comparisons. In 1982, the program was modified to 
enable summary reporting and tracking of costs and 
herbicide usage per acre, by technique.

In 1992, the program was rewritten to adopt hand
held computer technology, streamlining the data entry 
process, and eliminating up to three months of data 
entry time. This also expedited our bid process. Over 
time, our contractors have become dependent upon 
these acres and density summaries for bid preparation. 
Site cards were eliminated to streamline field reporting 
and replaced with an inventory printout with space to 
enter completion date and herbicide amounts.

Selective maintenance on a cyclical program officially 
began in 1978, with all ROW'S completed eight years 
later, in 1985. The second cycle extended seven years, 
from 1986 to 1992. By the end of the second cycle, signifi
cant shifts in undesirable species density were being ob
served, with a 10% reduction in heavy density sites, when 
compared to the first cycle (Graph 1). In addition, there 
appeared to be a noticeable increase in sites with very 
light densities. We believe most of the density reductions
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are occurring in foliar treatment sites. In order to better 
track this conversion to lighter undesirable densities, a 
"very light" category was added in 1993. The third 
cycle is an eight year cycle, extending from 1993 to 
2000. The third cycle statistics reflect year to date inven
tories and costs through 1996. Herbicide reports will 
not be complete until 31 March 1997. As a result, herbi
cide usage trends are through 1995.

UNDESIRABLE BRUSH DENSITIES

Graph 1 identifies the cycle-to-cycle shift in undesir
able brush densities. During the first cycle, 50% of all 
treated acres were medium to heavy density, while 
only 18% of the acreage have the higher densities to
day. Half-way through the third cycle, 70% of the sites 
are either very light (33%) or light (37%). This is a 
significant shift in undesirable densities, which sub
sequently translates to reduced costs. It should be 
noted that more than 4,500 acres of new transmission 
were constructed during the first cycle, which were 
included in the cyclical maintenance program during 
the second cycle. This may account for the somewhat 
higher densities still reported in that cycle.

These reductions in undesirable densities are consis
tent with the results found in a separate research pro
ject undertaken by NMPC on its Volney-Marcy 345 kV 
right-of-way between 1983 and 1991. That 1992 report 
evaluates both treatment efficacy and cost to determine 
cost effectiveness by technique. It shows cycle-to-cycle 
reductions undesirable stem densities, the endurance 
of desirable stem counts, marked reductions in herbi
cide volumes, and the generally greater performance of 
stem foliar versus basal methods, especially in the in
itial conversion following new line construction. The 
Volney-Marcy project was cleared and constructed be
tween 1981 and 1982.

^  1st Cycle 

■  2nd Cycle 

□  3rd Cycle

None V. Light Light Medium Heavy
11% 0% 39% 33% 17%
17% 0% 43% 33% 7%
12% 33% 37% 14% 4%

None V .L ight Light M edium  Heavy

Graph 1. Cyclic comparison of undesirable density.

1st Cycle 
2nd Cycle 
3rd Cycle

APPLICATION METHODS

Beginning in 1978, field crews have been regularly 
trained to recognize desirable and undesirable vegeta
tion, selectively targeting undesirables whenever practi
cable. While most of this is on-the-job training, 
periodically, systemwide meetings are conducted with 
aU spray supervisors and their foremen to review field 
results, crew performance, and program goals and strate
gies. In the first years, undesirable densities were often 
so high the selective ground foliar applications were 
effectively broadcast foliar treatments. As undesirable 
densities have been reduced cycle-to-cycle, crews have 
become more selective. Graph 2 illustrates the treat
ment methods used through the years, and the relative 
percent of acres receiving each method.

Graph 2 identifies not only the preferred treatment 
methods, but how these treatments have changed over 
time. While helicopter was the method of choice in the 
1960s and early 70s, it represented only 1% of the treat
ments during the first cycle. The last helicopter treat-

Graph 2: First, second and third cycle treatments methods (percentage of all acres treated). First cycle is bar on left, second
cycle in middle, third cycle on right.

1st Cycle 
2nd Cycle 
3rd Cycle

Helicopter Sel.Foliar L.V.Foliar Basal Cut/Treat Cut/No ST Trim Mow
1% 49% 0% 7% 41% 0% 2% 0%
0% 42% 0% 7% 47% 1% 3% 1%
0% 44% 11% 0% 35% 6% 3% 1%
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merits were conducted in 1982. It remains an approved 
tool within the long-range management plan, for use in 
high density sites, and in remote, non-sensitive areas. 
From a prachcal stand point, these site conditions no 
longer exist.

Selective stem foliar applications are made during 
the summer, after full leaf development. The herbicide 
is transported through out the entire plant, following 
application, providing complete root kiU. As a result, 
selective foliar treatments have become the method of 
choice in brushland and wooded sites. As undesirable 
densities in previous foliar sites have declined, cycle- 
to-cycle, we have been able to further refine the tech
nique. The introduction of "low volume" foliar 
methods have also led to modification of conventional 
"high" volume equipment. This "modified" method 
uses 50 pounds per square inch (psi) nozzle pressure, 
rather than the conventional high volume 150 psi. It 
uses "hotter" mix rates, with 1.5% concentrate per hun
dred gallons of mix, rather than 1%. This combination 
of lower pressures require workers to get closer to the 
target stem, while hotter rates allows less herbicide mix 
per stem. The foliage does not have to be "wet to run 
off". As a result, the crews reduce over spray to non
target stems and the floor of the ROW. The adoption of 
this method has enabled our contractors to continue 
use of highly efficient hydraulic spray equipment, ex
tending the useful life of existing equipment.

In 1992, low volume foliar (LVF) methods were intro
duced to the program, essentially replacing basal. LVF 
uses water borne mixes in the range of A-5% concentrate, 
applied from back pack units. This is essentially the "mar
riage" of helicopter principles to basal equipment. While 
the foliar treatment is arguably the most effective her
bicide treatment method, basal methods have been the 
least intrusive. The public generally expresses less con
cern with right-of-way crews during highly selective 
hand applications. The larger the equipment becomes, 
the more attention it is likely to draw. Finally, today's 
herbicides translocate well, providing complete root 
control using a wide range of products.

Basal applications have always been limited in na
ture on our system because of:
-  the exacting coverage required to achieve control;
-  the dislike by field crews carrying backpacks full of 

oil borne mixtures;
-  the number of skips associated with highly selective, 

labor intense treatments;
-  the higher amount of concentrate required per acre 

for the basal methods;
-  and the higher chemical and labor rates of basal 

translate directly to higher costs per acre.
Cut and stump treatments have been the method of 
choice in public or environmentally sensitive sites, such 
as stream buffers, wetlands, near active crop fields and in 
and around sensitive residential, commercial or indus
trial areas. These treatments can be made at any time of 
year, except when snow depth restricts cutting stumps

close to the ground and hampers efficient crew move
ment. While basal and stump treating are equally labor 
intense, and both provide the same percentage of skips, 
hand cutting insures that crews do not have to return 
to the site the next season to pick up their misses. After 
working through a particular site, they can easily sur
vey the area to be sure no tall stems remain.

Graph 2 illustrates an increase in sites receiving no 
herbicide in recent years. More and more areas are 
receiving hand cutting only. This is a partially a result 
of ROW acquisition agreements on new lines where 
property owners expressly prohibit the use of herbi
cides as a condition of the easement. Unfortunately, we 
have one recent line where the company was ordered 
to construct in the easement of another state utility. 
Portions of that easement prohibit herbicide use. This 
accounts for most of these acres. ITowever, non-herbi
cide requests and pressures will continue to be a chal
lenge for ROW managers, with each becoming a site 
specific decision.

The trim sites have remained relatively constant. 
These are the yard trees where right-of-way agree
ments or owner concerns preclude their removal. In the 
last two years we have intensified pre-notification ef
forts on these sites, attempting to talk owners into 
removing fast or tall growing trees. We have had some 
success with this, but it requires an intense manage
ment effort. A knowledgeable forester must be as
signed to the project, who can research right-of-way 
agreements, then meet and negotiate with the cus
tomer. Tree growth regulators may help our manage
ment efforts on these sites in the future.

Mowing has been found to be appropriate in some 
highly sensitive areas. However, without some form of 
herbicide follow up, coppice regrowth quickly short
ens cycles to every two to three years. Mowing has 
been effectively used in certain residential areas where 
hand cutting costs become prohibitive, and high vol
ume foliar treatment methods cause public concern. In 
the 1980s we used both cut stubble and basal follow up 
treatments after mowing. Today we try to follow up 
with a low volume foliar application, late in the first 
growing season after mowing.

HERBICIDE USAGE

As mentioned earlier, when helicopter was used in the 
1960s and early 70s, as much as 90% of that ROW could 
be aerially treated. If helicopter was not used, there was 
a heavy dependence on high volume ground foliar. 
The helicopter technique used highly concentrated 
mixtures of 25-30% herbicide, with rates exceeding 4-6 
concentrate gallons/acre (gpa). By comparison, high 
volume ground foliar mixtures were 3-4% concentrate, 
and application rates were 3-9 gpa or more.

While 1978 represents the first year of the new IVM 
program, it also represents a transition year from these
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gal/ac

Graph 3. Herbicide usage.

^  1st Cycle 

■  2nd Cycle 

□  3rd Cycle

Helicopter Sel. Foliar Basal S tu m p trea t

Graph 4. Cyclical comparison of herbicide usage by technique.

1978 1st Cycle 2nd Cycle 3rd Cycle Helicopter Sel.Foliar Basal Stumptreat
Concentrate 3.66 1.46 0.84 0.91 1st Cycle 6.26 1.18 1.71 0.44
(gallons/acre) 2nd Cycle 0 0.94 2.33 0.52

3rd Cycle 0 0.86 2.79 0.96

non-selective broadcast methods of the past. The shift 
to selective, prescription treatment required intense 
training and field inspection as crews learned to recog
nize and save low growing species. Graph 3 plots her
bicide use trends since 1978, showing that the average 
concentrate gallons/acre for the first cycle are 60% 
lower than the rates applied that first year. Results of 
the first cycle, clearly indicates the "buy in" of contrac
tors and field crews to IVM methods. The third cycle 
rates represent a 75% reduction in the average concen
trate gallons per acre since beginning the program.

Graph 4 illustrates the changes which have occurred 
in herbicide concentrate per acre, by technique, since 
1978. A number of factors have contributed to the re
ductions which have occurred, including reductions in 
stem densities in foliar sites, improvements in herbi
cide effectiveness and application technology. How
ever, analysis of the individual techniques indicate 
significant upward trends m herbicide usage on basal 
and stump treatment sites.

Following the public outcry of 1976, and the regula
tory pressures to adopt highly selective methods 
within the long-range management plans, there was 
tremendous pressure to eliminate all foliar methods as 
well. In 1989, we were specifically directed to reduce 
dependence upon ground foliar methods, with indi
vidual regulators commenting that basal or cut and 
treat should be the only methods allowed. However, 
sound programming and application, together with 
extensive research through the Empire State Electric 
Energy Research Company (ESEERCo), the New York 
utilities have been successful in retaining selective 
ground foliar techniques as a viable tool.

Selective foliar methods provided a 20% reduction 
in gallons per acre of concentrate from the first to 
second cycle, and another 8.5% reduction from the 
second to third cycle. It has been the reductions in this 
category which contributed to the program's overall 
reductions in both stem density and herbicide usage.

Low volume foliar techniques, together with the 
modification of high volume methods are showing

continued reductions are possible as crews and con
tractors witness the effectiveness and accept these 
methods. In 1995, our modified foliar rates required 
0.77 gpa of concentrate, while low volume foliar rates 
were 0.69 gpa. We anticipate these rates will be further 
reduced through improved crew training and selectiv
ity. The problem involves convincing applicators that 
effective control can be achieved with such light appli
cation rates to the leaf surface. The goal is to further 
reduce over spray, and consequent loss of non-target 
vegetation.

It is worth noting that the herbicide usage trends of 
foliar methods, as demonstrated by the overall density 
reductions, are consistent with finds of the previously 
mentioned Volney-Marcy research project.

The herbicide use trends for the basal technique 
indicate that it may be more environmentally intrusive 
than all other selective methods by introducing more 
herbicide per acre into the environment. Today, low 
volume foliar methods provide more effective control, 
while requiring far less herbicide.

Where foliar methods cannot be used due to public 
or environmental sensitivities, cutting and stump treat
ments are employed. Ironically, the high selectivity of 
this technique has not contributed to reductions in 
concentrate gallons per acre. Based on a doubling of 
herbicide rates per acre on stump treat sites, an increase 
in stem density is indicated. It is noteworthy that we 
have consistently used the same ready-to-use stump 
treatment products; Tordon RTU (Pathway) since 1980, 
and Compadre since 1991. We believe that this in
crease is the result of treatment skips or misses asso
ciated with stump treating, were crews overlook a 
cut stem, or wait too long after cutting before apply
ing the herbicide. These misses are consistent with 
the basal method as well. Future conversion of these 
stumptreat sites to low volume foliar sites where 
possible, may improve results. However, we antici
pate we will always have this problem since most 
stump treatment sites will continue to close to "sensi
tive" resources.
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COST TRENDS

For the right-of-way manager, costs and reliability are 
the factors which determine the effectiveness of your 
program. Graph 5 reveals the right-of-way mainte
nance trends which capture the attention and support 
of senior managemenf.

The computerization of fhe program enabled us fo:
-  provide accurafe vegetation density summaries and 

bid quantities to our contractors;
-  modify the field inventory process, capturing de

creases in undesirable density and again quantify 
them for our contractors:

-  and identify reductions in herbicide usage.
This resulted in a change in our bid procedures in 

1995. Prior to this time, all maintenance to the "floor" 
of the ROW, that is from free line to tree line, was let to 
contract based on fixed price, lump sum bids. In 1995, 
we converted to unit price contracts, based on tech
nique and density conditions. These changes have re
sulted in saving more than one million dollars per year 
and effectively maintaining today's acreage at less cost 
per acre than we paid in 1981.

PUBLIC RELATIONS

The transition from high volume ground broadcast and 
aerial applications, to selective treatments, preserving 
compatible, low growing shrub communities have re
duced customer concerns with vegetation management. 
The retention of this desirable vegetation has avoided the 
problem of exfensive brown ouf. The esfablishmenf of 
buffers around "sensifive" sites has demonstrated con
cern for environmental or public concerns. Prescription 
programming essentially provides a "common sense"

approach which is easy to explained and understood 
when responding to a customer concern or complaint. 
To assist in customer education, a "Long Range Right- 
of-way Management Brochure" has been developed. 
This brochure, together with the product label, is pro
vided to any customer requesting additional information.

CONCLUSION

At Niagara Mohawk, we believe that the investment in 
a cyclical management program, spanning nearly two 
decades, and which employs integrated vegetation 
management principles and strategies, has been highly 
successful. The company is now enjoying significant 
cost savings. Our regulators can claim a major role in 
shaping right-of-way managemenf policy in New 
York, increases in wildlife habitat and biodiversity, and 
reductions in herbicide usage while providing safe, 
reliable electric service. Our customers will enjoy re
duced pressure for increased rates to support line clear
ance activities. Finally we are experiencing improved 
public acceptance of selective management strategies, 
especially the low volume technologies.
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Graph 5. Average treatment cost per acre. Costs are not adjusted for inflation.
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Effectiveness of Three Vegetation Control 
Methods in Establishing Compatible Plant 

Species in Powerline Rights-of-Way in
Northeastern Quebec

Yves Garant, Jean Domingue, and Frangois Gauthier

Hydro-Quebec periodically controls vegetation in its powerline ROWs to maintain network secu
rity and reliability. The efficiency of three control methods in establishing compatible vegetation 
was tested in Northeastern Quebec: (1) manual cut, (2) manual cut plus land application of Tordon 
101 and TCA, and (3) aerial application of Tordon 101 and Silwet L-77. The purpose of the study 
was to compare the abundance of incompatible vegetation between sites, six years after the initial 
treatment. The area covered by incompatible stems was ranked based on three classes of vegetation 
homogeneity, using photogrammetry. Sampling plots were randomly distributed in vegetation 
zones in which the density of incompatible stems were measured and vegetation cover of mosses, 
herbs and grasses, woody vegetation and trees were determined. The most efficient method in 
controlling incompatible woody stems was aerial spraying of Tordon 101. Only 2,900 stems/ha 
were measured in these spans. Stem density of incompatible species was intermediate (14,184 
stems/ha) after a ground application of Tordon 101 and TCA. A high density of 73,000 stems/ha 
was observed in spans that were treated by mechanical cutting.

Keywords: Herbicide, maintenance, manual cut, powerline, right-of-way, stems, TCA, Tordon 101, 
utility, vegetation

INTRODUCTION

Hydro-Quebec periodically controls vegetation in its 
powerline rights-of-way (ROWs) to maintain network 
security and reliability. Approximately 25% of these 
ROWs are located in remote areas or on rugged terrain 
where accessibility is often restricted. The efficiency of 
a treatment is based on its capacity to control incom
patible vegetation (woody stems > 1 m high) that could 
eventually interfere with the network and cause a 
power failure. Vegetation control in northern ROWs 
located in the boreal forest is also a preventive measure 
for minimizing the risk of forest fires under powerli
nes. Methods that favor the establishment of low and 
stable vegetation communities are therefore favored by 
utilities (Brown 1993).

Hydro-Quebec conducted a study in Northeastern 
Quebec to test the efficiency of three vegetation control 
methods: (1) manual cut, (2) manual cut and terrestrial

spraying of Tordon 101 and TCA (trichloroacetic acid), 
and (3) aerial spraying of Tordon 101 and Silwet L-77. 
A second cut was necessary in 1995 in spans treated by 
manual cutting in 1990 because vegetation was threat
ening the powerline. The objective of the study was to 
compare the effectiveness of each treatment, by meas
uring the abundance of incompatible vegetation at 
each site.

STUDY AREA AND METHODS

The study was carried out in six spans of 2-735 kV lines 
located approximately 70 km north of Baie-Comeau, 
and in three spans of a 735 kV line, 35 km north of 
Godbout, on the North Shore of the Saint-Lawrence 
River (Fig. 1). Vegetation in these spans was controlled 
in 1990 by one of the following treatments (three 
spans / treatment):
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Fig. 1. Study areas in the North Shore region, Quebec, Canada.

Manual cut: Systematic or selective cut of stems, 15 
cm above ground, using chainsaws or other mechani
cal means. A second cut was necessary in 1995 because 
incompahble vegetation was threatening the powerline.

Combined treatment: All stems above 3 m in height 
were cut manually. A foliar spraying of Tordon 101 
+ TCA was applied thereafter by a vehicle equipped 
with a spraying gun. Herbicide was sprayed until 
run-off on leaves and stems occurred; volume of her
bicide applied varied with density of incompatible 
vegetation. Concentrations of Tordon 101 and TCA 
in the mixture were 8.5 1/1000 1 and 8 kg/1000 1, re
spectively.

Aerial application of herbicide: foliage was sprayed 
with a Tordon 101 with Sylwet-L-77 mixture using a 
TVB (Thru-valve boom) system mounted on a helicop
ter, at a rate of 25 1/ha of Tordon 101. This application 
was conducted at an approximate speed of 50 km/h 
and at an altitude of 4 m above vegetation. With a TVB, 
droplets measure = 2000 pm in diameter and these 
droplets are therefore less prone to drifting than fine 
droplets formed by conventional sprayers.

A preliminary examination of the vegetation in each

span was conducted by photogrammetry. Homogene
ous vegetation zones were delineated using three 
classes of incompatible stem density. Zone 1 was domi
nated by compatible vegetation (herbs, grasses, forbs, 
low shrubs) and incompatible stems were sparse. Zone 
2 was characterized by small clumps of incompatible 
species; these clumps accounted for less than 50% of 
total vegetation cover. Zone 3 was defined as an area in 
which vegetation cover of incompatible stems was 
equal or greater than 50%. The area covered by each 
vegetation zone was measured in all spans.

Sampling plots (3.57 m radius) were randomly dis
tributed in each vegetation zone. Poles were tallied by 
diameter at breast height (DBH) and height for stems 
with a DBH > 1 cm, as defined in Quebec (1984) (Table 
1). Stems with a DBH < 1 cm were recorded by species 
in 1.13 m radius sampling plots (Fig. 2). In aerially 
sprayed spans, vegetation zones 2 and 3 were virtually 
absent and all sampling plots were distributed in 
zone 1 (Table 2). Density of incompatible vegetation is 
presented separately for coniferous and deciduous 
species for two stem classes: regeneration (DBH < 1 cm) 
and poles (DBH > 1 cm).
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Fig. 2. Spatial location of sample plots used to measure density 
and cover of incompatible vegetation in rights-of-way.

RESULTS AND DISCUSSION

Density of incompatible vegetation
Abundance of incompatible vegetation varied greatly 
with treatment; a very low density of 2,901 stems/ha 
was measured in aerial sprayed spans whereas 73,100 
stems/ha was recorded in cut spans (Fig. 3). Regenera
tion was the dominant stem class in all treatments and 
it accounted for 71-98% of incompatible vegetation in 
the ROWs. No deciduous poles were recorded six years 
after treatment in spans treated with an aerial applica
tion of Tordon 101. Deciduous and coniferous poles 
were the most abundant after a combined treatment 
(cut and herbicide) (Fig. 3).

Manual cutting of vegetation was the least efficient 
method in controlling incompatible stems. One year 
after a second cut, stem density was 25 times more 
abundant than density six years after an aerial applica
tion of Tordon 101.

Table 1. Diameter at breast height (DBH) and height classes 
used to classify vegetation

Class DBH (cm) or Height (m)

DBH
2 1-1.9
4 2-3.9
6 4-5.9
8 6-7.9

Height
3 1-1.9
4 2-2.9
5 > 3

Vegetation cover
Moss cover in spans treated with herbicides (36-4:7%) 
was greater than cover in spans treated by a mechanical 
cut (7-12%). Low herbs and grasses dominated most 
study areas with a vegetation cover between 40 and 
74% (Table 3). This type of vegetation was very com
mon in Tordon 101 treated areas and it occupied about 
67% of the span. Tall herbs and grasses were also abun
dant and this class covered 20-55% of vegetation zones 
(Table 3).

Low woody vegetation was present at all treated 
sites and represented from 16 to 46% of the areas. Tall 
woody stems were not common in Tordon 101 aerially 
treated spans, with a cover of only 7% (Table 3). Tall 
incompatible stems (1 m < height < 2.9 m) were com
mon or abundant in zones 2 and 3 of the manual cut 
and combined treatments with a cover between 39 and 
63%. Stems above 2.9 m were recorded only in spans 
where vegetation was controlled by the combined or cut

Table 2. Distribution of sampling plots in vegetation zones

Treatment Vegetation zone* Large sampling plots 
3.57 m radius (n)

Small samplmg plots 
1.13 m radius (n)

Aerial spraying (Tordon 101) 1 10 30

Combined treatment (cutting stems > 3 m, 1 5 15
terrestrial spraying of Tordon 101 and TCA) 2 6 18

3 5 15

Cut 1 6 18
2 8 24
3 5 15

Total 45 135

* Zone 1: Dominated by compatible vegetation.
Zone 2: Small clumps of incompatible cover, < 50% vegetation cover. 
Zone 3: > 50% of incompatible vegetation cover.
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Fig. 3. Stem density of incompatible species for 3 types of vegetation control.

Table 3. Percent cover of vegetation classes in treated spans of powerline rights-of-way

Treatment Zone* Area Cover (%)

Mosses Low herbs 
and grasses

Tall herbs 
and grasses

Low woody 
stems

Tall woody 
stems

Trees Barren

Aerial spraying (Tordon 101) 1 12.80 36 67 55 24 7 0 0
2 0.39 - - - - - - -
3 0.01 - _ - - - - -

Combined treatment (cutting 1 6.30 37 40 36 24 6 0 4
stems > 3 m, terrestrial spraying 2 7.79 47 70 20 16 42 3 0
of Tordon 101 and TCA) 3 3.06 45 74 42 24 63 26 0

Cut 1 2.40 12 49 35 46 9 0 0
2 2.22 7 46 31 40 45 1 0
3 2.50 7 41 33 17 39 10 0

*Zone 1: Dominated by compatible vegetation.
Zone 2: Small clumps of incompatible cover, < 50% vegetation cover. 
Zone 3: > 50% of incompatible vegetation cover.

treatment (Table 3). Most of these stems were found in 
zone 3, where density of incompatible vegetation was 
the highest.

Based on the growth pattern and the characteristics 
of the vegetation (height and density) in 1996, six years

after the aerial spraying and combined treatments, and 
one year after a second cut, we anticipate a treatment 
cycle of nine years for the aerial spraying of Tordon 
101, seven years for a combined treatment and about 
four to five years for a manual cut.
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The Houston Region Native Grass 
Seedbank: A Natural Partnership Between 

Right-Of-Way Management and Conservation

Robert A. Honig and Gregory D. Wieland

Native grasses, especially local ecotypes, are better adapted to local conditions than many non-na
tive species used on rights-of-way. Once established they require less maintenance and are more 
drought hardy than these non-native species, and their deeper root systems better prevent soil 
erosion. They also provide quality habitat for native fauna, helping maintain biodiversity. How
ever, native grass communities are disappearing due to agriculture, noxious weed and brush 
encroachment, and urbanization. Furthermore, seeds of southeast Texas ecotypes are not commer
cially available for revegetation efforts, as on rights-of-way. Thus, in August 1995, representatives 
of government agencies, businesses, and conservation organizations established a Houston Region 
Native Grass Seedbank to ensure a substantial future source of grasses indigenous to the southeast 
Texas coastal prairie. To develop a protocol for restoring a site dominated by undesirable species 
to one dominated by native species, El Paso Energy provided approximately 0.8 ha (2 acres) for 
experimental plantings within a natural gas pipeline compressor station. Criteria for choosing 
species used in 1996 were desirability of preserving the local ecotype, ease of growth, ease of 
identification, erosion control potential, wildlife values, aesthetics, and availability during collec
tion dates. Despite severe early summer drought, all planted species germinated and set seed; 
Longspike Tridens and Big Bluestem demonstrated enhanced potential for rights-of-way by out- 
competing the aggressive, non-native grasses. Efforts are continuing in 1997. The Harris County 
Flood Control District, Houston Lighting & Power Company, and Mercer Arboretum and Botanic 
Gardens are also involved in cooperative efforts with the Seedbank Project.

Keywords: Prairies, grasses, restoration, rights-of-way, pipelines, native plants, conservation, ero
sion control, seed bank, business/conservation partnerships, Texas

Prairie. Here was the continent's largest continuous ecosystem, 
and the one most characteristic of the United States.

Today it is the rarest and most fragmented, 
the one in gravest danger of vanishing altogether 

— Chadwick (1995)

The Houston Region Native Grass Seedbank Project 
(hereafter referred to as "Seedbank Project" or "Seed- 
bank") is a consortium of institutions and individuals 
striving to make available substantial quantities of lo
cally adapted native grass seed, as well as to publicize 
the utility and value of native grasses and the prairies 
where they grow. By illustrating the desirability and 
beauty of grasses native to southeast Texas, and by 
creating an appreciation of these grasses, the Seedbank

Project hopes to contribute to the conservation of their 
habitat, the disappearing coastal prairie.

Because these grass species have qualities that make 
them well suited for use on rights-of-way^, pipeline 
and electric transmission companies and transportation 
corridor (i.e., highways and railroads) managers can play 
an important role in the conservation and restoration of 
the coastal prairie. This seed bank concept being devel
oped in the Houston, Texas, region has widespread 
applicability: over 99% of the original prairies

1 "Right-of-way" in the context of this article means a linear 
corridor; it does not include compressor/pumping stations, 
meter stations, processing facilities, electric substations, 
power plants, or other ancillary facilities.
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throughout North America have disappeared, and 
they continue to disappear at alarming rates as they are 
converted to other uses (Bohnen and Hanchek 1992).

THE NEED FOR A COASTAL PRAIRIE SEED BANK 
IN SOUTHEAST TEXAS

Prairies are characterized by grasses with extensive 
root systems, usually with many other herbaceous 
plaiats, sometimes called forbs, and with trees and 
shrubs playing a minor role. Mycorrhizal fungi associ
ated with the grasses' root systems symbiotically en
hance the grasses' uptake of nutrients and water. 
Prairie fauna — from soil microinvertebrates to ants to 
bison — are associated as well. The domination of 
grasses is facilitated by periodic drought, grazing, and 
wildfire (Chadwick 1995). Coastal prairies in Texas and 
Louisiana extend 50 to 130 km (30 to 80 miles) inland 
from the marshes along the Gulf of Mexico. They are 
nearly level, with elevations from sea level to 75 m (250 
ft) (Hatch et al. 1990).

The coastal prairies of Texas and Louisiana once 
covered about 5.3 million ha (13 million acres). Today, 
however, less than 2% remains, mostly under private 
ownership. The remaining 100,000 ha (250,000 acres) are 
facing human and agricultural pressures with about one- 
third of the area cultivated for rice, sorghum, com, and 
tame pastures (Wagner and Riskrnd 1992). Much of the 
rest is threatened by aggressive non-native (also called 
exotic or noxious) invaders — most introduced inten
tionally by man — which have little value to native 
wildlife and can outcompete native plant species. For 
example, the 80 km (50 mile) drive from Houston to 
Galveston — which once presented sweeping vistas of 
native grasses — is now to a large extent dominated by 
views of Chinese Tallow (Sapium sebiferum) thickets. In 
20 years from the time it first invades a prairie, this tree 
species is capable of developing into an essentially 
monoculture climax overstory that is biologically de
pauperate (Cameron 1996). In fact the status of the 
remnants of coastal prairie is evidenced by the Louisi
ana Natural Heritage Program's classification of coastal 
prairie as "critically imperiled" (Smith 1996) and the 
Texas Natural Heritage Program's (1993) classification of 
the Little Bluestem-Brownseed Paspalum community as 
"imperiled" and the Gammagrass-Switchgrass commu
nity as "critically imperiled."

Some of the individual grass species and other rare 
plants with which they are associated are in danger of 
becoming extinct. For example, Texas Windmillgrass 
{Chloris texensisf- is known from only about ten sites in 
the shrinking prairies of the Houston region (Arey 
1996). Sites for this rare grass are disappearing rapidly. 
Possibly the best location was transformed in 1994 to a

2 Nomenclature of grass species as in Gould (1975).

suburban yard, complete with ranch house and two 
trees in the front yard. Another site in Pasadena, Texas, 
was developed, with the accompanying loss of Texas 
WindmiUgrass as well as another rare species, the Hous
ton Daisy (Machaeranthera aurea). Two other sites will be 
lost due to construction of a highway and a mall.

Who cares? Who needs these fields of grasses and 
forbs? What good are they? They provide habitat for a 
wide variety of dependent wildlife, including many 
migratory birds and endangered species like Attwa- 
ter's Prairie Chicken {Tympamchus cupido attiuateri). 
Prairies may be an important sink of carbon dioxide, of 
growing importance in light of concern over global 
climate changes. And centuries of growth and decay of 
the extensive root systems and vegetative matter, along 
with periodic wildfires, have produced the richest soils 
in the world. Prairies not only improve soil, but they 
can be hayed, and they provide forage for livestock. In 
fact, because no fertilizer is required and water is not as 
critical, the expense of managing native forage is much 
less than for managing so-called "improved" grass spe
cies (Campbell 1996). This invaluable natural resource 
has enhanced quality of life in the United States and 
enabled it to become the "breadbasket of the world". 
Prairies thus have a historic importance equal to that of 
any man-made site. However, instead of protecting 
this valuable resource, mankind has considered prai
ries expendable — plowing them, depleting the soil 
and allowing it to erode, and covering the world's best 
soils with subdivisions, malls, and roads. As a result, 
prairies have become perhaps the most threatened 
habitat in the United States.

THE HOUSTON REGION NATIVE GRASS 
SEEDBANK PROJECT

Fortunately, there is growing interest in prairies and in 
using native grasses for prairie restoration, landscap
ing, erosion control, soil stabilization, and flood control 
projects. The only economical way to establish prairie 
plants on a large scale is with seed. Unfortunately, in 
the case of the Gulf coast of Texas there are no sources 
of locally adapted native grass seeds. Most commer
cially available native grass is derived from material 
collected in other areas of the country, such as Kansas 
and west and north Texas, and has been bred to reduce 
genetic variability (producing strains called "cultivars"). 
This material is adapted to climates and soils different 
from those on the Gulf coast, and thus it is unlikely to 
perform as well as local ecotypes if transplanted to 
southeast Texas. A Minnesota study (Olson 1984) illus
trated this, finding that grass varieties derived from 
Nebraska stock flowered up to 60 days later than the 
local ecotype, resulting in frequent winter injury.

The need for a source of locally adapted grass seed 
prompted the establishment in August 1995 of the 
Houston Region Native Grass Seedbank Project. The
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following organizations are represented on the Seed- 
bank Project team:
-  U.S. Fish & Wildlife Service
-  Sims Bayou Coalition
-  Katy Prairie Conservancy
-  El Paso Energy^
-  University of Houston Coastal Center
-  Texas Parks and Wildlife Department
-  Houston Lighting and Power Company
-  Harris County Flood Control District
-  Mercer Arboretum and Botanic Gardens
-  Brown & Root
-  Native Plant Society of Texas

The goals of this project are to develop cost-effective 
methods of producing ready and substantial supplies 
of seed of locally adapted native grasses, determine 
how to best establish new stands, demonstrate the 
grasses' utility and desirability, and encourage the use 
of these grasses. Hopefully in a few years commercial 
interests, stimulated by consumer demand, will dis
cover the market, use and improve the methods, and 
take over the project, making locally adapted material 
widely available for the first time as they profit from 
this currently untapped commodity.

Initial efforts of the project included seed collecting 
by volunteers in the autumns of 1995 and 1996 from 
several remnant prairie sites in the Houston region, 
and organizing and co-sponsoring the highly success
ful Coastal Prairie and Native Grasses Symposium in 
October 1996 at the University of Houston-Clear Lake.

THE EL PASO ENERGY-SEEDBANK PROJECT 
PARTNERSHIP: A RIGHT-OF-WAY COMPANY CASE 
STUDY

What’s in it for a right-of-way manager such as El 
Paso Energy?
The El Paso Energy system contains more than 56,000 
km (35,000 miles) of natural gas pipeline in 24 states. 
Sections of right-of-way for small diameter pipelines 
may be as little as 4.6 m (15 ft) wide, others for large 
diameter lines may occupy corridors 15.2-22.9 m (50-75 
ft) wide, and for multiple lines the corridors may be wider 
than 30.5 m (100 ft). El Paso Energy maintains the right- 
of-way in a low-growth condition (e.g., grasses) to facili
tate surveillance and provide access for maintenance and 
emergency response, as well as to minimize the chances 
of woody plant roots damaging pipe coatings. Thus the 
vegetation on the right-of-way significantly influences 
the maintenance effort El Paso Energy must expend.

3 Pipeline company involvement in the Seedbank Project began 
at Tenneco Energy, prior to its merger with El Paso Energy 
Corporation in December 1996. Work on the project continues 
under El Paso Energy's management. All references in this 
article, even to events prior to the December 1996 merger, will 
be to El Paso Energy.

Erosion control, one of the major criteria for choosing 
species for the Seedbank, is also of particular concern to 
right-of-way managers. Severe erosion can cause safety 
problems, and it will generate complaints from land- 
owners and raise concerns among government agencies 
that have issued operating permits. Using native 
grasses with deep root systems — some as deep as 
4-6 m (12-20 ft) — can enhance the soil-holding ability 
of the right-of-way vegetation.

In addition, because native species are better 
adapted to local conditions, once established they re
quire less care and are more drought hardy than many 
commonly used non-native species. Thus, enhanced 
drought hardiness and erosion control can increase 
right-of-way maintenance efficiencies and in turn re
duce dollars spent.

The environmental conservation aspects of the project 
can generate positive publicity for a corporate partner 
and enhance relationships with the cormnunity, conser
vation organizations, agencies, and others. Locally 
adapted native grasses represent the unique qualities of 
the local plant community. Because prairies provide 
habitat for a wide range of native plants and animals, they 
help maintain a region's biodiversity. Thus, support can 
be expected from a wide range of interests such as native 
plant societies, nature clubs, students, and government 
agencies with an interest in managing similar habitats.

In addition, depending on the success of the Seed- 
bank's efforts and how widely this approach can be 
implemented, there is potential to use company prop
erty to grow these species commercially. El Paso En
ergy would then be able to use its own seed on its 
rights-of-way. The company also could sell seed to 
supplement the corporate bottom line — always an 
attractive prospect to management. The acreage on 
which such an operation is located might even qualify 
for an agricultural tax exemption.

Of course, there are some concerns that must be 
addressed when revegetating with native grasses. For 
example, it may be imperative to quickly establish 
vegetation, e.g., to minimize erosion. In this case, one can 
use nurse plants, low-competitive exotic species that will 
establish themselves quickly but later be edged out by the 
slower-establishing native grasses. Also, some non-na
tives such as Bahiagrass are extremely aggressive and 
tough to kill, thus they can be expensive and labor 
intensive to eliminate.

The experimental planting site
El Paso Energy's contribution to the Seedbank Project 
was to make available an approximately 0.8 ha (2 acre) 
pilot project site for the sowing of grass seed. The goal 
of this experiment: to develop a protocol for restoring 
a site dominated by undesirable species to one domi
nated by native species.

The pilot site is at El Paso Energy's Compressor 
Station 17 near East Bernard, Texas, in Wharton 
County. It is in a portion of the facility formerly used
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Table 1. Native Grass plantings at the El Paso Energy compressor station, Wharton County, Texas

Amount Area planted Application rate'

Species: seed sowing 
Florida Paspalum {Paspalum floridanum) 
Switchgrass {Panicum virgatum)
Longspike Tridens {Tridens strictus)
Big Bluestem {Andropogon gerardii)
Pan American Balsamscale {Elyonurus tripsachoides)

0.36 kg (0.79 lb) 
0.17 kg (0.371b) 
0.36 kg (0.8 lb) 
1.08 kg (2.37 lb) 
1.74 kg (3.84 lb)

266 m  ̂(2,868 fF) 
214 m  ̂(2,302 fF) 
360 m  ̂(3,872 fF) 
799 m  ̂(8,603 fF) 
1,295 m  ̂(13,939 fF)

13.5 kg/ha (12.0 Ib/ac) 
7.9 kg/ha (7.0 Ib/ac)
10 kg/ha (9.0 Ib/ac)
13.5 kg/ha (12.0 Ib/ac) 
13.4 kg/ha (12.0 Ib/ac)

Species: seed hay application 
Little Bluestem {Schizachyrium scoparium) 1,150 kg (2,535 lb = 39 

bales)
5,159 m  ̂(55,536 fF) 2,229 kg/ha (2,000 Ib/ac)

' Pure live seed % not determined.

for company housing and thus removed from day-to-day 
compressor station operations. There is no high-pressure 
underground gas piping in this part of the facility; how
ever prairie grass planting and maintenance do not in
volve any deep plowing or digging and would not 
present any safety concerns even if they were con
ducted over buried pipes (e.g., on a right-of-way).

The experimental plantings
Site preparation involved application of the herbicide 
Roundup™ to eliminate Bahiagrass {Paspalum no- 
tatum), King Ranch Bluestem (Bothriochloa ischaemum 
var. songarica), and other aggressive, non-native 
grasses that dominated the site so that the native prai
rie grasses would have less competition. In addition 
compressor station staff disked the soil twice to kill the 
Bahiagrass roots. The Seedbank team originally tar
geted planting for January 1996 in order to have the 
seed in the ground early enough to take advantage of 
the spring rains. However, winter frosts, lingering cold 
weather, and extended drought had killed the tops of 
the Bahiagrass. Because Roundup™ works best on ac
tively growing plants, the team was forced to delay 
herbicide application until March when the Bahiagrass 
started growing again.

On 21 March 1996, the team sowed monoculture strips 
totaling approximately 0.3 ha (0.7 acres) with seeds of 
five native prairie grasses collected by Seedbarrk volun
teers in southeast Texas: Pan American Balsamscale 
(Elyonurus tripsachoides) from the Attwater Prairie 
Chicken National Wildlife Refuge in Colorado County; 
and Switchgrass (Panicum virgatum), Longspike Tri- 
dens {Tridens strictiis), Big Bluestem {Andropogon ger- 
ardii), and Florida Paspalum {Paspalum floridanum) 
from the University of Houston Coastal Center in 
Galveston County. The Seedbank team chose these spe
cies based on desirability of preserving the local ecotype, 
ease of growth, ease of identification, potential for pre
venting erosion, wildlife values, aesthetics, and availabil
ity during collection dates. Sowing was by hand — 
unfortunately, the seed drill available to the Seedbank 
team would not work in the soil at the site, despite

grading beforehand. Table 1 contains the amounts, ar
eas seeded, and application rates. Compressor station 
staff rolled this portion of the site immediately after 
sowing to minimize seeds' blowing away and to ensure 
seed-soil contact. (Rolling involves pulling a water- 
filled cylinder behind a tractor; the weight of the cylin
der pushes the seed into the soil.) About one week later, 
the team mulched the hand-sown seed with three-year- 
old native hay from the Attwater Prairie Chicken Na
tional Wildlife Refuge, about 15 miles from the 
compressor station. A straw blower provided by the
U.S. Fish and Wildlife Service chopped the hay and 
shot it evenly onto the planting site.

In addition, on 21 March 1996 on 0.5 ha (1.3 acres) of 
the site the team used the straw blower to spread Little 
Bluestem {Schizachyrium scoparium) seed hay harvested 
from the International Paper Farms of Texas in Bra
zoria County. Use of seed hay appears to be a promis
ing strategy, as the hay not only contains seeds but also 
provides its own mulch, thus better retaining soil mois
ture. The team also rolled this portion of the site imme
diately after spreading the hay.

Because of the drought. Compressor Station staff 
initially irrigated the site, but subsequently the Seed- 
bank team just let nature take its course. Despite the 
irrigation, drought appeared to compromise initial ger
mination of the experimental plantings.

17 July 1996 site visit:
Bahiagrass had germinated and once again domi

nated the bulk of the site, despite the pre-planting 
herbicide treatment. Some of the sown native grass 
seed likely had germinated; however, with the excep
tion of one swath of Longspike Tridens, the Seedbank 
team could not confirm this because it is extremely 
difficult to identify many of the grasses before they 
mature. The Seedbank team mowed the entire site with 
the blade set high (15 cm [6 in]) to knock back the 
Bahiagrass and then let nature take its course.

12 September 1996 site visit:
Room for optimism. Small amounts of Florida
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Paspalum, Longspike Tridens, Big Bluestem, and Pan 
American Balsamscale had matured and gone to seed. 
In addition some Brownseed Paspalum {Paspalum pli- 
catulum) appeared: this is a desirable native species that 
was not among the species knowingly planted by the 
Seedbank Project, however propagules may have been 
in the seed hay. The Switchgrass apparently had not 
germinated, nor had the Little Bluestem seed hay.

20 November 1996 site visit:
The most positive results yet. Little Bluestem seed 

hay had finally germinated and in good numbers. 
Switchgrass made its first appearance, thus all five 
planted species were present and had gone to seed. 
Longspike Tridens was still in high abundance in its 
row, and there were several patches of Big Bluestem 
that had not set seed. Because these two species, espe
cially the Tridens, outcompeteted the non-native spe
cies, they may have enhanced potential for use on 
rights-of-way. There were still large numbers of unde
sirable grasses such as Bahiagrass, crabgrass, and a 
large patch of King Ranch Bluestem in the northeast 
comer of plot (the compressor station turf, where this 
species is present, is likely the source). Most of the seed 
of the desired species had already dispersed, providing 
a source for further germination. In addition, the team 
also collected some of the small amount of seed that 
had not yet dropped, as well as seed of a mix of species 
from a site within a mile of the Compressor Station. The 
Seedbank Project can use these at the experimental plot 
at the compressor station should supplemental plant
ings be needed, or at other revegetation sites in south
east Texas.

Activities planned for 1997 at the El Paso Energy 
Site
El Paso Energy management approved plans for a pre
scribed burn in early 1997 of the experimental plots in 
the compressor station. Such bums simulate conditions 
in which the native species grow best (i.e., natural 
wildfires): their deeper roots will allow survival prefer
entially over the non-native species, which generally 
have shallower roots and are thus less fire resistant. 
Furthermore, Texas Natural Resource Conservation 
Commission (1996) regulations authorize "prescribed 
burning [without an air emissions permit] for ... range 
and wildland/wildlifemanagementpurposes." Unfor
tunately, wet weather and unfavorable winds pre
vented the Seedbank team from conducting the bum. 
Plans now are to mow the site, determine the need for 
spot-application of herbicide (Roundup^ “) to eliminate 
undesirable species, monitor and assess results, and 
hope that conditions in early 1998 are favorable for a 
prescribed bum. From a community relations perspec
tive, plans are to erect a sign to generate public aware
ness of El Paso Energy's cooperative effort with the 
Seedbank Project.

Will landowners be receptive to planting native 
grasses on pipeline rights-of-way?
Initially, El Paso Energy considered finding a site on 
one of its pipeline corridors. However, El Paso Energy, 
like most pipeline companies, does not own most of its 
rights-of-way — in fact it is held as easement. Standard 
right-of-way agreements with landowners prohibit 
erecting structures and deep plowing and digging over 
the pipeline; also, the pipeline company will cut any 
tall trees over the pipe (so the roots don't damage the 
pipe coatings). Beyond this, a pipeline company gener
ally carmot control what the landowner does. Much of 
the right-of-way in Texas is in agriculture, and land- 
owners growing a cash crop likely would be hesitant to 
let a swath of native grasses cross their property and 
disrupt their operations. Thus, pipeline companies 
must develop economically viable strategies in order to 
obtain permission to plant native grasses from owners 
of inactive cropland, pasture, hay fields, or non-agri- 
cultural land. The authors are optimistic that the lower 
cost of managing native grasses versus non-native spe
cies (Campbell 1996) will be a persuasive argument.

OTHER SEEDBANK ACTIVITIES

Harris County Flood Control District project at 
Sims Bayou (Koros 1996)
In early 1994 the Sims Bayou Coalition requested the 
U.S. Army Corps of Engineers (COE) to investigate the 
use of native grasses to revegetate the banks of Sims 
Bayou in an urban area on the south side of Houston. 
COE had proposed using entirely Bermudagrass 
{Cynodon dactylon). The need for native grass seed for 
this project played a major role in bringing about the 
formation of the Seedbank Project.

COE initially expressed concern that the grasses 
might impede water flow. However, a demonstration 
in 1995 using plantings of mature native grass species 
confirmed to the satisfaction of the COE that these 
species caused no significant hydrology problems. The 
American Society of Landscape Architects and the 
Sims Bayou Coalition had purchased the mature plants 
and donated them to the Harris County Flood Control 
District in order to eliminate waiting for the grass to 
grow from seed, thereby obtaining quick results. The 
species used in this demonstration project were: Mason 
Sandhill Lovegrass {Eragrostis 'Mason Sandhill'), Canada 
Wildrye {Elymus canadensis var. canadensis), Eastern Gam- 
magrass {Tripsacum dactyloides), Gulf Muhly {Muhlen- 
bergia capillaris), Alamo Switchgrass {Panicum virgatum 
'Alamo'), Knotroot Bristlegrass {Setaria geniculata), 
Prairie cordgrass {Spartina pectinata), Little Bluestem, 
and Indiangrass {Sorghastrum nutans).

These first plantings along Sims Bayou also demon
strated the need for more intensive control of non-native 
species which aggressively competed with the native 
grasses. As a result, the subsequent stages of this project



88 R.A. Honig and G.D. Wieland

evaluated site preparation techniques, specifically so- 
larization, which entails covering the site with clear 
plastic so that solar radiation generates elevated soil 
temperatures. The initial solarization in winter 1995-96 
was somewhat effective: raised temperatures stimu
lated early germination of seeds in the soil; this was 
followed by application of glyphosate herbicide in 
hopes of depleting the seed bank of noxious species in 
the soil, however the residual seed bank still produced 
an overly competitive non-native crop. In contrast, 
summer solarization, with sustained soil temperatures 
of up to 65°C (150°F), was extremely effective without 
herbicide, killing even Johnsongrass {Sorghum 
halepense) rhizomes. Annual Sunflower (Helianthus an- 
nuus), non-native Morning Glory {Ipomoea sp.), and 
Snout Bean {Rhynchosia sp.). In addition, a portion of 
the seeds used at Sims Bayou were greenhouse-germi
nated and planted as plugs; the success of these plant
ings demonstrates that using plugs can be very 
effective, although probably not cost-effective on a 
large scale. As of early 1997, monoculture strips of Big 
Bluestem, Silver Bluestem {Bothriochloa saccharoides), 
Pan American Balsamscale, Gulf Muhly, Switchgrass, 
Florida Paspalum, and Longspike Tridens are thriving 
on the banks of Sims Bayou.

Houston Lighting & Power Company efforts 
(Baker 1996)
Houston Lighting & Power Company (HL&P) became 
involved in the Seedbank Project in autumn 1995. 
HL&P's initial effort in February 1996 involved appli
cation of 1000 bales of prairie seed hay to a disked 8 ha 
(20 acre) site at its South Texas Nuclear Project in 
Matagorda County. This hay came from International 
Paper Farms of Texas in Brazoria County, the same 
source as the seed hay used at the El Paso Energy site. 
Also cooperating were the U.S. Eish and Wildlife Serv
ice — which provided the straw blower to mulch and 
spread the hay prior to application — and the Sam 
Houston Resource Conservation District. The five ma
jor species anticipated — Little Bluestem, Big Bluestem, 
Indiangrass, Eastern Gammagrass, and Longspike Tri
dens — have germinated along with other native spe
cies. HL&P anticipates it will be approximately five 
years before the site matures.

In addition to that site, HL&P set aside 40 ha 
(100 acres) of transmission line right-of-way in Galveston 
County, Texas, for harvest of both Big Bluestem and Little 
Bluestem seed, and to provide propagation sites for select 
species of interest. HL&P is in the process of identifying 
additional acreage for similar projects.

Seed viability testing at Mercer Arboretum and 
Botanic Gardens
If seeds are going to be stored and subsequently used 
for various projects, certain question must be an
swered. Are the collected seeds viable and what per
cent will germinate? Can the seeds tolerate standard

long-term storage techniques in which they are dried 
and frozen (e.g., rice, which is a grass, cannot tolerate 
this treatment)? Do the seeds have an innate dor
mancy? If so how can this dormancy be broken? Know
ing the germination requirements is important 
information that will assist anyone who intends to plant 
seeds and manage planting sites. Mercer Arboretum and 
Botanic Gardens, with its established seed storage and 
testing facilities, has initiated tests on some of the seed 
lots collected for the Seedbank in order to answer these 
questions. Mercer Arboretum and Botanic Gardens 
also is displaying specimens to increase public aware
ness of the beauty and utility of these grasses.

CONCLUSIONS

1. Native grasses have high potential for use on rights- 
of-way because of their deep root systems that pro
mote erosion control and their adaptation to local 
conditions — especially drought — that will reduce 
maintenance efforts.

2. The efforts of Houston Region Native Grass Seed- 
bank promote the use and appreciation of native 
prairie grasses and will lead to the conservation of 
this important component of Texas's heritage. Thus 
prairies will be available for the enjoyment and utili
zation of future generations.

3. Pipeline, electric, railroad, and highway rights-of- 
way can play an important role as seedbanks for 
native plant species. Right-of-way managers have 
opportunities to partner with the public sector and 
even help initiate seed bank efforts in numerous 
habitats. El Paso Energy's work with the Houston 
Region Native Grass Seedbank Project is an example 
of such a partnership.

4. Experimental plantings at the El Paso Energy com
pressor station in Wharton County, Texas, show 
promise that a southeast Texas site dominated by 
non-native grasses can be restored to one dominated 
by native species.

5. Longspike Tridens and Big Bluestem outcompeteted 
the non-native species, indicating enhanced poten
tial for use in competitive situations.

6. Right-of-way managers must work cooperatively 
with landowners to develop economically viable 
strategies in order to obtain permission to plant na
tive grasses from owners of inactive cropland, pas
ture, hay fields, or non-agricultural land.
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Integrating Greenstripping into 
Right-Of-Way Vegetation Management

John C. Hogenbirk

Greenstripping is the use of less-flammable plants to reduce fire hazard. Greenstripping has been 
used in the Intermountain region of the United States to reduce fire frequency and preserve plant 
diversity and shrub cover. Personnel in the Department of Biology at Laurentian University have 
investigated the feasibility of using greenstripping to reduce spring fires along railway right-of- 
ways in Ontario. Greenstripping has the potential to be less costly than current methods of fire 
prevention and control as well as the potential to be more effective, longer lasting and less 
damaging to the environment. Results could be applicable across North America and could help 
solve other vegetation management problems along right-of-ways. For example, greenstripping 
plants must persist for 10 years or more, and keep out highly flammable plants. Thus, it may be 
possible to use greenstripping to reduce tree invasion on right-of-ways. This could reduce herbicide 
use, brushing, and associated expenses. More than 250 species were evaluated for their ability to 
reduce fire hazard or tree invasion. Four forbs and over 25 shrubs are recommended for testing. A 
second group of approximately 30 species (forbs, grasses, ferns and shrubs) is recommended with 
some reservations. Planned experiments will investigate the efficacy of selected forbs and low- 
growing shrubs to reduce fke hazard and tree invasion along right-of-ways. Costs will be measured 
to permit comparison with other vegetation management methods.

Keywords: Integrated vegetation management, fire hazard, tree invasion, greenstripping, boreal, 
mixedwoods, Ontario

INTRODUCTION

Greenstripping is the strategic sowing or planting of 
less-flammable plants to reduce fire hazard. Green
stripping has been used in Idaho to reduce fire fre
quency and help preserve plant diversity and shrub 
cover (Pellant 1990, 1994). To be effective, greenstrip
ping plants must persist at the site for 5-10 years or 
more and keep out highly flammable plants and other 
undesirable species. Thus, it may be possible to use 
greenstripping to reduce tree invasion on right-of- 
ways and thus reduce herbicide use, brushing, and 
associated expenses.

Greenstripping could be integrated into existing 
vegetation management through the creation of stable 
vegetation communities (e.g., Niering and Egler 1955; 
Niering and Goodwin 1974; Bramble and Byrnes 1983; 
Niering, Dreyer, Egler, and Anderson 1986; Bramble, 
Byrnes, and Hutnik 1990, Bramble, Byrnes, Hutnik, 
and Liscinsky 1991). Stable vegetation communities

show little change in plant species composition and 
abundance over time compared to other communities 
in which herbaceous plants are rapidly replaced by 
shrubs and then by trees in a typical successional se
quence (e.g., Luken 1990).

Stable shrub communities and to a lesser extent sta
ble herbaceous communities are capable of reducing 
tree invasion and growth (Niering, Dreyer, Egler and 
Anderson 1986; Bramble, Byrnes, and Hutnik 1990, 
Bramble, Byrnes, Hutnik, and Liscinsky 1991; Hill, 
Canham, and Wood 1995). The completeness and in
tegrity of plant cover are important, but eventually 
stable communities will be invaded by undesirable 
species. Shading from adjacent trees, aging of the com
munity, influx of seeds and suckers can allow undesir
able species to invade (Dreyer and Niering 1986). 
Greenstripping has potential as one of several methods 
able to delay tree invasion by influencing colonization, 
species performance and disturbance regime (sensu 
Luken 1990).



92 J.C. Hogenbirk

The first objective of this paper is to briefly describe 
the railway fire regime and methods used by the 
Greenstripping Project to evaluate plant species for 
their potential to reduce fire hazard. The second objec
tive is to describe methods to obtain information on 
species's ability to resist tree invasion. The third objec
tive is to integrate this information to provide a final 
listing of recommended species.

RAILWAY FIRES

Peak season for Ontario railway fires is in the spring, 
soon after snowmelt (Martell, Otukol, and Stocks 1987; 
Ontario Ministry of Natural Resources (OMNR) fire 
records). In contrast, July has the most person-caused 
fires (excluding railway fires) and lightning fires. Rail
way fires are common after snowmelt because the litter 
dries out and is easily ignited by sparks from passing 
trains.

Major causes for fires on class 1 track in the United 
States and Canada during 1987-1989 were: unknown, 
arson, and engine exhaust (Fitch and Westover 1991). 
OMNR records for the same three years identify brake 
shoe, engine exhaust and unknown as major causes of 
railway fires in Ontario. Major causes of fires on On
tario railways during 1985-1994 included brake shoes, 
engine exhaust, unknown, and rail grinding (OMNR 
fire records).

Prescribed bums along right-of-ways can be an ef
fective method of controlling vegetation (Glover and 
Arner 1995) and reducing fire hazard (Chandler, 
Cheney, Thomas, Trabaud, and Williams 1983). How
ever, many unplanned right-of-way fires in Ontario 
occur at the very start of the natural fire season. From 
an economic perspective, spring fires can be expensive 
because they often occur in remote areas and require 
that fire crews be hired earlier in the season. Reduction 
in the number of uncontrolled railway fires is desirable. 
Thus, the first goal of the Greenstripping Project was to 
evaluate plants for their ability to reduce fire hazard.

EVALUATION METHODS

There are several thousand tree, shrub and herbaceous 
species in eastern North America (Gleason and Cronquist 
1991) and complete autecological or synecological infor
mation is available for only a fraction of the total. There is 
little detailed information on flammability, particularly 
for species native to Ontario. In the first part of this paper 
the focus is on 49 herbaceous and low-growing shrub 
species common to right-of-ways in Ontario to get infor
mation on flammability and other essential charac
teristics (Table 1). Results of field and laboratory 
experiments were used to evaluate species, with detailed 
measurements of up to 15 species. Project personnel 
measured temperature-dependent growth using con-

Table 1. List of characteristics of the ideal greenstripping species 
for fire hazard reduction with emphasis on spring fires. The list 
was developed for right-of-ways in the boreal and mixedwood 
regions of Ontario. Some characteristics would help fulfill other 
vegetation management objectives. List requires modification 

if objective or ecoclimatic region are changed.

In general, greenstripping plants should:
-  reduce the probability of ignition throughout the year
-  reduce the rate of fire spread throughout the year
-  remain dominant at the site for 1 0 + years with no further 

maintenance
-  create no additional environmental or safety hazards

In particular, greenstripping plants should:
-  grow quickly in the sprmg to emerge from and then shade 

the litter
-  maintain high moisture content throughout the growing 

season
-  produce large-diameter stems and leaves
-  produce dense tissues
-  produce small quantities of dead standing crop
-  produce small quantities of litter
-  produce readily decomposed litter
-  have slow drying and fast wetting litter
-  have patchy spatial distribution of dead standing crop and 

litter
-  have high silica-free ash content
-  have low caloric value
-  have small concentration of volatile waxes and oils
-  be either herbaceous or low growing woody pereimials
-  out-compete other local plant species (especially trees, tall 

shrubs and noxious weeds)
-  re-establish dominance after most disturbances
-  be northern North American species, or
-  exotic species, if used, should remain confined to 

greenstripping sites
-  not harm humans and other wildlife, nor attract high 

numbers of wildlife
-  control soil erosion
-  be cost-effective (for chosen management objective, 

implementation and maintenance)

trolled environment chambers and measured growth 
in the field. In addition, project personnel measured 
fuel characteristics and time-to-ignition for plants col
lected during spring, the peak time for railway fires.

Temperature-dependent growth
Greenstripping plants should grow quickly at low soil 
temperatures that occur during spring. Greenstripping 
plants should grow through the litter and then leaf-out 
to shade the litter and reduce fire hazard. In addition, 
greenstripping plants should produce small amounts 
of dead standing crop and litter.

Roots and rhizomes were collected in the spring of 
1993 and 1994 from right-of-ways in the Regional Mu
nicipality of Sudbury, Ontario. Plants were grown in 
controlled environment chambers at the Ontario Insti
tute of Forest Research in Sault Ste. Marie, Ontario.
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Fig. 1. Mean relative growth rate (g g"  ̂day“') (« = 6-12 per harvest) and 95% comparison limits of above ground dry tissue of 
14 herbaceous species grown at 8 °C. Three species, Oryzopsis asperifolia, Achillea millefolium and Lotus comiculatus, were grown for 14 

days in sand in 1993; remaining species were grown for 16 days in peat-vermiculite mixture in 1994.

Three species, Achillea millefolium L., Lotus comiculatus 
L., and Oryzopsis asperifolia Michaux, were grown in 
sand in 1993. The remaining eleven species were grown 
in 1994 in a peat-vermiculite mix (2:1, by volume). 
Species nomenclature from Dore and McNeiU (1980) for 
grasses, Soper and Heimburger (1982) for shrubs and 
Gleason and Cronquist (1991) for other species. All 
plants were watered and fertilized with a hydroponic 
solution (Plant Products 7-11-27 and 15.5-0-0, with 
micronutrients). Plants were grown at 8, 12 and 16°C 
for 21-30 days. Humidity was greater than 65%, with 
15.5 hours of fluorescent lighting (photosynthetically 
active radiation, 235 pmol m~̂  s“\ at 1 m distance from 
lights). Plant height, live and dead dry weights were 
measured for 6-12 plants per harvest. Dry weights for 
all experiments were obtained after 48 hours at 80°C. 
Percent live tissue and relative growth rate (RGR) with 
95% comparison limits were calculated (Venus and 
Causton 1979). Comparison limits are preferred over 
confidence limits when replication is unequal (Sokal 
and Rohlf 1995). Results are summarized by above
ground RGR after 14—16 days at 8°C.

The five species with highest mean aboveground 
RGR after 14-16 days of growth at 8°C were; Poa com- 
pressa L., Achillea millefolium, Anaphalis margaritacea (L.) 
Benth & Hook., Agropyron repens (L.) Beauv. and Phleum 
pratense L. (Fig. 1). Poa compressa and Agropyron repens also 
had increasing percentage live aboveground tissue dur
ing the experiments while Phleum pratense had decreas
ing percentage live tissue (Hogenbirk 1996a). Achillea 
millefolium and Anaphalis margaritacea had consistently 
high percentage live tissue. Unfortunately, both herbs 
are weedy species (Frankton and Mulligan 1987) and 
the grasses are exotic species that pose problems for 
railway vegetation management (Bolster and Landry 
1995).

Field surveys
Potential greenstripping species should be 1-2 m high 
and extend shade over a large area. In addition, potential 
greenstripping species should dominate the area, have 
low amounts of litter and high percentage live tissue.

Quadrats were set up around target plants in May- 
June 1993 at six railway right-of-ways located outside 
of the semi-barren lands in the Regional Municipality 
of Sudbury. Quadrats were monitored each month for 
five consecutive months. Total quadrat biomass and 
litter, height, area, live and dead tissue dry weight were 
measured and percent live tissue, percent shade, and 
area covered per unit biomass were calculated for 41 
plant species. Non-destructive measurements were 
made before harvesting. One quadrat was harvested 
per species per site per date. Statistical analyses were 
not conducted because not all species could be located 
at all sites. Instead, means and standard deviations 
were calculated and biologically significant differences 
were looked for within the limits of the study design.

Twelve of 41 species had greater spring height, high 
area covered per unit mass dry weight and high per
cent shade. Five species. Aster umbellatus L., Hieracium 
floribundum Wimmer and Grab., Melilotus alba L., Rubus 
canadensis L. and Rumex acetosella L., have several desir
able attributes and few undesirable attributes (Hogen
birk 1996a). A number of rapidly growing species, 
predominately grasses (e.g., Agropyron repens, Bromus 
inermis Leysser, and Calamagrostis canadensis (Michaux) 
Beauv.) but including Achillea millefolium and Pteridium 
acjuilinum (L.) Kuhn, are unsuitable as greenstripping 
species because of high potential fire hazard or weedy 
nature or both. Melilotus alba may have potential as a 
starter crop in poor soils while other introduced species 
such as Hieracium floribundum and Rumex acetosella may 
indicate sites of low fire hazard and poor tree growth.
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Flammability testing

Fuel characteristics
There are a number of characteristics related to flam
mability and fire behaviour (e.g., Chandler, Cheney, 
Thomas, Trabaud, and Williams 1983). The relative 
importance of these characteristics in predicting ignita- 
bility is unknown (Hogenbirk and Sarrazin-Delay 
1995). Physical and chemical fuel characteristics were 
measured for live and dead stems of 20 plant species 
and species were ranked by potential ignitability.

Plant samples were collected from the field in June 
1994 and collected in May-June 1995 from plants 
grown in a common garden. Samples were sorted into 
live or dead, stem or leaf tissue, and dried at 80°C for 
48 hours. Physical fuel characteristics (stem dry weight 
and diameter) were measured on up to 25 stems per 
each 1 mm diameter stem class. Species means were 
calculated by multiplying the stem class average by the 
proportion of biomass in that stem class. Chemical fuel 
characteristics (ash, silica-free ash and energy content) 
were measured using standard methods (Allen, Grim- 
shaw, and Rowland 1986; ASTM 1993). Samples were 
ground to pass through a 1 mm mesh. Measurements 
were made on samples from individual stem classes or 
from pooled classes. Plant species were then ranked 
based on these fuel characteristics to estimate potential 
ignitability (Hogenbirk and Sarrazin-Delay 1995).

Anaphalis margaritacea, Trifolium hybridum L. and As- 
ter macrophyllus L. had the lowest mean rank (low igni
tability) for physical and chemical fuel characteristics 
(ranks in Table 2, observed values in Table 3). Poa

compressa, Lotus cornicidatus and Phleum pratense had 
the highest mean rank (high ignitability). Anaphalis 
margaritacea, Aster macrophyllus and Trifolium hybridum 
had the lowest mean rank for the physical fuel charac
teristics. Poa compressa, Lotus cornicidatus, Vida villosa 
Roth, and Galium mollugo L. had the highest mean rank. 
For chemical fuel characteristics, Galium mollugo, 
Anaphalis margaritacea and Trifolium repens L. had the 
lowest mean rank while Phleum pratense, Bromus iner- 
mis and Aster macrophyllus had the highest rank.

Time-to-Ignition
Greenstripping plants should take longer to ignite. 
Time-to-ignition was measured for sixteen plant spe
cies using a modified muffle furnace and data acquisi
tion system (Hogenbirk 1996b). Time-to-ignition was 
regressed against fuel characteristics to determine the 
relative importance of fuel characteristics. Regression 
equations were used to evaluate additional species.

Aster macrophyllus had the longest time-to-ignition 
for dead stems, thus making it the least ignitable of the 
species tested (Table 3). Anaphalis margaritacea and 
Phleum pratense also had relatively long time-to-igni
tion. Vida villosa, Poa compressa and Coronilla varia L. 
had the shortest time-to-ignition. Similar trends were 
observed within individual stem classes (Hogenbirk 
1996b).

Stem density was consistently an important predic
tor of time-to-ignition for dead herbaceous stems (Ho
genbirk 1996a,b). Radius, surface area to volume ratio 
and, to a lesser extent, moisture were the next best 
predictors. Time-to-ignition increased with increasing

Table 2. Mean ranks for herbaceous plant species based physical and chemical fuel characteristics and rank for time-to-ignition are 
given. Species were ranked from 1 to 15 with a rank of 1 given to the species with the fuel characteristics value associated with 
low ignitability. Species nomenclature based on Dore and McNeill (1980) for grasses, Soper and Heimburger (1982) for shrubs and

Gleason and Cronquist (1991) for remaining species.

Species Plant grown 
from root or 
seed

Mean Rank Rank

Physical & 
chemical

Physical
only

Chemical
only

Time-to-
ignition

A gropyron repens (L.) Deauv. Root 11.5 10 11 9
A naphalis m argaritacea  (L.) Benth & Hook. Root 1 2 2 2
A ster m acrophyllus L. Root 3 1 13 1
Brom us inerm is Leysser Root 11.5 7 14 4
Calam agrostis canadensis (Michaux) Beauv. Root 8 9 8 5
C oronilla varia  L. Seed 10 8 12 13
G alium  m ollugo  L. Root 6.5 12.5 1 10
Lotus corn icidatus  L. Seed 14 14 6 12
M edicago sativa  L. Seed 6.5 4.5 10 6
Phleum pratense  L. Root 13 6 15 3
Poa com pressa  L. Root 15 15 9 14.5
Trifolium  hybridum  L. Root 2 3 4.5 8
Trifolium  pratense  L. Seed 5 4.5 7 7
Trifolium  repens L. Root 4 11 3 11
Vicia villosa  Roth. Seed 9 12.5 4.5 14.3
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Table 3. Time-to-ignition and fuel characteristics for dead stems of 15 herbaceous species grown in a common garden in Sudbury, 
Ontario. Physical characteristics and time-to-ignition were measured for 5-15 stems from each 1 mm diameter class and multiplied 
by the proportion of biomass in that stem class to provide species means. Surface area to volume ratio (SA:V) was calculated for 1 cm 

long stems. Chemical characteristics were measured for pooled samples.

Species Time to ignition Physical characteristics Chemical characteristics

Time
(s)

Moisture
(%)

Radius
(cm)

Density
(g/cm)

SA;V
(cm'^)

Ash
(%)

Silica-free Energy 
ash (%) 0 /g)

Agropyron repens (L.) Beauv. 3.0 23.2 0.060 0.262 29.5 4.8 1.5
Anaphalis margaritacea (L.) Benth & Hook. 5.4 23.3 0.082 0.349 24.6 10.7 4.9
Aster macrophyllus L. 9.5 23.1 0.142 0.374 16.4 2.3 2 . 0 19157
Bromus inermis Leysser 4.2 19.8 0.096 0.216 19.9 4.3 1.4 18905
Calamagrostis canadensis (Michaux) Beauv. 4.1 21.5 0.062 0.329 28.7 9.7 2 . 2

Coronilla varia L. 2.3 23.0 0.086 0.165 2 2 . 6 3.5 2.3 19475
Galium mollugo L. 2.9 19.7 0.056 0.354 34.0 9.1 6 . 1 18403
Lotus corniculatus L. 2.4 18.6 0.039 0.358 44.8 5.2 3.1
Medicago sativa L. 3.9 25.2 0.064 0.278 28.9 4.4 2.9 20032
Plileum pratense L. 4.5 2 0 . 8 0.089 0.262 2 2 . 1 2.5 1 . 0 19240
Poa compressa L. 2 . 1 20.9 0.057 0.171 30.1 5.9 1 . 8

Trifolium hybridum L. 3.3 24.7 0.106 0.151 18.8 6.5 4.2
Trifolium pratense L. 3.4 23.0 0.124 0.172 2 2 . 2 4.7 3.6 19624
Trifolium repens L. 2.5 2 2 . 2 0.074 0.197 25.3 8 . 6 5.4 19149
Vida villosa Roth. 2 . 1 2 2 . 8 0.051 0.274 39.7 7.1 4.1

density, radius and moisture, and with decreasing sur
face area to volume ratio. Preliminary analyses suggest 
that chemical characteristics such as total ash, silica-free 
ash and energy content were not important predictors of 
time-to-ignition. It is hypothesized that the evaluation of 
herbaceous stem ignitability can be based on physical fuel 
characteristics derived from stem weight and diameter.

Species with potential to reduce fire hazard
The fire hazard ranking of forty-nine herbaceous and 
low-growing shrub species (Table 4) used all collected 
data. No single species had all the desired charac
teristics. Six species were selected that had one or more 
of the following: high stem density, high percent live 
tissue and good height.

Achillea millefolium, Aster macrophyllus and Aster um- 
bellatus are recommended for use as greenstripping 
species with the following caveats. Achillea millefolium 
may be too weedy (Frankton and Mulligan 1987). Aster 
macrophyllus is best suited to low-growing vegetation 
(<20 cm tall) and may need to be planted with a species 
with high spring growth rate. Aster umbellatus is prob
ably best suited to moist habitats. The presence of these 
species should indicate low fire hazard. The spread of 
these species could be encouraged along right-of-ways, 
although potential conflict with forestry and agricul
ture should be noted.

Two commercially available species. Trifolium 
pratense and T. repens, are recommended with the fol
lowing cautions. Trifolium pratense can have poor per
sistence (Robinson, Clare, and Leahy 1992) and may be

best used as a starter crop. Trifolium pratense can out- 
compete other legumes in mixtures so choice of com
panion species is important. Trifolium repens is best 
suited to low-growing vegetation. Taller varieties of T. 
repens may have potential as greenstripping plants.

Rubus canadensis, smooth blackberry, is recom
mended with one caution. This deciduous shrub has 
high density, good height, high percent live tissue and 
intermediate percent shade which indicate low ignita
bility. Time-to-ignition, however, was not directly 
measured for smooth blackberry and thus its low-igni- 
tability rank is tentative.

Resistance to tree invasion
Published information and consultations with experts 
were used to estimate the potential of over 250 herb 
and shrub species to resist tree invasion. Results from 
Soper and Heimburger (1982) were used to select 
shrubs capable of forming closed stands on mesic to 
xeric habitats. Additional information on all species 
was obtained from autecological summaries (Hardy 
BBT Ltd. 1989; Haeussler, Coates, and Mather 1990; 
Thomas 1990; Buse and Bell 1992; Louter, Kershaw, 
and Gordon 1993; Bentley and Pinto 1994; Arnup, 
Dowsley, Buse, and Bell 1995), numerous scientific ar
ticles (see bibliographies in Abrahamson, Nowak, 
Charlton, and Snyder 1992, and Hogenbirk 1996b) and 
reviews (Suffling 1979; Brown 1989). This information 
was combined with results of the author's experiments 
to select four herbs and over 25 shrubs for the potential 
to reduce fire hazard or tree invasion, or both.
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Table 4. Species evaluated for potential to reduce fire hazard. Low-flammability species indicated by asterisk after name. This list 
should be considered a first approximation for fire hazard reduction in boreal and mixedwood regions of Ontario.

Species Common name Growth form

A chillea m illefolium  L.* yarrow forb
A gropyron repens  (L.) Beauv. quack grass grass
A grostis g igantea  Roth redtop grass
A naphalis m argaritacca  (L.) Benth & Hook. pearly everlasting forb
A ntennaria neglecta  Greene pussy toes forb
A pocynum  androsaem ifolium  L. spreading dogbane forb
A rctoslaphylos uva ursi (L.) Spreng. bearberry shrub
A ster im crophyllus  L.* large-leaved aster forb
A ster w nhellatus  L.* flat top aster forb
Brom us inerm is Leysser smooth brome grass
Calam agrostis canadensis  (Michaux) Beauv. bluejoint grass
C hrysanthem um  leucanthem um  L, oxe eye daisy forb
C lintonia borealis (Ait.) Raf. blue-beard lily forb
C oronilla varia  L. crown vetch legume
D anthonia spicata  (L.) Beauv. poverty oat grass grass
D escham psia flex u osa  (L.) Trin, crinkled hair grass grass
Echium  vulgare  L. blueweed forb
Festuca rubra  L. red fescue grass
Fragaria v irginiana  Duchesne strawberry forb
G alium  m ollugo  L. wild madder forb
Glyceria canadensis (Michaux) Trin. rattlesnake manna grass grass
H ieracium  aurantiacum  L. orange hawkweed forb
H ieracium  floribu n du m  Wimmer & Grab. king devil hawkweed forb
H ieracium  sp. hawkweed forb
Kalm ia angustifolia  L. sheep laurel shrub
Lactuca serriola  L. prickly lettuce forb
Lathyrus maritirnus (L.) Bigelow beach pea legume
Ledum  groen landicum  Oeder Labrador tea shrub
Lolium  perenne  L. perennial ryegrass grass
Lotus cornicu latus L. bird's foot trefoil legume
M aiantliem um  canadense  Desf. Canada mayflower forb
M cdicago sativa  L. alfalfa legume
M elilotus alba  Desr. white sweet clover legume
O ryzopsis asperifo lia  Michaux winter (rice) grass grass
Phleum  pratense  L. timothy grass
Poa com pressa  L. Canada bluegrass grass
Pteridium  aquilinum  (L.) Kuhn. eastern bracken fern fern
Ranunculus acris L. tall buttercup forb
Rubus canadensis L.* smooth blackberry shrub
R w nex acetosella  L. sheep sorrel forb
Solidago idiginosa  Nutt. bog goldenrod forb
Taraxacum  officinale Weber. dandelion forb
Trifolium  hybridum  L. alsike clover legume
Trifolium  pratense  L* red clover legume
Trifolium  repens L.* white clover legume
Vaccinium  angustifo lium  Ait. low sweet blueberry shrub
V erbascum  thapsus L. mullein forb
Veronica  sp. speedwells forb
V id a  cracca  L. cow or tufted vetch legume
V ida villosa  Roth. hairy vetch legume
Viola papilionacea  Pursh. common blue violet forb
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Table 5. Species recommended for potential to reduce tree invasion, or fire hazard, or both. Unknown potential indicated by question 
mark. Tree invasion includes establishment and growth. This list should be considered a first approximation; additional testing

is required.

Species Latin name Common name Resistance to 
tree invasion?

Reduce fire 
hazard?

Comments

Recommended
Forbs Aster macrophyllus L. big-leaved aster Yes Yes

Aster umbellatus Mill. flat topped aster Yes 7

Epilobium angustifolium L. fireweed Yes Yes
Solidago spp. goldenrods Yes 7

Shrubs Amelanchier spp. serviceberries Yes 7

Betula pumila L. dwarf birch Yes 7

Chamaedaphne calyculata (L.) Moench leatherleaf Yes 7

Cornus stolonifera Michx. red osier dogwood Yes 7

Diervilla lonicera Mill. bush honeysuckle Yes? 7

Lonicera spp. honeysuckles Yes 7

Rhus aromatica Ait, fragrant sumach ? 7

Rhus glabra L. smooth sumach ? 7

Rhus typhina L. staghorn sumach Yes 7

Ribes spp. currants Yes 7 Shrub complex
Rosa spp. roses Yes 7 Shrub complex
Rubus canadensis L. blackberry ? Yes?
Rubus hispidus L. swamp dewberry Yes 7

Rubus idaeus L. wild red raspberry Yes 7

Rubus occidentalis L. black raspberry 7 7

Rubus odoratus L. purple-flowering raspberry 7 7

Rubus parviflorus Nutt. thimbleberry Yes 7

Rubus pubescens Raf. dwarf raspberry 7 7

Salix cordata Michx. heart-leaved willow 7 7

Salix exigua Nutt. sandbar willow 7 7

Salix petiolaris J. E. Sm. slender willow Yes 7

Symphoricarpos albus (L.) Blake snowberry Yes? 7

Symphoricarpos occidentalis Hook wolfberry Yes 7

Viburnum lentago L. nannyberry Yes 7

Recommended with reservations
Forbs Achillea millefolium L. common yarrow Poor Yes Weed

Anaphalis margaritacea (L.) Benth & Hook pearly everlasting 7 Yes Weed
Coronilla varia L. crown vetch Yes No fixes nitrogen
Trifolium hybridum L. alsike clover Yes? Variable fixes nitrogen

Trifolium pratense L. red clover Poor Variable fixes nitrogen

Trifolium repens L. white clover Poor Variable fixes nitrogen
Grasses Calamagrostis canadensis (Michaux) Beauv. Canada blue joint Yes No

Dactylis glomerata L. orchard grass Yes No?
Festuca arundinacea Schreber tall fescue Yes No?
Phalaris arundinacea L. reed canary grass Yes No?

Ferns Dennstaedtia punctilobula (Michx.) Moore hayscented fern Yes 7 Frost-killed

Pteridium aquilinum (L.) Kuhn. bracken fern Yes No Frost-killed

Thelypteris noueboracensis (L.) Nieuwl. New York fem Yes 7 Frost-killed

Shrubs Alnus spp. alders Yes? 7 Fixes nitrogen

Arctostaphylos uva-ursi (L.) Spreng. bearberry Yes? 7 Low habit

Comptonia peregrina (L.) Coult. sweet-fem Poor 7 Weed

Corylus spp. hazel(nut) Yes
Elaeagnus commutata Bemh. wolf-willow 7 7 Fixes nitrogen

Juniperus spp. juilipers No

Kalmia spp. laurel Yes No

Ledum groenlandicum Oeder Labrador tea Yes No

Sambucus pubens Michx. red-berried elder Yes? 7

Shepherdia canadensis (L.) Nutt. buffalo berry 7 7 Fixes nitrogen

Svirea spp. meadowsweet 7 7

Thuja occidentalis L. cedar Yes? 7 Needs pruning

Vaccinium spp. blue-, dil-, and cran-berries Yes No

Zanthoxylum americanum Mill. prickly ash Yes 7 Unpalatable
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SPECIES WITH POTENTIAL TO REDUCE FIRE 
HAZARD AND TREE INVASION

Herbaceous Species
Recommended herbaceous species include: Aster macro- 
phyllus, Aster iimbellatus, Epilobium angustifolium L. and 
Solidago spp. (Table 5). Research by Greenstripping 
Project personnel suggested that Aster macrophyllus has 
the potential to reduce fire hazard. Moisture content was 
high throughout the growing season in Minnesota and 
Michigan (Loomis, Roussopoulos, and Blank 1979; 
Loomis and Blank 1980). In forest clearings A. macro
phyllus can form dense patches that pose serious com
petition to tree seedlings (Buse and Bell 1992; Amup, 
Dowsley, Buse, and Bell 1995). The seed is easily col
lected and germinated, and the plant is readily propa
gated from rhizomes. Aster macrophyllus could be used 
in low-growiirg vegetation with other species that have 
rapid spring growth.

The ability of Aster iimbellatus (flat topped aster) to 
reduce fire hazard is unknown but may be unimpor
tant because Aster umbellatus is found in moist areas 
(Gleason and Cronquist 1991) where fire hazard is low. 
Shoot and root washings of Aster umbellatus inhibited 
black cherry {Prunus serotina) germination and seedling 
growth (Horsley 1977). In addition, the height and 
shade cast by Aster umbellatus may reduce tree growth 
in moist areas. Work along right-of-ways in Quebec 
suggest that Aster spp. may reduce tree vitality (Con
sortium F.R.D.F. - Sauger 1992, as cited in Seguin 1995).

Epilobium angustifolium (fireweed) may be able to 
reduce fire hazard and tree invasion. Fireweed had the 
lowest flammability rating of twelve arctic species ex
amined by Sylvester and Wein (1981) with little litter 
accumulation. Fireweed invades after disturbance by 
seed and vegetative spread, reaching peak dominance 
in 3-5 years and declining thereafter, although some 
patches may persist up to 20 years (Haeussler, Coates, 
and Mather 1990). Fireweed competes for water and 
nutrients, and may encourage snow press (Amup, 
Dowsley, Buse, and Bell 1995). Snow press occurs when 
the accumulated snow flattens tree seedlings. The flat
tened seedlings may remain below competing vegetation 
tliereby decreasing growth and increasing susceptibility 
to disease. Snow press can be a major cause of tree 
mortality (Haeussler, Coates, and Mather 1990).

Fireweed, however, may suppress shrub growth 
and thereby allow conifers to dominate in later years 
(Haeussler, Coates, and Mather 1990). Soil tempera
tures at 10 cm depth and light levels (photosyntheti- 
cally active radiation) at soil surface were significantly 
lower in fireweed dominated plots compared to bare 
ground. However, soil temperature and light in fire
weed plots were significantly higher than in Rubus 
sfiectabilis Pursh, Alnus rubra Bong. (Balisky and Burton 
1993) and Calamagrostis canadensis dominated plots 
(Hogg and Lieffers 1991).

Deliberate sowing of easily collected fireweed seed

or planting of pseudorhizomes may be feasible. Plants 
produce attractive purple flowers each year and could 
be used to enhance right-of-way aesthetics. Fireweed 
attracts nectar feeders, provides cover for small ani
mals and may provide food for larger mammals 
(Haeussler, Coates, and Mather 1990). Fireweed has 
good potential to reduce fire hazard and tree invasion 
along right-of-ways.

Solidago spp. may have the potential to reduce tree 
invasion (Consortium F.R.D.F. — Sauger 1992, as cited 
in Seguin 1995). Solidago canadensis L. can form colonies 
and may inhibit tree seed germination through al
lelopathy (Louter, Kershaw, and Gordon 1993). Solidago 
rugosa Miller and S. graminifolia {Euthamiagraminifolia (L.) 
Nutt.) are considered highly resistant to tree Invasion 
along right-of-ways in north central United States 
(Bramble, Byrnes and Hutnik 1990). Flammability of 
Solidago spp. is unknown.

Shrub species
Recommended shrub species include: Amelanchier 
spp., Betula pumila L., Chamaedaphne calyculata (L.) 
Moench, Cornus stolonifera Michx., Diervilla lonicera 
Mill., Lonicera spp., Rhus spp., Ribes spp., Rosa spp., 
Rubus spp., Salix spp., Symphoricarpos spp., and Vibur
num spp. Several shrubs provide cover or fruit that 
attracts humans and wildlife and thus may be unsuit
able for transportation right-of-ways.

Amelanchier spp., Betula pumila, Chamaedaphne calycu
lata, Diervilla lonicera, and Lonicera spp., are low-growing, 
thicket forming shrubs (Soper and Heimburger 1982) 
with the ability to reduce tree invasion (Amup, Dowsley, 
Buse, and Bell 1995). Allelopathy is suspected for 
Chamaedaphne calyculata and Lonicera villosa (Michx.) R. & 
S. (Arnup, Dowsley, Buse, and Bell 1995).

Comus oblique Raf. (sdky dogwood), C. racemosa Lam. 
(gray dogwood), C. rugosa Lam. (round-leaved dog
wood) and C. stolonifera (red osier dogwood), are low- 
growing, thicket forming shmbs (Soper and Heimburger 
1982) that are major competitors of tree seedlings and can 
resist tree invasion (Meilleur, Veronneau, and Bouchard 
1994; Berkowitz and Canham 1995; Canham, Hill, Berk- 
owitz, and Ostfeld 1995; HUl, Canham, and Wood 1995). 
Red osier dogwood was recommended by Thomas (1990) 
as a weed-resistant ground cover. Red osier dogwood 
has been propagated by layering and rooted cuttings in 
experimental studies along Quebec right-of-ways 
(Meilleur, Veronneau, and Bouchard 1992, as cited in 
Seguin 1995). Red osier dogwood is perhaps the most 
widespread in geography and habitat and is strongly 
recommended for testing.

Rhus aromatica Ait. (fragrant sumach), R. glabra L. 
(smooth sumach) and R. typhina L. (staghorn sumach) 
are low to tall growing, thicket-forming shrubs (Soper 
and Heimburger 1982). Staghorn sumach has some 
potential to reduce tree invasion (Werner and Harbeck 
1982; Meilleur, Veronneau, and Bouchard 1994). 
Propagation by cuttings may be poor on sandy soils
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(Meilleur, Veronneau, and Bouchard 1992, as cited in 
Seguin 1995). In contrast, Petranka and McPherson 
(1979) found that R. copallina Engler (dwarf sumach) 
increased tree invasion and thus ranked last out of 177 
species in ability to inhibit tree growth (Brown 1989).

Ribes spp. (currants and gooseberries) and Rosa spp. 
(roses) are low-growing shrubs (Soper and Heimbur- 
ger 1982) that, as part of a shrub complex in British 
Columbia, can shade out young conifers (Haeussler, 
Coates, and Mather 1990). Some Ribes species serve as 
alternative hosts of white pine blister rust (Amup, 
Dowsley, Buse, and Bell 1995). Some Rosa species may 
be allelopathic (Haeussler, Coates, and Mather 1990). 
Rosa acicularis Lindl. (prickly wild rose) and R. woodsii 
Lindl. (common wild rose, woods rose) are used in recla
mation (Hardy BBT Ltd. 1989). Rosa woodsii and other 
species (some not native to Canada) were recommended 
by Thomas (1990) as weed-resistant ground cover.

There are several species of Rubus that have the 
potential to reduce tree invasion although the evidence 
is variable (Shribbs and Skroach 1986; Bramble, Byrnes, 
and Hutnik 1990; Meilleur, Verormeau, and Bouchard 
1994). Rubus allegheniensis Porter was recommended by 
Suffling (1979). Canham, Hill, Berkowitz, and Ostfeld 
(1995) found that R. allegheniensis had very high resis
tance to tree invasion in New York state. In contrast. 
Bramble, Byrnes, and Hutnik (1990) and Meilleur, 
Veronneau, and Bouchard (1994) found that it did not 
reduce tree invasion along right-of-ways in north cen
tral United States and Quebec, respectively.

Rubus canadensis (smooth blackberry) has the poten
tial to reduce fire hazard based on high stem density, 
dominance, dense shade and little litter (Hogenbirk 
1996a). Rubus canadensis may be well-adapted to open 
right-of-ways and testing is strongly recommended.

Rubus flagellaris Willd. (northern dewberry) is a 
prostrate shrub of dry areas (Soper and Heimburger 
1982). In communities with Solidago spp. (primarily 
Solidago rugosa), Rubus flagellaris was found to have 
very high resistance to red maple invasion but very low 
resistance to white ash invasion and very low overall 
resistance to tree invasion (Canham, Hill, Berkowitz, 
and Ostfeld 1995).

Rubus hispidus L. (swamp dewberry) is a low-grow
ing, trailing shrub of wet areas (Soper and Heimburger 
1982). Dense patches of Rubus hispidus are highly resis
tant to tree invasion (Bramble, Byrnes, and Hutnik 
1990). Scattered shrubs, however, are often surrounded 
by vegetation with low resistance (Bramble, Byrnes, 
and Hutnik 1990). The use of a compatible herbaceous 
greenstripping species might improve overall resis
tance in scattered shrublands.

Rubus idaeus L. (wild red raspberry) is a low-grow
ing thicket-forming shrub (Soper and Heimburger 
1982) capable of rapid growth (Hardy BBT Ltd. 1989) 
and is a major competitor of tree seedlings (Amup, 
Dowsley, Buse and Bell 1995; Lautenschlager 1995). 
Rubus idaeus was ranked 35 out of 177 in its ability to

interfere with tree growth (Brown 1989). Data from 
Quebec suggest that it reduces tree invasion (Meilleur, 
Veronneau, and Bouchard 1994) although Ruel (1992) 
found that balsam fir growth was only slightly reduced. 
Rubus idaeus is common to northern Ontario railways 
(Bolster and Landry 1995). Rubus idaeus is well suited for 
right-of-ways and testing is highly recommended.

Rubus occidentalis L. and R. odoratus L. have the po
tential to dominate an area and are common in south
ern Ontario (Soper and Heimburger 1982). Rubus 
parviflorus Nutt, can form thickets and is an important 
competitor in BC (Haeussler, Coates, and Mather 
1990), but in Ontario it is restricted to the shores of Lake 
Superior (Soper and Heimburger 1982). Rubus odoratus 
and R. parviflorus were recommended by Thomas 
(1990) for ground cover. Rubus pubescens Raf. is a low- 
growing, trailing shrub that is widely distributed in 
Ontario (Soper and Heimburger 1982). The ability of 
these species to reduce tree invasion and fire hazard 
must be determined.

Salix spp. (willows), are low to tall shrubs common 
to areas with high water tables m the spring but occa
sionally foimd on drier sites (Soper and Heimburger 
1982). Some species have the potential to compete with 
tree seedlings and damage tree seedlings through snow 
press or by providing cover for herbivores (Louter, Ker
shaw, and Gordon 1993). Conversely, some willows 
serve as nurse crops for shade-tolerant conifers (Louter, 
Kershaw, and Gordon 1993). Many wiUow species are 
used in reclamation (Hardy BBT Ltd. 1989).

Salix cordata Michx. (heart-leaved willow) and S. exigua 
Nutt, (sandbar wiUow) are low-growing, thicket-forming 
shrubs common to riverbanks (Soper and Heimburger 
1982). Salix petiolaris J. E. Sm. (slender willow) is a low 
to medium shrub that has some potential to reduce tree 
invasion (MeiUeur, Veronneau, and Bouchard 1994). 
Salix petiolaris responded poorly to layering and cutting 
back (but note that few test species responded well to 
cutting back, Meilleur, Veronneau, and Bouchard 1994). 
Very little is known about ability to reduce fire hazard. 
The rapid growth of many willow species and their abil
ity to form dense colonies strongly suggest that selected 
species be investigated for use in greenstripping.

Symphoricarpos albus (L.) Blake (snowberry) and S. 
occidentalis Hook, (wolfberry), are low-growing, 
thicket-forming shrubs (Soper and Heimburger 1982). 
There are concerns about snowberry even though it 
was recommended as ground cover by Thomas (1990). 
Its canopy may be too sparse to shade out tree seed
lings and allelopathy has been demonstrated in the lab 
but not in the field (Haeussler, Coates, and Mather 
1990). Wolfberry is strongly competitive with grasses 
and is used in reclamation (Hardy BBT Ltd. 1989). Both 
snowberry and wolfberry are well-suited to right-of- 
ways and testing is recommended.

Viburnum lentago L. (narmyberry) is a tall, thicket
forming shrub (Soper and Heimburger 1982). One 
thicket has resisted tree invasion for over 55 years
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(Niering, Dreyer, Egler, and Anderson 1986). Meilleur, 
Veronneau and Bouchard (1994) were unable to evaluate 
its potential to reduce tree invasion along Quebec right- 
of-ways. Other Viburnum species are capable of forming 
stable thickets but flammability is largely unknown.

Flammable shrub species with good potential to re
duce tree invasion include: funiperus spp., Kalmia spp., 
Ledum groenlandicum Oeder and Vaccinium spp. There 
is good evidence that these species are flammable. For 
example, Kalmia spp., and Ledum spp. Vaccinium spp. 
are readily burnt every 2-3 years in blueberry fields 
(Hall, Jackson, and Everett 1973). There is also good 
evidence that these shrubs can reduce tree invasion 
although performance is variable (Bramble, Byrnes, 
and Hutnik 1990; Berkowitz and Canham 1995; Can- 
ham, Hill, Berkowitz, and Ostfield 1995; Hill, Canham, 
and Wood 1995; Mallik 1993; Meilleur, Veronneau, and 
Bouchard 1994; Pound and Egler 1953). The use of 
these shrubs should be restricted to sites with low fire 
hazard or low value.

Not all species within a recommended genus will 
prove equally effective in greenstripping. This argues 
for field testing of potential species and greater knowl
edge of plant species identification and ecology by the 
vegetation manager and right-of-way worker. There 
are trade-offs for both herb and shrub species in the 
ability to reduce tree invasion and the ability to reduce 
fire hazard. One of these two requirements may have 
to be relaxed for a given site, or combinations of species 
may need to be used. For example, a herbaceous spe
cies capable of reducing fire hazard may need to be 
planted with a highly flammable shrub species that is 
very resistant to tree invasion.

CONCLUSIONS

Research suggests that greenstripping has potential as 
a vegetation management method along right-of-ways at 
high fire hazard or high value areas. A review of the 
literature suggests that greenstripping has the additional 
potential to reduce tree invasion and thus reduce inten
sity of hand cutting and herbicide application. Methods 
to create stable herbaceous and low shrub coimnunities 
are being developed throughout North America. Green
stripping is a variant of these methods in that green
stripping also requires plants to reduce fire hazard.

Greenstripping can be the preferred management 
option in the absence of fire for financial, environ
mental and social reasons including public pressure to 
reduce herbicide use. Greenstripping may also im
prove aesthetics, control erosion and maintain biodi
versity (through protection of disturbance-sensitive 
species). Greenstripping can be the preferred option if 
it can extend the treatment cycle, reduce treatment 
intensity and thereby reduce hand cutting costs or re
duce herbicide use in sensitive natural areas or urban 
centers.

These conclusions are tentative because there are 
several gaps in knowledge about greenstripping and 
gaps in the application of this knowledge. The Green
stripping Project at Laurentian University is continuing 
its research program. Field experiments are planned to 
test the efficacy of greenstripping species to reduce igni
tion, fire spread, tree establishment and growth. In addi
tion, the Greenstripping Project is proposing to 
investigate site preparation, establishment and mainte
nance methods, as well as horticultural (propagation) 
methods to increase the cover of greenstripping shrubs 
on the right-of-way. The Project proposes to estimate 
costs to permit comparison with other vegetation man
agement methods. Greenstripping has the potential to 
reduce fire hazard and tree invasion. The effectiveness 
and cost of greenstripping need to be determined by 
scientific experiments.
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A History of Utility Transmission 
Right-Of-Way Management in New York State

Lawrence W. Jackson

A chronological history of electric industry developments and regulatory milestones leads into a 
comprehensive coverage of today's concept of integrated vegetation management. Relevant legis
lation is discussed along with environmental considerations related to the various maintenance 
techniques. Herbicide use has declined since systemwide plans were adopted in 1982 and the 
techniques have become progressively more selective. This select approach has resulted in a more 
diverse vegetation cover, following the second treatment, which has improved wildlife habitat, 
minimized erosion, improved scenic quality and improved reliability. Treatment costs per acre, 
except for mechanical, have declined since 1982. The immediate future poses some relief from 
reporting requirements but no major change in the current regulatory-uhlity relationship is 
envisioned.

Keywords: New York State, right-of-way management, regulations, related agencies and laws, 
management techniques, treatment costs, herbicide use

RELEVANT INDUSTRIAL AND REGULATORY 
MILESTONES

Evolution of electric transmission right-of-way man
agement in New York can be divided into three distinct 
periods (see below).

Pre-regulation (before 1971)
The first transmission line on record was built in 1896 
and extended 26 miles from Niagara Falls to Buffalo. 
Line construction proliferated after World War II, re
sulting in more structured maintenance (see Table 1).

During this period, lines and ROW were maintained 
by line crews working out of operations offices. Engi
neers supervised these crews, and no natural resource 
specialists were hired until 1961. Seven investor- 
owned utilities plus the New York Power Authority 
(NYPA) emerged with four companies, Niagara Mo
hawk Power Corporation (NMPC), New York State 
Electric and Gas Corporation (NYSEG), Orange and 
Rockland Utilities, Inc. (O&R) and Rochester Gas & 
Electric Corporation (RG&E) resulting from consolida
tion of smaller companies.

In 1971 the Office of Environmental Planning was 
created within the New York State Department of Pub
lic Service to administer Article VII rules (one stop

shopping) for construction of electric and gas transmis
sion lines.

Transition (1971-1982)
The new Office of Environmental Plarming found a 
variety of approaches to management among existing 
companies. The larger franchises, NYSEG and NMPC, 
were relying heavily on helicopter spraying to main
tain ROW while smaller companies used hand cutting 
or ground foliar treatments and NYPA used the hydro 
axe extensively. Recognition that comprehensive plan
ning for maintenance was needed culminated in: (1) a 
policy statement and order for utilities to provide noti
fication to the Departments of Environmental Conser
vation (DEC) and Health (DOH) regarding herbicide 
use and develop an internal training program for appli
cators (Opinion and Order 80-15 issued April 1980) and 
(2) new rules. Part 84 of the Public Service Law, for 
administering herbicides aerially and requirements for 
preparing systemwide ROW management plans and 
reporting armually on last year's treatments and the 
coming year's scheduled treatments (Opinion and Or
der 80-40 issued December 1980). In the two years 
following the latter Order, all investor-owned utilities 
prepared and submitted systemwide plans for review 
and approval by the Commission.
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Table 1. Electric utility milestones in New York State

Year and Activity

Utility Current
company
formed

1 st trans.
line
built

Voltage/
length
(miles)

1 st line
dept.
formed

1st ROW 1st year of 
maint. chemical 
mrit use

1st Prof.
ROW
manager

ROW under
comprehensive
plan

Entire ROW 
system brought 
under the plan

Central Hudson 1920s N.D.i N.D. 1924 N.D. 1950s 1961 1979 1981

Consolidated Edison 1882 1932 138 kV 
62

1956 1960 1960s 1972 1975 1980

Long Island 
Lighting Co.

1910 1928 6 6  kV 
N.D.

N.D. 1960 1962 1990 1981 N.D.

New York Power 
Authority

1930s 1950s 345 kV 
N.D.

late
1950s

N.D. N.D. 1978 1981 1986-87

New York State 
Electric & Gas 
Corp.^

1929 circa
1920s

N.D.
N.D.

1929 N.D. late
1940s

1970 late
1970s

1988

Niagara Mohawk 
Power Corp.^

1950 1896 N.D.
26

1950 1950s 1950 1962 1978 1985

Orange & Rockland 
Utilities, Inc.^

1958 1913 34.5 kV 
8

1913 1950s 1950 1968 1970 N.D.

Rochester Gas & 
Electric Corp.^

1904 1921 34.5 kV 
25

1904 1921 1950 1982 1978 1982

' N.D. = No data.
 ̂Predecessor companies date back to 1800s.

Regulation (1983-present)
Since 1983, all investor-owned companies have filed 

annual reports of the previous year's treatment results 
and current year treatment schedules. All company 
transmission ROW are now managed under an ap
proved systemwide plan. Treatment cycles vary from 3 
to 8 years within companies with at least two cyclical 
treatments having occurred under systemwide plans.

PUBLIC SERVICE COMMISSION ROLE IN 
MANAGEM ENT

The staff of the Public Service Commission (staff) be
came involved in reviewing management practices of 
electric utilities in the early 1970s when the Office of 
Environmental Planning was established. The impetus 
was the infamous "Northeast Blackout" of 9 November 
1965. To cut costs and save money, utilities had de
ferred maintaining rights-of-way (ROW). In response 
to massive public outcry, a major emergency effort was 
undertaken to control vegetation. Staff investigated the 
cause of this outage and explored mechanisms to pre
vent a recurrence. In response, the utilities instituted a 
massive program to control all brush (woody vegeta
tion) on their ROW. Documentation by staff through 
the mid-1970s revealed that electric utilities in general

were underestimating the importance of ROW mainte
nance. When budget shortfalls occurred or upper man
agement felt cost-cutting was necessary, maintenance 
was one of the first items reduced. Maintenance budg
ets increased only after major outages. The two main 
methods used to control ROW vegetation were brush
hogging or broadcast aerial spraying. The first resulted 
in a clear-cut with extensive tree regrowth and was 
becoming increasingly costly. The second method was 
very effective in controlling woody growth but opened 
up the ROW to woody plant reinvasion and frequently 
resulted in off-site damage to native plants and crops.

A three-pronged approach was established to 
counter these problems. First, all utilities were required 
to institute a procedure for notifying DEC and DOH 
regarding protection of sensitive areas (e.g., residential 
and recreational areas, crops, water bodies, and potable 
water supplies) from herbicide contamination. A second 
requirement was a training program for all herbicide 
applicators. Thirdly, the Commission set forth rules 
requiring each utility to: submit annually for review 
and approval all targeted aerial spray sites; provide a 
comprehensive long range systemwide ROW manage
ment plan for Commission approval; and report annu
ally the previous year's treatment results along with 
plans for the current year (Opinion and Order 80-40). 
These required plans, with periodic updating and special
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provisions for the Adirondack Park, remain today. 
Staff annually reviews submitted plans to determine 
compliance with their stated objectives, conducts field 
reviews with company representatives and files an end 
of year report.

ENVIRONMENTAL CONSIDERATIONS IN 
MANAGEMENT

While environmental mitigation is addressed during 
the siting and construction stage, environmental con
siderations continue throughout the life of each facility. 
Experience has shown, particularly in agricultural areas 
and wetlands, that employment of carefully selected 
and applied mitigation techniques reduce the extent 
and duration of impacts (Macks, Morrell, and Strub 
1997). Ultimately, environmentally sensitive areas and 
specific resources must be addressed in the long-term 
management plan.

Aesthetics
A conscientious effort to avoid major exposure of a pro
posed transmission line to large numbers of the viewing 
public is paramount (Howlett 1979). Landscaping may be 
a solution in highly exposed areas but requires budgeted 
maintenance, including thinning, pruning and topping. 
Plantings may require fertilizer or lime in attractive 
residential and roadside areas where poor soils lack 
necessary pH or nutrient levels (Gaffney, Dickerson, 
Myers, Hoyt, Moonen, and Smith 1991). Recent re
search has improved the efficacy of tree growth regula
tors (TGRs) (Orr, Leonard, and Lentz 1989), but a better 
approach is to discourage tall tree planting under con
ductors by landowners and municipalities.

Wildlife and fish
Selective mechanical cutting has improved habitat for 
breeding birds (Bramble, Byrnes, and Schuler 1984) 
and young animals (Bramble and Byrnes 1979) but is 
more costly than herbicide techniques and must be 
done more frequently (discussed later). Furthermore, 
clear cutting can have catastrophic effects on local 
populations (deWaal Malefyt 1985). Thus, ROW man
agement in New York includes judicious selection and 
use of herbicides to maximize cover and food for in
digenous species.

Where endangered or threatened species are en
countered special measures are incorporated to protect 
their habitat. Noise has been mitigated near bat caves 
(FERC Order 4796-NY for small hydro projects near 
Watertown 1986) and lupine encouraged for Karner 
Blue butterflies (Smallidge and Leopold 1992). Other 
examples are the retention of basking sites for rattle
snakes and turtles (Commission orders issued in Arti
cle VII cases 94-T-0316 on 5 July 1994 and 91-E-0529 on 
23 May 1995). Crossing lanes have been designed and 
maintained (Wiley and Marion 1980) and desirable

foods encouraged for deer (Bramble and Byrnes 1979). 
Moderate to high densities of cervids, lagamorphs and 
rodents (Canham, Berkowitz, McAninch, McDonnell, 
and Ostfeld 1994) help maintain desirable vegetation 
cover while improving aesthetics for ROW viewers. 
Vegetation at stream crossings has been retained 
through selective clearing to provide shade for aquatic 
life and stabilized banks have improved habitat for fish 
and amphibians (Wilzbach and Cummins 1986; Lees 
1993). Stream crossing devices such as fords, culverts 
and rip-rap are maintained as needed to provide opti
mum quality habitat for aquatic organisms. Deferred 
maintenance can cause breakdown of these devices 
resulting in slowed stream flow, increased sunlight 
and warming of cold water streams and increased nm- 
off and siltation. Gates and fences are regularly re
paired to prevent vehicles and livestock from gaining 
access to streams, thus preserving sensitive reaches 
and riparian habitat.

Rare and protected plants
In addition to federal law. New York State laws protect 
listed plants (Mitchell, Sheviak, and Dean 1980; Young 
1996). Listed species are exploited locally for their eco
nomic importance (gensing) or their attractiveness (or
chids and ferns). Research is underway to find means 
to protect and encourage lady-slippers (Petersen 1996) 
and blue lupine (Smallidge and Leopold 1992) growing 
on ROW.

Landuse
Systemwide plans take into consideration existing land- 
uses and practices of local landowners since most ROW 
are held in easements. ROW cut across a variety of 
uses, each requiring specific management approaches.

Agriculture
To insure reliability, electric structures, especially lines 
of 115 kV or larger, require maintained access to struc
tures. Thus fill roads with water bars or culverts will 
exist in fields and need occasional maintenance as per 
management plan specification.

Forested areas
Utilities treat tall growing trees on a 3-8-year cycle to 
preclude tree caused interruptions. Each franchise is 
divided into districts and individual ROW are treated 
once during an established cycle. Cycle length depends 
on franchise size, onsite vegetation and site charac
teristics.

Residential areas
ROW in these areas are regularly scrutinized by the 
public and require constant vigilance. Stream and road 
crossing buffers must be regularly maintained to pro
vide required conductor clearance and each landowner 
must be contacted when edge trees need trimming. 
Utility foresters attempt to synchronize trimming with
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ground treatment but rapid growth, storm damage and 
landowner concerns may dictate more frequent treat
ment. Long Island Lighting Company (LILCO) actu
ally has two separate maintenance programs for 
ground floor and overhead work.

Commercial and industrial areas
Individual trees on these properties are frequently in 
inconspicuous places and difficult to spot but cannot 
be ignored. Thus, aerial surveys are used to supple
ment ground patrols in locating individual trees need
ing trimming or removal.

Wetlands
Any use of protected wetlands, with the exceptions of 
limited grazing and logging and other farm activities, 
requires a permit from DEC or the Corps of Engineers. 
Herbicide use within established buffers is limited to 
aquatic labeled herbicides applied selectively to target 
species as per label instructions and in accord with the 
company's systemwide ROW management plan and 
Commission Orders.

Waterbodies
Streams, rivers, lakes, and ponds are all considered sensi
tive resources. All approved systemwide ROW manage
ment plans require buffers of 9.1 m (30 feet) or more and 
any trees or limbs dropped in these water bodies must be 
manually removed to an upland site. Stream crossing 
devices are regularly maintained. Otherwise, mainten
ance is carried out in accord with conditions in the sys
temwide plan, and specific ordering conditions in 
pertinent Article VII cases which include recommenda
tions from DEC for classified [c(t)] trout streams.

Watersheds and reservoirs
Where herbicides are proposed on or near drinking water 
sources, the DEC and DOH or county health department 
must be notified in accord with state statutes and provi
sions in the systemwide plan. Buffer zone widths vary 
depending on site conditions and recommendations of 
the authorizing agency(s) and any felled limbs and tops 
must be removed from the water manually.

IMPLICATIONS OF VEGETATION MANAGEMENT

Major advances have occurred in the field of vegetation 
management since 1950, particularly since 1978. ROW 
technology has evolved from strictly mechanical to 
highly selective chemical applications. Integrated pest 
management or IVM is now in vogue as environmental 
groups press non-chemical approaches.

Mechanical
Prior to 1940 ROW clearing generally entailed a com
plete grubbing of all vegetation to facilitate access for 
construction and subsequent maintenance. Trees

Table 2. NYS Electric transmission right-of-way data 1996 
(inclusive of 34.5 to 345 kV voltage lines)

Utility Total ROW miles Brush acres Total acres

NMPC 9,005 48,060 78,536
NYSEG 3,974 32,000 47,686
O&R 379 1,187 4,461
CHGE 535 4,000 6,399
Con Ed 118 2,027 2,723
RG&E 710 1,600 2,400
LILCO 1,083 2,269 N.A.
NYPA 1,040 17,270 28,700

Totals 16,844 108,413 170,905

N.A. = Figures not available.

threatening lines were cut with axes or bucksaws. Ero
sion control was not a big concern. The 1940s featured 
the introduction of chainsaws and more selective clear
ing. Subsequently, brush-hogs, brillions, cutterbars 
and clippers were developed and introduced to ROW 
management. Each technique has its limitations and 
advantages depending on site conditions, vegetation 
present, accessibility and the perception of on-site sen
sitivity by the ROW manager. Increased acreage (Table 
2), and labor and equipment costs now influence ROW 
managers to seek alternative maintenance methods. 
Handcutting now (1995) averages $332 per acre vs. 
$247 for high volume foliar and $162 for low volume 
foliar (Table 3). Mechanical methods are all still used by 
New York utilities, but on a site-by-site basis and 
mostly where herbicides are prohibited by regulation 
or landowner agreement.

Chemical
Since 1950, herbicide techniques have been the major 
tool for controlling unwanted vegetation on New York 
ROW. After World War II ammonium suEamate com
bined with 2,4-D was the first chemical mix used exten
sively on ROW. The high effectiveness of 2,4,5-T used in 
combination with 2,4-D during the Vietnam War 
prompted its increased use on ROW from 1950 to 1978. In 
1978, EPA withdrew its registration of 2,4,5-T over con
cerns of environmental contamination by dioxin, a per
sistent ingredient of the chemical. Since 2-4-D was not 
effective by itseE and ammonium suEamate, developed 
and approved for use in water suppEes, was only par
tially effective on certain species, a host of new products 
— picloram, triclopyr and glyphosate in particular — 
have become the dominant ROW herbicides today. 
Imazapyr, and metsuEuron methyl are being used in 
combination with the above and ammonium fosamine 
has become popular in highly visible areas where it can 
be appEed late ui the season to avoid highly visible leaf 
discoloration. Diuron and suEometuron methyl are 
used extensively in substations for bare ground control.
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Table 3. Herbicide use and average cost of various electric ROW treatments in New York State (1982-1995)1

Year Total acres 
treated^

Total gallons 
cone, 
herbicide 
used'^

Gallons 
herbicide 
used/acre

Average treatment cost ($) acre

Foliar Basal Cut stump Cut/no treat. Brushhog

Low vol. Eligh vol.

1982 10,054 Inc. — — 215 295 366 385 414
1983 12,320 8,911 0.72 — 179 278 267 282 180
1984 11,399 9,221 0.81 — 246 265 204 310 254
1985 12,825 11,506 0.90 — 230 272 346 290 246
1986 12,639 9,827 0.78 — 270 376 420 457 434
1987 13,626 10,041 0.74 — 334 325 398 320 489
1988 16,382 10,284 0.63 — 301 428 392 393 333
1989 13,276 11,238 0.85 — 288 336 503 547 428
1990 10,242 6 , 6 8 6 0.65 — 296 318 871 627 435
1991 14,532 10,125 0.69 — 309 334 488 585 409
1992 12,028 6,870 0.57 — 282 322 418 453 346
1993 16,277 9,102 0.56 252 355 160 416 468 418
1994 16,497 8,623 0.52 164 282 269 425 425 372
1995 16,498 8,176 0.49 162 247 562 441 332 400

’ Summary of data from six upstate investor-owned electric utilities in New York State (Niagara Mohawk Power Corporation, New 
York State Electric & Gas Corporation, Central Hudson Electric & Gas Corporation, Rochester Gas & Electric Corporation, Orange and 
Rockland Utilities, Inc. and Consolidated Edison Company of New York.
 ̂These totals include all acres treated by any material (chemical or mechanical) in each given year. Unfortunately, it was not possible 

to separate mechanical acres from chemical acres for all years.
 ̂ Total herbicide used is reported here in concentrate chemical as purchased from chemical companies without dilution. Foliar 

applications are generally applied in a 3% solution in water while basal and cut stump applications may be applied in various mixes 
with water or oil. A common ratio is 50:50.

ROW applications have progressed from mostly heli
copter (1950s-1970s) within the two largest companies 
(NMPC and NYSEG); to ground foliar, basal and 
cut/stump (1980s and 1990s) and more recently (1993 
to present) low volume foliar. Reduced densities of 
incompatible species have allowed two companies 
(Central Hudson and O&R) to employ backpack low 
volume foliar as their primary technique.

Prescribed burning
NMPC conducted experimental bums in the 1970s but 
several limitations have precluded its use as a major 
ROW technique. Lack of selectivity and ineffective root 
kill are its main drawbacks. The Nature Conservancy 
has proposed this technique on selected ROW sites 
dominated by pitch pine and scmb oak in the Albany 
Pine Bush and Long Island. Future applications will be 
limited to fire vegetation types where a specific bum 
plan has been worked out and confinement is assured.

Biological
Control of vegetation through biological means has 
been mainly experimental. Most publicized is the effort 
to control purple loosestrife {Lythrum salicaria) through 
introduction of predatory beetles from Europe 
(Malecki, Blossey, Hight, Schroeder, Kok, and Coulson 
1993). Beetles have been released at pre-selected sites 
but further releases are dependent on current results. 
Biotic agents can only be introduced where a host

plant(s) is undesirable and affected landowners and 
involved agencies agree on a control program. Allelo
pathy and competition from clonal and rhizomatous 
species are being explored and pose potential for the 
future.

Passive or no treatment (cultural)
In New York about 37% of all transmission ROW are 
treeless (Table 2). Thus the cost of vegetation manage
ment is decreased about a third by other ROW uses. 
Without these uses, the total maintenance cost to fran
chised utilities would rise from $9,869,387 to about 
$13,500,000. That is a powerful incentive for utilities to 
encourage landowners to continue to manage ROW 
which cross their property. Interestingly, total current 
(1994) electric transmission ROW maintenance expen
ditures of about $10 million represent only 4% of all 
operations and maintenance costs (Table 4).

EFFECTS OF MANAGEMENT ON VEGETATION

Species composition and plant density are the two meas
ures of vegetation change on New York ROW. Selectively 
maintained ROW inherently provide greater plant diver
sity by bisecting homogeneous plant communities, open
ing the ground to increased sunlight and freeing up 
moisture by tree removal (Canham, Berkowitz, McAn- 
inch, McDonnell and Ostfeld 1994).
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Table 4. Annual expenditures in the transmission area for 1994’

Utility Electric ROW maintenance ($)

Electric ($)

Total O&M transmission expenses^ 

Gas ($)

NMPC 3,500,000 47,026,000 N.A.

RG&E 250,000 19,777,000 N.A.

Con Ed 976,000 91,424,000 N.A.

NYSEG 2,275,000 34,778,000 634,000

LILCO 1,600,000 59,418,000 6,605,000

O&R 693,000 10,789,000 8,026,000

NYPA N.A. N.A. N.A.

CHG&E 575,000 8,539,000 1,679,000
Corning Gas — — 297,000
National Fuel Gas — — 152,699,000
Columbia Gas — — N.A.
St. Lawrence Gas — — N.A.

Totals 9,869,000 271,751,000 169,940,000

‘ Figures romided to the nearest thousand. Only rural area gas companies are listed. 
 ̂N.A. = Figures not provided.

Species composition
Biodiversity is highly related to the management tech
nique employed; e.g., repeated brush-hogging on west
ern New York ROW by NMPC has produced solid 
stands of clonal Viburnum sp. and gray dogwood {Cor- 
nus rugosa) which is desirable management wise but 
provides little or no diversity. Aerial spraying has pro
duced the same species homogeneity by eliminating 
trees which resulted in moss and fern cover on acidic 
moisf sifes; hay scented fern {Denstadia punctilobula) in 
heavier soils on drier sifes and little bluestem {Andropo- 
gon scoparious) on silt-loam well drained sites. More 
recently, selective techniques such as basal, cut/stump 
and low volume foliar have targeted individual 
clumps or stems of trees, which allows other species to 
sprout or set seed. Over time, these niches create more 
diversity both in species composition and age class. 
The change is most dramatic in the second to third 
vegetation treatment cycle (Jackson 1997).

Plant density
Closely related soil and moisture are the two most 
important density related factors. Organically rich allu
vial bottom land soils with a constant water supply 
encourage germination and plant growth and rarely 
have less than 95% plant cover. Subsoils, sandy soils 
and highly acidic soils generally support much lower 
plant densities. Aspect is also important, thus cooler 
more moist north and west slopes and alluvial bottoms 
require more frequent treatment. Since entire ROW are 
scheduled in a given year, alternate year treatments are 
not an option but the poor soil, drier sites usually 
require less attention. Plants most likely to dominate 
are prolific seed producers (e.g., fire cherry {Primus 
pensylvanica) and tarfarian honeysuckle {Lonicera ta-

tarica)), and those with root sprouting tendencies (e.g., 
quaking aspen {Populus tremuloides), hay scented fern 
and grey dogwood).

Integrated pest management
Integrated pest management as a management concept 
has existed for years buf ROW managers who deal 
with plants almost exclusively prefer the term inte
grated vegetation management (IVM). IVM on ROW 
entails keeping all options of management open for 
consideration but justifying them based on vegeta
tion inventories, site conditions and existing landuse. 
The concept, introduced in a Commission policy state
ment (Opinion 80-15, 1980), continues to require ra
tionale and conditions for implementing any new 
management technique.

Economic justification
Cost benefit has always been a cornerstone of Commis
sion policy and practice in rate setting. It applies 
equally to environmental considerations. The imposi
tion of alternative vegetation management techniques 
on utilities must show cost savings or, at a minimum, 
no major cost increases.

The means for assessing cost/benefit are not sophis
ticated. However, all costs associated with a given tech
nique, including equipment, labor, chemicals, travel 
and overhead, must be documented. With the excep
tion of the NYPA, electric utilities employ contractors 
for vegetation maintenance. Their bids include the 
above items plus a profit margin (about 10% of fhe fofal 
job cost). New techniques or chemicals are used on a 
trial basis for one or two years and evaluated for cost 
benefit before being incorporated into the management 
plan.
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RESULTS OF MANAGEMENT EFFORTS TO DATE

Three major goals of IVM on New York ROW since 
1980 have been to: (1) increase vegetation diversity 
while eliminating tall growing trees; (2) reduce herbi
cide use through selective applications; and (3) evolve 
a stable cost efficient maintenance program. Through 
staff and company cooperation, dramatic success has 
been achieved for all three objectives. The evolution of 
vegetation change from undesirable to desirable vege
tation has been documented (Jackson 1997). Current 
low volume foliar treatments can save 40-60% of the 
cost of high volume, 60-70% savings versus cut/stump 
treatment and 25-40% savings on basal bark treat
ments with the same or better control of unwanted 
trees (Table 3). While it may appear that costs have 
increased over the years (Table 3), an adjustment for 
inflation since 1983 (Table 5) shows an increase for 
mechanical treatment only (10%) while all other treat
ments declined from 13% (cut/stump) to 47% (basal 
bark). Furthermore, mechanical techniques require fol
low-up chemical treatment to achieve the required con
trol (90-100% kill) of undesirable species.

T&D activities. Thus the future relationship between 
regulators (Commission) and regulatees (T&D compa
nies) wiU likely remain static. Easing of regulations is in 
order and underway which should result in a less adver
sarial atmosphere between the aforementioned parties.

New chemicals and delivery devices for herbicides 
will evolve though at a slower pace then the last 20 
years due to increasing costs, registration require
ments, and less government grant money. Biological 
research will continue to provide answers for individ
ual troublesome species but the solutions will have 
limited adaptability to ROW and will require coopera
tion with other agencies and more involvement of af
fected landowners.

Public relations will become increasingly important 
and utilities will consider citizen advisory boards to 
coordinate public concerns on management and other 
issues. Cooperative management contracts with land- 
owners or advisory groups on management issues are 
likely to increase as a consequence.
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Table 5. Cost comparisons of various right-of-way treatments 
accounting for inflation, over 12 years of management^

Treatment technique 1983^
actual

1 9 9 4 3

actual
1994^ 0//o

actual
Change
adjusted

High volume foliar 179 282 154 +37 -14
Basal bark 278 269 146 -3 -47
Cut/stump treat 267 425 231 +37 -13
Cut/no-treat 282 424 231 +33 -18
Mechanical clearing 183 373 203 +51 + 1 0

Average of all 238 355 193 +33 -19
treatments

' Trimming is not included since it was not consistently reported 
and is based on different miits of measure.
 ̂ 1983 was the first year all investor-owned electric utilities 

reported complete data for management activities.
1994 is the most recent year with complete data.

 ̂Adjusted 45.56% for inflation.

THE FUTURE

Several trends are evident in the electric industry. 
Companies are currently being reorganized and down
sized to make them more efficient, meaning more must 
be done with less. That requires excellent planning, 
tight budget control, better unit coordination and more 
use of electronic systems to collect, store and analyze 
data. This trend is likely to continue into the next century.

Deregulation of New York industry will continue 
but transmission and distribution (T&D) have not been 
a prime target to date. Both industry and the Commis
sion currently see little advantage to deregulation of
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Vegetation Dynamics on a Managed New 
York Right-Of-Way (1977-1996)

Lawrence W. Jackson

Vegetation surveys were conducted on an upgraded electric transmission right-of-way in eastern 
New York with an initial ocular estimate of ground cover at the time of clearing (1977) and 
subsequent ocular surveys of 12 representative sites in 1983, 1991 and 1996. Objectives were to 
document treatment effectiveness and vegetation change over time. Plants were classified as 
mosses, ferns, grasses and sedges, forbs, shrubs, desirable trees and undesirable trees. Treatments 
of vegetation occurred in 1978 (basal with 2, 4, 5-T), 1983 (cut/stump with picloram), 1991 
(cut/stump, foliar with glyphosate and imazapyr) and 1996 (spot foliar with glyphosate). Over the 
study period ground cover of mosses, ferns and grasses/sedges declined while forbs, shrubs and 
desirable trees increased. Undesirable trees were reduced to 5% or less ground cover on 10 sites 
with only one site increasing and one remaining stable. The basal treatment in 1978 eliminated 
many non-root sprouting species, but it took a follow-up cut/stump application in 1983 to remove 
root sprouting species. Subsequent treatments reduced undesirable species to 5% or less ground 
cover by 1996 on all but one site. Thus, major conversion to forbs, shrubs, and desirable tree species 
began in the second treatment cycle. Species numbers increased over the years in all but the moss 
group, with a regression analysis of variance yielding an f value of 438.97, df 1 (highly significant 
at the 0.05 level). While undesirable trees are now 5% or less of ground cover they continue to 
invade and will require continuous cyclical maintenance to preclude their escape into the wire 
security zone.

Key words: Vegetation dynamics, vegetation survey, ocular estimate, selective treatments, ground 
cover, conversion, biodiversity

BACKGROUND

During the early 1970s, the New York Power Pool, 
which coordinates electrical usage and distribution for 
New York State electric utilities, identified a need for a 
stronger tie between the New York and New England 
electric power pools. A decision was made to upgrade 
an existing 115 kV line, constructed in 1939, to 345 kV to 
provide that link. The selected line was Reynolds Road- 
Alps located in Rensselaer County, New York, and ex
tending from a substation near Troy some 17.9 km to the 
Alps substation near the Massachusetts border (Fig. 1).

A major power outage in 1965 blacked out much of 
the Northeast and raised concern about the adequacy 
of electric line maintenance statewide. The New York 
State Public Service Commission (PSC) certified this 
line in 1974 (Article VII, Case 26423) and construction 
took place in 1976 and 1977. Staff of the Department of

Public Service (staff) selected this right-of-way (ROW) 
as representative of land uses encountered in the state 
for a study of vegetation trends through several treat
ment cycles. In order to establish a baseline for deter
mining treatment types and intervals an inventory was 
needed. The subsequent inventory (Jackson and Pintal 
1978) was used as a basis for developing a model plan 
for managing electric system natural resource compo
nents (Jackson 1978). In 1980, the PSC required all fran
chised electric utilities to submit a systemwide ROW 
management plan for their transmission system.

OBJECTIVE

The basic objective of this study was to document and 
analyze the vegetation response 5,13 and 18 years after 
clearing of the line and more specifically to evaluate the
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Fig. 1. Location of study area.

effectiveness of chemical follow-up treatments on un
desirable tree species.

METHODS AND ANALYSIS

In the summer of 1977, a baseline vegetation survey 
was conducted of the ROW, which included the origi
nal 1939 line and the newly cleared 345 kV portion. No 
attempt was made to inventory old and new ROW 
independently since the ROW would be treated in its 
entirety during each treatment cycle. The original 
ROW was handcut in the 1940s. Helicopter and ground 
foliar treatments were employed in the 1950s and 
1960s. Surfaces of all fresh cut stumps on the new ROW 
were chemically treated during clearing. Follow-up ba
sal bark treatment with 2, 4, 5-T took place in 1978; 
some spot cut/stump treatment (stems cut with chain 
saw and stumps sprayed using a squeeze bottle with 
picloram) was employed on the west end of the line in 
1983. A combined cut/stump and foliar treatment oc
curred in 1991 using glyphosate and imazapyr and 
some spot ground foliar (with glyphosate) took place 
in 1996. The vegetation survey, conducted by an initial 
observer, was an ocular estimate of percent cover of 
existing species on the ROW. The observer zigzagged 
as he walked the ROW and kept a written tally of 
species encountered. Whenever there was an obvious 
cover type change, the observer stopped and estimated 
the percent cover of each species at that site. Species 
were grouped into seven phylogenetic categories: 
mosses, ferns, grasses/sedges, forbs, shrubs, desirable 
trees and undesirable trees. The distinction between 
desirable and undesirable was average height at ma
turity (7.2 m in this case). A second observer spot-

checked the tallies to verify their accuracy. Established 
plots with known densities were used as a reference 
and periodic check by the observer. The 17.9 km ROW 
was divided into 53 sites during the initial survey, hr 
the summer of 1983,12 of these sites were re-evaluated 
by the author. Nine of the sites were representative of 
the 25 northern hardwood sites found on this ROW 
where undesirable species had originally equalled or 
exceeded 10% of the plant cover. The other three sites 
were included because of their unique composition of 
vegetation. The same 12 sites were again evaluated by 
the author in June of 1991 and 1996 using the ocular 
techniques employed previously.

The Friedman Test (Conover 1980) was used to dis
cern if differences occurred between sites and years 
within the seven different plant groups. The hypothe
sis was that in a random table of percent cover for each 
plant group values have the opportunity to be equal 
but some may differ.

A contingency table (Conover 1980) was used to 
determine whether or not values of T were significant 
or not at the 0.05 level.

To determine if differences occurred between plant 
number and years of species a regression analysis of 
variance was employed (Steele and Torrie 1960). Calcu
lations were made with an SAS program (1997). Again, 
for the hypothesis there is equal opportunity for numbers 
to be the same over the years in each plant group. It 
should be noted, however, that site observed changes 
over time and climatic features undoubtedly affected 
species numbers within plant groups on individual 
sites.

RESULTS

The percent cover by plant group of the 12 sites se
lected for re-survey in 1983,1991 and 1996 was summa
rized and tabulated (Table 1). Estimated plant cover for 
those years is compared with 1977. Table 2 is a sum
mary of vegetation cover trends for each major phylo
genetic plant group.

Mosses and Ferns
As might be expected following conversion of closed 
canopy to open conditions where sunlight is dramati
cally increased and desiccation is more rapid, both 
mosses and ferns declined. Haircap (Polytridiwn com
mune) was by far the most common moss in 1977, with 
sphagnum {Sphagnum sp.) common on wet areas within 
sites. By 1983, however, with more desirable woody 
vegetation providing more shade and moisture, in
creases were recorded at four sites. These gains reversed 
in 1991 and 1996 with mosses declining on eight sites in 
1991 and five sites in 1996. Hayscented (Dennstaedtia 
punctilobula) and bracken fern (Pteridium aquilinum) were 
most common on upland sites with sensitive {Onoclea 
sensibilis) and interrupted fern {Osmunda interrupta) be-



Vegetation dynamics on a managed New York ROW 113

Table 1. Total plant density and average density in percent ground cover by plant group and year surveyed

Plant group 1977 1983 1991 1996

Total Avg. Total Avg. Total Avg. Total Avg.

Mosses 57 4.75 58 4.83 43 3.58 49 4.08
Ferns 85 7.08 54 4.50 60 5.00 75 6.25
Grasses 237 19.75 291 24.25 187 15.58 209 17.42
Forbs 320 26.67 290 24.17 255 21.25 375 31.25
Shrubs 270 22.50 191 15.92 373 31.08 323 26.92
Desirable trees 97 8.08 98 8.17 185 15.42 131 10.92
Undesirable trees 133 11.08 218 18.17 101 8.42 49 4.08

Table 2. Plant composition change by site from 1977 for each survey period

Plant group Increase Decrease No change

1983 1991 1996 1983 1991 1996 1983 1991 1996

Mosses 4 1 2 6 8 5 2 3 5
Ferns 2 2 3 6 9 7 4 1 2
Grasses 6 2 4 5 8 8 1 2 0
Forbs 4 3 6 7 6 4 1 3 2
Shrubs 0 11 7 1 2 1 3 0 0 2
Desirable trees 5 7 7 5 3 3 2 2 2
Undesirable trees 5 1 1 3 9 10 4 2 1

ing common in wet areas. All ferns on only two sites (2 
and 53) increased between 1977 and 1991. The T2  test 
revealed (T2  = 2.68) that significant differences do exist 
between mosses within sites and between years at the 
0.05 level and likewise differences occur for the ferns 
(T2  = 3.16).

Grasses including Sedges
Grasses increased on only four sites (2,11, 39 and 44) 
while decreasing on eight sites over the study period. 
A reciprocal relationship occurred for forbs which in
creased on six sites, while declining on only four sites. 
On three sites where grasses declined, forbs decreased 
as well, but on three other sites forbs increased where 
grasses declined. However, on the three sites where 
undesirable trees increased dramatically in 1983 (sites 
11,47 and 53), grasses and forbs decreased correspond
ingly. Yet, when trees were dramatically reduced 
(1991) grasses and forbs expanded (site 11), stayed the 
same (site 47) or stayed the same for grass while forbs 
increased (site 53). On the latter two sites, shrub in
creases made up the difference. Three grasses {Poa ca- 
nadenis, Koelaria cristata, Phleum pratense) were common 
to all sites though not predominant, with 5% or less 
cover for each species. Poverty grass (Danthonia spicata) 
and little bluestem {Andropogon scoparius) were pre
dominant [45 and 54% on two sites (24 and 34)] in 1983 
but declined thereafter, while sedge {Carex sp.) was

common to most sites but exceeded 5% on only two 
sites (1 and 8 in 1983). The T2 test (T2  = 2.52) revealed 
that significant differences occur between the cover of 
grasses among sites and over the years.

Forbs
Forbs varied widely in density and composition, with 
the goldenrods {Solidago sp.), collectively, being most 
important. They (S. canadensis, S. rugosa, S. altisima, S. 
gigantea, S. graminifolia, S. squarosa) comprised about 
5-8% of the cover on all sites but site 2 where they 
increased from 8 to 15% in 1983 and then declined to 
4% by 1991. The T2  test for forbs revealed that (T2  = 
2.37) significant differences occur between sites and 
years for this plant group.

Shrubs
Shrubs declined on all 12 sites from 1977 to 1983 (Table 
1). Decreases were most dramatic on sites 11 and 34. On 
site 11, undesirable trees (primarily black locust (Ro- 
binia pseudoacacia)) became the major plant group 
whereas on site 34, grasses were most common. On five 
other sites, (2,24,39,44 and 47), the decrease was 5% or 
more. Shrubs increased on 11 of these sites in 1991 but 
by 1996 shrubs had declined slightly on eight of the 
sites to the advantage of forbs. Shrub gains were at the 
expense of all other plant groups, but varied from site 
to site. Some 42 shrub species were encountered.
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Currants (Ribes sp.), holly {Ilex sp.) and roses {Rosa sp.) 
were lumped by genera. Briars were included as 
shrubs since they have semi-woody stems, but were 
tallied by species. Cumulatively, briars were the major 
shrub component with blackberry {Rubus alleghenien- 
sis), raspberry {Rubus idaeus) and dewberry {Rubus 
hispidus) present on nearly every site. Gray dogwood 
{Cornus racemosa) was the most important individual 
shrub, comprising up to 11% of the plant cover (site 29). 
Arrowwood {Viburnum dentatum) was also present on 
most sites, although not quite as ubiquitous as gray 
dogwood, and ranged up to 10 and 12% of plant cover 
(sites 44 and 23, respectively). Other important species 
were roses, grape {Vitis sp.), virgin's bower {Clematis 
virginiana) and bush honeysuckle {Diervilla lonicera). 
The T2 test revealed (T2 = 4.24) that significant differences 
occur between sites and years for this plant group.

Desirable Trees
Seventeen species of desirable trees were identified. 
Blue beech {Carpinus caroliniana), fire cherry {Prunus 
pensylvanica) and hop hornbeam {Ostrya virginiana) are 
included, although these species were also considered 
undesirable wherever maximum height growth ex
ceeded the limits of the wire security zone. In 1983, 
staghorn sumac {Rhus typhina) was found on all but site 
23 and comprised up to 15% of plant cover on those 
sites; fire cherry and hawthorn {Crataegus sp.) were also 
common to most sites, although never comprising 
more than 3% of the cover even collectively. In addition 
to the five species already discussed, notable increases 
in density occurred over the study for both smooth 
sumac {Rhus glabra) and juneberry {Amelanchier sp.). 
The T2  test revealed (T2 = 2.93) significant differences 
between sites and years within this plant group.

Undesirable Trees
From 1977 to 1996 undesirable tree species decreased 
on 10 sites and increased on only one, so by 1996 
aggregate densities of these species were 6% or less on 
all but site 34. Between 1983 and 1996, undesirables 
went from 5 to 20% on site 34 with gray birch {Betula 
popidifolia) and red maple {Acer rtibrum) increasing 10 
and 3%, respectively, and aspen {Populus tremuloides) 
remaining stable. On site 11, black locust was not effec
tively controlled and increased from 2 to 50% and com
prised 5/6 of the undesirable vegetation on that site in 
1983. Subsequent treatment reduced it to 1% in 1991, 
but by 1996, it was back to 4%.
Interestingly, the same undesirable species occurred in 
roughly the same proportion (1-5%) on all sites regard
less of composition trend. Those species were red ma
ple, white ash {Fraxinus americanus), gray birch and 
quaking aspen. The notable exceptions to this principle 
were white pine and hemlock (site 53) and black locust 
(site 11). While densities of the 25 identified species 
vary somewhat, red maple, white ash, red oak, gray 
birch and quaking aspen occur most frequently. Black

locust is also a problem on select sites. The T2  test 
revealed (T2  = 9.95) highly significant differences be
tween sites and years in this group.

Herbicide Effectiveness
The uniqueness of site 11, because of black locust, has 
been discussed previously. While the basal application 
in 1983 was ineffectual, a site specific cut/stump treat
ment reduced that species to 1% by 1991. The shrub 
component declined on all sites from 1977 to 1983 un
doubtedly due to translocation of chemical and over
spray but responded to treatments and exceeded 1977 
levels on seven sites by 1996. The same rationale ap
plies to desirable (notably sumac) trees and forbs 
which declined on several sites from 1977 to 1983 but 
rebounded and exceeded 1977 levels on seven and six 
sites, respectively, by 1996. The three remaining 
groups: mosses, ferns and grasses all declined on six, 
seven and eight sites, respectively, over the study. 
Their decline is attributed to interspecific competition 
and site factors. They were not targeted but chemicals 
indirectly affected displacement by providing intersti
ces for new plant invasion.

Species Composition and Biodiversity
Forbs, shrubs and desirable trees increased by 5, 5 and 
3% respectively, over the study while mosses, ferns, 
grasses, and undesirable trees declined on average by 
1,1,2 and 7%. In 1996, shrubs were the dominant group 
on six sites, forbs on four sites, and desirable trees and 
ferns on one site each. On no site did the average 
density of any group exceed 32% (Table 1). The mosses, 
while declining overall, are down by only 1% and re
main on nine sites; being eliminated only on sites 11,23 
and 47. Ferns declined slightly as well but have disap
peared only at sites 11 and 24 and appeared at site 1 in 
1996 where none existed before. The one site where 
ferns have increased dramatically is site 53 where five 
species, lead by hayscented, now comprise 36% of the 
ground cover.

A compilation of species by plant groups and year 
was made to assess any change in numbers (Table 3). 
With the exception of the mosses and undesirable trees.

Table 3. Species diversity index

Plant group Number of species by year

1977 1983 1991 1996

Mosses 4 3 3 4
Ferns 5 6 7 1 0

Grasses 1 2 16 2 0 17
Forbs 54 53 67 76
Shrubs 25 29 31 37
Desirable trees 1 1 13 15 18
Undesirable trees 15 2 1 18 16

Totals 126 141 161 178
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species numbers increased in all other groups over the 
years. The magnitude of increase was confirmed 
through a regression analysis of variance which 
yielded an f value of 438.97 (df 1; 0.05 level) and re
vealed that highly significant differences exist between 
plant groups and years. The probability of f being non
significant was only 0.0023 (SAS 199^. Interestingly, 
while species numbers declined slightly (by five) for 
undesirable trees from 1983 to 1996, 16 species still 
remain after nearly 20 years of maintenance though at 
a much reduced density.

DISCUSSION

It would be unsound to draw definitive conclusions 
based on a direct comparison of plant group types by 
percent cover since several cover comparisons were 
within a 5% range, and ocular estimates may be biased 
by as much as 5%. Furthermore, differences exist be
tween sites with regard to slope, aspect, soil and mois
ture regime and for these reasons only tests for overall 
differences were conducted. Some general conclusions 
are valid, however.

Traditional theory of succession envisioned a pro
gression from lower to higher plant groups. Egler 
(1954) challenged this theory and instead introduced 
the concept of initial floristic relay. Subsequent studies 
(Bramble, Bums, and Hutnik 1990; Bramble, Bums, 
Hutnik, and Liscinsky 1996) generally supported 
Egler's theory and revealed that certain plants (e.g., 
goldenrods, hayscented ferns and poverty grass) dis
courage woody plant invasion and maintain stable 
communities for several years.

This study confirmed those earlier findings with clonal 
species maintaining their numbers or increasing over 
time. A downward trend is natural for most mosses, ferns 
and grasses on a newly-cleared ROW treated with se
lected herbicide applications. In fact, mosses, ferns and 
grasses increased on only two, three and four sites, 
respechvely, through 1991. Certain species of these 
groups, particularly haircap moss and hayscented fern, 
might be expected to increase where herbicides are 
broadcast, but this was not the case here except on site 
53 where, hayscented fern probably benefitted from 
earlier helicopter applications.

On only three sites (11, 23 and 47) did a progression 
from lower to higher plant groups occur with undesirable 
trees increasing dramatically from 1977 to 1983. Sub
sequent treatments, however, reduced undesirables to 
5% or less on all these sites by 1996. Shrubs had become 
the dominant group (50% plus) on sites 23 and 47 by 
1991 but shrubs declined on both sites by 1996 to the 
benefit of forbs and desirable trees. Sites 8 and 11 con
tinue to be in transition with slight declines in the shrub 
and desirable tree species and grasses and forbs still 
dominating. Staghorn sumac and gray dogwood are 
increasing on both sites, however, and under selective 
management should eventually dominate.

Disturbance is the only logical explanation for forb 
abundance: 20-40% on nine sites in 1983. By 1991 forbs 
were still in transition, increasing on five sites and 
declining on six others. The lack of increase in shrubs 
and desirable trees on certain sites allows continued 
space for forbs. Little bluestem and some goldenrods 
(S. rugosa, S. graminifolia, S. altisima) are quite herbicide- 
resistant and tend to increase where broadcast herbi
cide application is practised (Bramble, Bums, Hutnik, 
and Liscinsky 1996). These species undoubtedly flour
ished on the old existing ROW prior to clearing for the 
Article VII line in 1977, and have extended their pres
ence through underground rhizomes into the new ROW.

The reason(s) for shmbs and desirable trees not in
creasing on certain sites are site-specific and include, 
beyond edaphic features, a probable combination of 
recreational use (trail bikes and horseback riding), ero
sion, land use activities, herbicide use and biotic activ
ity, particularly herbivory. The first two activities are 
confined almost exclusively to the access road (10-15% 
of the ROW). Erosion has been largely controlled by 
seeding, mulching and installation of diversion ditches 
in the first year after construction. This leaves land use, 
herbicide application and herbivory as the most likely 
factors influencing tree and shrub growth or lack thereof. 
Prior to 1983, herbicides were marginally effective 
(greater than 1% reduction of imdesirable plant cover on 
only three sites). On four sites, the reduction was less 
than 1%, and on five sites, undesirable cover increased. 
The increase on three of these sites was dramatic (18- 
55% increase). Even on sites where undesirable species 
decreased, however, a residual undesirable cover of 5% 
or more remained in 1983.

Why did shmbs and desirable trees not increase 
more dramatically prior to 1983 since they were being 
released through clearing and selective herbicide applica
tions? Ineffective herbicide control on root sprouting spe
cies, particularly aspen and black locust, probably 
explains the resurgence of these species on site 11 in 1983 
and site 34 in 1996. At site 11, where sumac decreased 
from 15 to 1% and black locust increased simultane
ously from 2 to 50%, it appears the sumac, which is 
highly susceptible to translocating chemicals and 2,4,5- 
T, was killed, while the black locust survived and in
creased by root suckering. A dramatic turn-around of 
shrubs occurred after 1983 from a decline on 11 sites to 
an increase on 11 sites. Species such as gray dogwood, 
arrowwood, dewberry, grape and poison ivy {Rhus radi- 
cans), which regenerate through above or underground 
rhizomes, have increased wherever they occur. Species 
such as common elder {Sambucus canadensis), hardback 
{Spirea tomentosa), sweet fern {Comptonia peregrina), the 
blueberries {Vaccinium sp.), honeysuckles {Lonicera 
sp.), autumn olive {Eleagnus umbellata), choke cherry 
{Prunus virginiana) and beaked hazelnut {Corylus ameri- 
cana) which spread through seed dispersal, on the other 
hand, have remained stable or increased only slightly. 
Shade-tolerant species such as witchhazel (Hamamelis
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virginiana) and spice bush (Lindera benzoin) have not 
done well in full sunlight and are declining. The briars, 
other than dewberry, have generally declined on all 
sites as well which explains the shrub component de
cline on several sites in 1996. There are probably sev
eral reasons for this. The sandier sites to the west of the 
ROW have never favored briars. They are also very 
susceptible to herbicides and are killed by either direct 
contact foliar applications or by root absorption from 
basal or cut/stump applications. As woody shrubs and 
desirable trees continue to spread, briars will probably 
continue to decline. Interestingly, dewberry has contin
ued to spread as edaphic features, soil and moisture, 
favor it. Also, because of its decumbent growth form, it 
avoids contact with foliar sprays. Sumac, in the desir
able tree group, is undoubtedly similar in response to 
the rhizome spreading shrubs. It is very susceptible to 
foliar sprays and root pickup of chemicals such as 
2,4,5-T and picloram because of its upright growth 
form, physiology and spreading root system. Given the 
opportunity, however, it spreads rapidly as evidenced 
by documentation at sites 1 ,2 ,11,24,29 and 39 in 1991. 
Surprising and unexplained, is its decline on all those 
sites except 24 in 1996.

Other studies (Canfield, Berkowitz, McAninch, 
McDonnell, and Ostfeld 1994; Adams and Geis 1981) 
have shown herbivory, particularly by small rodents 
{Microtus and Peromyscus sp.), deer {Odocoileus virgini
ana) and rabbits (Sylvilagns sp.) to play a significant role 
in plant regeneration. It is likely that herbivory affected 
plant succession during this study, especially when 
eruptions in those populations occurred, but that use 
was not documented.

MANAGEMENT IMPLICATIONS

Unfortunately, it was not possible to re-inventory all 53 
sites. However, since only two of the sites inventoried 
in 1983 showed a marked reduction in undesirable 
cover, it is not likely that there was any substantial 
change in undesirable cover on other sites. For pur
poses of vegetation management, we can reasonably 
say that sites with 5% or less undesirable vegetation 
cover are potentially controllable with one treatment, 
and those over 5% will probably require one or more 
follow-up treatments on any missed stems.

There are 93.8 ha on this ROW. In 1977,9.8 ha (10%) 
was less than 1% undesirable cover, 8.6 ha of which 
was active agriculture. Another 11.8 ha (13%) had 1-5% 
undesirable cover and 72.2 ha (77%) of the ROW had 
undesirable cover ranging from 6 to 20%.

Assuming that the resurveyed sites in 1983, 1991 
and 1996 are representative and considering the above 
land use, about 90% of the ROW will need at least 
minimal treatment on a cyclical basis and about 20-24 
ha of the ROW (1/4) will require more extensive treat

ment. For those sites with less than 5% undesirable 
cover, low volume foliar or basal treatments are appro
priate. Cut/stump is not recommended except at vis
ible road crossings due to the difficulty experienced in 
obtaining root kill. On sites where undesirable cover 
exceeds 5%, the first two techniques, plus ground ap
plied high volume foliar with low pressure nozzles and 
mechanical cutting in standing water, wetlands and 
residential areas are appropriate. The particular tech
nique employed would depend on plant height, den
sity and species composition along with site 
sensitivities. Basal, employing a mix of triclopyr and 
picloram combined with a low volume foliar applica
tion to any surviving sprouts, might be the best follow
up techniques. Scotch pine {Finns sylvestris) and white 
spruce {Picea glauca) could be cut and lopped.

Given the array of species (representing all plant 
groups), the wide density range of undesirable species 
needing treatment, and various other site factors, all of 
the above-discussed techniques should be open op
tions for maintenance. For future maintenance, crews 
should be prepared to do basal, (either standard ap
proach or pre-treat and cut), low volume ground foliar, 
and cut-and-pile, and tailor the treatment to each site 
based on density and species composition and site sen
sitivity factors. Aerial or high volume ground foliar 
with high pressure nozzles are not appropriate at any 
sites since undesirable cover is less than 20% and most 
sites are visible from residences and highways.

CONCLUSIONS

Tall growing vegetation on utility ROW can be control
led through regular cyclical maintenance. Cyclical 
maintenance must continue for the life of the facility 
since there always remains 1-5% or more ground cover 
of undesirable trees. Positive benefits of this mainte
nance include greater species diversity in all plant 
groups other than tall trees and enhanced habitat for a 
variety of wildlife species. The increased number of 
rodents and lagomorphs is likely to aid in reducing tree 
seedlings, though this was not documented in this 
study.
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Application of Integrated Pest Management 
to Electric Utility Rights-of-Way Vegetation 

Management in New York State

Kevin T. McLoughlin

Integrated Pest Management (IPM) is a process that balances the use of cultural, biological, and 
chemical procedures for reducing pest populations to tolerable levels. Rather than relying solely on 
chemicals (or eliminating chemicals completely), IPM seeks to produce a combination of pest 
control options that are compatible with the environment, economically feasible and socially 
tolerable. The control of vegetation, i.e., the contemporary management of vegetation, on electric 
utility line rights-of-way (ROW )' readily accommodates itself to an IPM process. This paper 
describes how the member systems of the New York Power Pool (NYPP) have been actually 
practicing an IPM strategy for about two decades. However, that strategy can be more appropri
ately referred to as an Integrated Vegetation Management (IVM) strategy.

Keywords: Vegetation management, integrated pest management, cultural procedures, biological 
procedures, chemical procedures, preventive measures, monitoring, assessment, control measures

BACKGROUND

In New York State after a forested landscape is cleared, 
or when a cultivated field is abandoned, the natural 
vegetation type that will ultimately re-occupy the site 
and dominate the area will be tall growing trees. When 
the cleared area is an electric utility Right-of-Way 
(ROW), these resurgent trees can grow too close to the 
overhead electric lines. When this occurs, there is the 
potential for an electrical discharge from the electric 
line through the air to the tree and then to the ground. 
This is known as a "line to ground fault or flash-over". 
The result of a line to ground fault is an instantaneous 
break in electric service and a dangerous situation on 
the ground in the immediate vicinity of the high volt
age discharge. Therefore, as a matter of public safety

and system reliability, utility ROW vegetation manag
ers have a continuing need to preclude the estab
lishment and subsequent growth of those tree species 
that are capable of growing into or even close to the 
electrical lines .̂ Utilities ensure that tall growing trees 
do not interfere with electric lines by carrying out a 
long term ROW vegetation management program.

INTEGRATED VEGETATION MANAGEMENT AS AN 
IPM STRATEGY

IPM has been described as a system of resource man
agement that attempts to minimize the interaction be
tween the pest and the management system through 
the integrated use of cultural, biological, and chemical

1 Electric utility ROWs are strips of land, from 30 yards to over 300 yards in width, that are used by electric utilities as corridors for 
the transmission of electric energy.

2 The electrical facilities being discussed herein are for the most part high voltage transmission lines and only those lower voltage 
distribution lines that have a discernible cleared ROW. There are more than 10,000 circuit miles of overhead transmission lines above 
115 kV belonging to the members of the NYPP in New York State. ROW vegetation management under these electric transmission 
facilities is quite distinct from roadside tree trimming around distribution lines and these street tree pruning operations are not the 
subject of this paper.
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controls. Implementation of an IVM program utilizing 
modem ROW vegetation management techniques 
meets this definition completely; IVM is a system of 
resource (vegetation) management that minimizes in
teraction between the pest (tall growing trees) and the 
management-system (safe and reliable electric service) 
through the integrated use of cultural (highly selective 
control techniques often stem specific and including 
mechanical methods), biological (low-growing plants 
and herbivory), and chemical (herbicides) controls.

Utilities use three general routine procedures for 
removing tall growing trees from the ROW: (1) me
chanical methods such as mowing and hand cutting 
with chainsaws, (2) chemical treatments, i.e., the selec
tive application of herbicides and (3) combinations of 
both mechanical and chemical methods.

Mechanical methods of tree removal alone will clear 
the ROW of tree stems temporarily. However, employ
ment of these mechanical methods allows trees to physi
ologically respond by regenerating quickly from the 
energy reserves contained in their rmdisturbed root sys
tems. This tree regrowth occurs through such mecha
nisms as "stump sprouting" and/or in some species 
"root suckering." This regenerative capacity is charac
teristic of virtually aU hardwoods^ e.g., maple, beech, 
birch, aspen, oak, ash, cherry, etc. and will result in the 
eventual production of many more stems than were 
originally cut. By drawing upon the food reserves in their 
undisturbed root systems and through a series of com
plex compensatory physiological plant responses, the re
surgent growth from the remaining portions of the tree 
(stump andXor roots) is actually enhanced when a tree 
stem is severed. It is through the production within the 
plant of naturally occurring stimulatory substances to
gether with the loss of growth inhibitors (caused by the 
removal of the above ground growth centers) which 
then exert their influence on the remaining vegetative 
structure to promote excessive new tree growth. These 
new, more numerous stems, growing much faster than 
when left uncut (e.g., five to ten feet the first year after 
cutting), make subsequent tree removal from the ROW 
more frequent, laborious, hazardous and costly.

The selective apphcation of herbicides to only the taU 
growing target tree species can in most instances elimi
nate completely the resurgent tree growth problem be
cause the herbicide when properly deposited on the 
target species translocates throughout the tree (including 
the root system) and arrests all future growth and devel
opment, i.e., killing the entire target plant not just tempo
rarily removing the above ground portion. Selective 
herbicide application involves two general techniques^:

a basal application to the lower stem of the tree and a 
foliar application to the leaves. Selective application of 
herbicides only to the target tree species allows reten
tion of nearly all the desirable low-growing vegetation 
on the ROW. The elimination of the tall growing trees 
from the ROW will also encourage the further growth 
and development of all the indigenous low-growing 
woody shrubs, herbs (forbs and grasses), ferns, etc. by 
removing the trees that would otherwise begin to di
rectly compete with and eventually "crowd out" the 
low-growing species over time. With effective mini
mally disruptive tree removal, these lower growing 
desirable plant species will expand into the ROW areas 
formerly occupied by trees and produce a thick dense 
plant cover that will discourage the invasion of new 
tree seedlings and/or the future growth of any remain
ing tree seedlings. These desirable low-growing plant 
communities act as the biological controls in this 
IPM/IVM scenario. The establishment and the preser
vation of these low-growing plant communities on 
ROWs serve to reduce over time the amount of work 
required and cost incurred by the utility to maintain 
the ROW each treatment cycle while coincidentally 
diminishing the amoimt of herbicide necessary for ade
quate coverage of the target species.

Mechanical and chemical controls are often used 
together with favorable synergistic results. For in
stance, a tree is manually cut with a chain saw and the 
resulting freshly severed stump is treated with a herbi
cide formulation to prevent resprouting. This proce
dure removes the immediate physical threat to the 
overhead electrical line as well as the future tree 
growth with little disruption to the surrounding desir
able plant cover while requiring very limited use of 
herbicides in a highly efficacious spot application.

ESSENTIAL ELEMENTS OF AN IPM STRATEGY: 
ILLUSTRATIONS AND EXAMPLES

IPM programs consist of five basic elements: (1) pre
ventive measures, (2) biological controls, (3) monitor
ing, (4) assessment, and (5) control measures. These 
essential elements of a sound IPM/IVM program are 
illustrated in the following examples.

Preventive Measures
When the land use of a ROW is altered to preclude the 
establishment and growth of trees, the utility has little, 
if any, ROW vegetation management activities to per
form. This advantageous situation occurs when a ROW

3 Hardwood is a conventional term for all deciduous (broad-leaved) trees belonging to the botanical class Angiosperm. Softwoods, 
also commonly referred to as evergreens and conifers, belong to the botanical class Gymnospermae (and are practically confined to 
the order Coniferae) do not posses this regenerative trait (with one lone exception in the northeast — pitch pine), and once cut below 
the lowest whorl of live branches will not resprout.

4 Many variations of these two techniques exist.
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fee owner or adjacent land owner productively uses the 
ROW in a manner compatible with the electrical facili
ties, and this use usurps the potential development of 
tall growing trees. The most common ROW multiple 
uses often involve various types of agricultural^ activi
ties, i.e., crop production, pastures for grazing live
stock, and within certain height limitations even 
Christmas tree plantations and some types of orchards. 
Those agrarian activities, as well as many other types 
of allowable industrial, commercial and residential 
multiple uses, which effectively curtail the opportunity 
for any tall growing vegetation to become established 
can thus eliminate completely the burden for any ROW 
vegefafion management by the utility. However, any 
use of fhe ROW that allows even one tree capable of 
growing up into the electrical lines, e.g., hedgerows 
between cultivated fields, requires due diligence by fhe 
utility to prevent an electrical discharge.

Biological Controls
One of fhe principle goals of ROW vegetation manage
ment is to promote low-growing relatively stable 
(long-lived) plant communities, which consist of nu
merous species of woody shrubs, herbs (forbs and 
grasses), ferns, etc. on the ROW. These low-growing 
plant communities are a very desirable ROW accessory 
in that they inhibit both tree establishment and their 
subsequent growth by directly competing with the tall 
growing species for the available site resources (sun
light, water, and nutrients). Thick low-growing plant 
communities, which hinder tree seed germination and 
the early development of the undesirable tree seedlings 
and small tree saplings, act as the biological control 
agents in this IPM/IVM strategy.

There may even be some indirect biochemical inter
actions, called allelopathy, occurring among various 
plants that result in a chemical competition of sorfs 
befween certain lower growing desirable ROW species 
and some of fhe tall growing tree species. Allelopathy 
has been defined as fhe influence of one planf on an
other via the production of natural growth inhibitors. 
Currently there exists only a limited understanding of 
this ability of plants to produce and release phytotoxic 
substances that can then be translocated to other plants 
and curtail certain critical physiological functions such 
as growth and reproduction. These naturally occurring 
"herbicides" offer yef anofher pofential beneficial as
pect of the biological controls in assisting the ROW 
vegetation manager to curb the spread of fhe undesir
able tall growing trees.

In addition to their immediate benefits to the utility 
of reducing the undesirable tree population, these low- 
growing plant communities offer an assemblage of plant 
species that provide diverse and productive habitat

conditions for a wide variety of wildlife, e.g., birds and 
mammals. Managed ROWs creafe habitats that provide 
wildlife food and cover values that are remarkably 
different, and often surpassing, those of the neighbor
ing forest. Also, this juxtaposition of fwo different, but 
complementary plant communities (one perpetually 
kept in a low-growing condition and the other usually 
a forest) produces what is known as the "edge effect." 
This effect enhances wildlife profusion, i.e., abundance 
and diversity, in the boundary area transition zone 
(ecotone) between these two distinct habitat types. 
Some of the new and more numerous wildlife species 
attracted to these enhanced ROW created habitats pro
vide yet another beneficial funcfion of further reducing 
tree establishment and growth through their collective 
herbivory, e.g., browsing by deer and rabbits on young 
trees, girdling of tree seedlings by voles, and tree seed 
predation by mice.

Monitoring
As explicitly called for in an IPM program, moniforing 
of the pest population involves the following ifems:
-  Regularly checking the area;
-  Early detection of pesfs;
-  Proper identificafion of pests; and
-  Noting the effectiveness of biological confrols.

The ROW vegetation managers of the NYPP mem
ber systems routinely carry out all of fhese monitoring 
activities as an integral part of fheir electric utility ROW 
vegetation management programs. Monitoring proce
dures have been integrated into the Public Service 
Commission approved "Long Term ROW Management 
Plans" developed by each member system. Monitoring 
activities include an evaluation of the previous treat
ments to determine overall program effectiveness as 
well as the current condition of fhe ROW so as to 
ascertain when the next treatment should occur and by 
what means. All of these procedures are part of a sound 
IPM/IVM strategy. ROWs throughout New York State 
are regularly inspected to determine the height and 
density of the tall growing target tree species as well as 
the condition of the lower growing vegetation. Inspec
tion results help determine, to a large extent, the timing 
and type of ROW vegetation treatment that the utility 
implements.

These field inspections also serve another important 
function, i.e., the fulfillment of a quality assessment/ 
quality control (QA/QC) program. This QA/QC com
ponent of fhe ROW vegetation management program 
provides feedback as to the conduct of the field crews 
regarding their adherence to the work specifications as 
well as to determine the longer-term efficacy of fhe 
treatments. In addition to the routine utility monitor
ing, the Department of Public Service staff annually

5 It should be noted that most agricultural pursuits require the use of significant amounts of various pesticides, e.g., insecticides, 
fungicides, herbicides, etc. on an aimual basis. Thus, the total quantities of pesticide applications will often dramatically increase on 
those ROW areas converted to farm land as compared to the spot treatments of herbicides once or twice a decade by the utility.
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inspects the results of the company ROW vegetation 
management programs to insure compliance with all 
regulatory mandates.

Identifying the undesirable tree species is a critical 
component of an IPM/IVM program. With hundreds 
of species present on a ROW, all vegetation treatment 
personnel must be sufficiently knowledgeable of plant 
species to enable them to readily distinguish between 
target trees to be treated, and all non-target desirable 
low-growing species to be left as undisturbed as possi
ble. Based upon field inspections, the type of vegeta
tion treatment will also be determined in large part by 
the distribution and abundance of the lower growing 
species. For instance, when thickets of shrubs, such as 
viburnums or dogwoods, are present together with 
only a few target tree stems, the highly selective stem 
specific application of herbicides would produce the 
most acceptable results. The use of mowing or conven
tional high volume broadcast foliar spraying of herbi
cides over such a ROW segment containing only a few 
target species would be quite disruptive to the existing 
desirable low-growing vegetative cover. Such an ecologi
cal disturbance would unnecessarily leave the ROW in a 
much more open and vulnerable condition thereby actu
ally enhancing the ROW site conditions for the eventual 
re-establishment of undesirable trees as well as signifi
cantly reduce its aesthetic and wildlife values.

Assessment
Assessment is the process of determining the potential 
for pest populations (target trees) to reach an intoler
able level. For ROW vegetation managers, the most 
opportune time to eradicate target trees is well before 
they reach the height of the overhead electrical lines. 
From an assessment perspective, an effective 
IPM/IVM strategy needs to: (a) prevent any interrup
tion of electrical service and avoid risk of injury to the 
public, (b) treat the target species at their optimum 
height range of five to ten feet or as they emerge from 
the lower growing plant cover (at this stage they can be 
conveniently treated with limited amounts of herbicide 
so as to achieve the highest degree of control possible), 
(c) cause the removal of the target tree species before 
they become tall and dense enough to begin to crowd 
out and adversely alter the composition, structure and 
density of the desirable lower growing vegetative 
cover and (d) minimize any direct disruption by the 
treatments themselves to the existing desirable ROW

plants so they continue to occupy the ROW and func
tion as biological controls.

Control measures
IPM strategy dictates that once a pest population has 
reached the intolerable level action should be taken. 
Under an IPM program, chemical pesticides are used 
as a control measure when no other strategies will 
bring the pest population back under the economic 
threshold. In fact, the success of IPM often occurs by 
waiting until a pest population reaches this threshold 
and then often hinges on the availability of a pesticide 
to bring the pest population back under control 
quickly. For ROW vegetation management the pest 
population consists of only the target tree species that 
meet certain critical height^ characteristics. Only those 
trees that have emerged from the lower growing plant 
"canopy" need to be selectively removed; thus many 
small tree seedlings may remain untreated, submerged 
within the low-growing plant community on the ROW. 
Most of these small tree seedlings, left fully submerged 
within the dense low-growing understory vegetation, 
will never fully develop into trees as they will succumb 
to the surrounding competitive pressures of the lower 
growing desirable vegetation and its associated biotic 
agents, e.g., animal herbivory. An additional positive 
attribute of this biological control feature occurs when 
those few remaining target trees that finally "escape" 
from the low-growing plant community only do so 
after a considerably longer time period than would 
normally happen under relatively (open) unencum
bered circumstances. This helps to extend the duration 
between ROW vegetation treatments.

The choice of treatment technique as well as the 
explicit mode of application to ensure adequate control 
of the target tree species are also important aspects of 
selective ROW vegetation management that uniquely 
qualifies IVM as an IPM approach. As part of an 
IVM/IPM program, herbicides are used only to treat 
individual tree sterns or groups of target trees, and no 
aerial or ground broadcast applications (uniformly 
spraying the entire ROW) are used in New York State 
today. Herbicides that are used on ROWs are matched 
to site specific characteristics and target species, and 
the products are selected from dozens of commercially 
available materials based upon various attributes such 
as efficacy, toxicity, cost, etc. Furthermore, once a spe
cific herbicide is selected for application, its efficacy can

This "critical tree height" is determined "electrically" by the distance between the tip of the tree and the overhead electric line with 
consideration for the voltage of the transmission facility, at any given point on the ROW. The higher the line voltage the more 
"clearance that is necessary around the conductors which is often refereed to as the wire security zone. For instance a 765 kV Ime 
requires about 25 feet whereas a 115 kV line needs about a 10-foot wire security zone. Also, as the voltage of the transmission facility 
increases the minimum wire distance from the ground likewise increases. The minimum conductor sag at mid-span allowed for a 
765 kV line is about 50 feet from the ground whereas a 115 kV line only requires a height of 25 feet from the ground. Finally, the 
location of the tree on the ROW will determine the distance to the conductors and the resulting allowable maximum tree height that 
can be tolerated at that particular point. Trees located near the edge of the ROW or close to tall towers can be allowed to grow taller 
than their compatriots located in the center portions of the ROW near conductor mid-span which is within the area of maximum Ime 
sag, i.e., where the line is closest to the ground.
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be further enhanced (and its environmental impact 
minimized) by proper timing and selection of the most 
suitable method(s) of treatment (including integration 
with mechanical controls) together with choosing the 
most appropriate formulation and dosage rate.

The option of non-chemical mechanical clearing of 
the ROW; by hand cutting with chainsaws, mowing 
with large machines like a hydro-axe or even using 
massive earth moving equipment in a stump/soil 
shearing operation, is an available alternative to pro
vide added protection for those ROW segments occu
pied by or located close to sensitive land uses or 
containing special resources. These designated ROW 
locations can be granted this extra protection through 
the judicious use of "no spray zones" or "set back 
distances" which are often referred to as "buffer zones" 
where herbicide use is not allowed. The determination 
not to use herbicides can be made by the ROW man
ager on a site specific basis or through general com
pany policy even when such herbicide use is allowed 
by law, regulation, and label conditions. The discretion 
to employ buffer zones as well as the selection of the 
appropriate set back distances, must be made in a pru
dent manner since all the mechanical alternatives will 
inevitably cause an increase in the number and vigor of 
incompatible tree species on those portions of the ROW 
so treated. However, the opportunity to employ me
chanical clearing of the ROW is an available option for 
the ROW manager on specifically chosen ROW seg
ments with certain predetermined characteristics that 
warrant this treatment. Herbicide usage can be re
stricted in deference to specific notable ROW resources 
or as a consideration to particularly sensitive land use 
conditions while still maintaining the overall goals of a 
sound, long term, and effective IVM program when 
viewed from a system-wide perspective.

Even in certain ecologically sensitive areas, the selec
tive use of herbicides may be apropos provided the 
appropriate precautions are taken. For instance, when 
treating vegetation in or adjacent to designated wet
lands, a herbicide with the appropriate characteristics, 
e.g., an aquatic label, could be selected. However, to 
assure that virtually no surface water contamination 
occurs (irrespective of any allowable label statements) 
buffer zones can be prescribed around streams, lakes, 
wetlands, and other sensitive water resources. Studies 
have shown that buffer zones of only 10 to 25 feet can 
effectively curtail the deposition of airborne spray par
ticles and the movement of the herbicide by runoff into 
surface water resources. A dense stand of vegetation in 
the buffer zone will further reduce the linear distance 
of buffer zone necessary as will very stem specific 
treatment techniques. Conversely, sparse vegetation in 
the buffer zone and high volume treatments will in
crease the distance of the buffer zone required to insure 
abatement of any herbicide movement. All established 
NYPP member system specifications for their buffer 
zones well exceed these threshold conditions.

ROW CONVERSION

One quite unique aspect of IPM, as applied fo the 
management of ROW vegetation, is the relative long 
term nature of the desired effects and the timeframe 
required to assess the consequences of acfions faken. 
Although, mechanical removal of the tall growing trees 
will physically eliminate the immediate threat to elec
trical reliability and public safety, this method only 
serves to perpetuate the long term tree problem and 
exacerbate future ROW maintenance requirements. 
Typically, mechanical tree removal will result in the 
need for more cutting as frequently as every two or at 
most four years. After several mechanical treatments, 
i.e., over a number of ROW treatment cycles, the collec
tion of tree stems requiring control can easily increase 
to over 20,000 stems per acre. Similarly, when a new 
ROW is cleared and all vegetation is allowed to grow 
back naturally, the target tree densities will likewise 
increase to very high levels in only a few years after the 
initial tree removal operations and prior to any herbi
cide application.

When herbicides are used over several treatment cy
cles, the period of time between treatments can usually be 
elongated to five to eight or more years and concurrently 
the number of stems to treat each cycle becomes fewer. 
Herein lies the truly unique aspect of ROW vegetation 
management from an IPM/IVM perspective; the treat
ment of vegetation with herbicides must be viewed over 
the long term to fully grasp the significance of this 
system in reducing the target tree population that will 
also reduce the use of chemicals and concurrently in
crease the effectiveness of the biological controls, i.e., aU 
the lower growing plants that volunteer to occupy the 
ROW. For example, when a new ROW (or an older ROW 
that has received only mechanical treatments) is first 
treated the amoxmt of herbicide needed for proper cover
age of the numerous target trees may be in the order of 
about two to four gallons of concentrate per acre. The 
following treatment, four to five years later, may require 
about half that amount because the number of farget 
species has been reduced and the lower growing desir
able vegetation is beginning to exert its influence on the 
ROW vegetation dynamics. The next treatment, in five to 
six years, will continue this downward trend in herbicide 
usage until subsequent treatments produce "nearly" a 
tree-free ROW requiring a minimum of judiciously ap
plied herbicide to produce the desired effect. At this stage 
the low-growing vegetation is firmly established and of
fers a relatively stable condition that effectively inhibits 
the rapid resurgence of trees. However, in order to per
petuate this highly desirable minimum maintenance 
ROW condition, when new trees begin to emerge (as 
they most certainly will from the tree seed sources off 
the ROW) these target trees must still be controlled 
through the diligent efforts of the ROW vegetation 
manager to preclude their full development and ulti
mate dominance over their lower growing associates.
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This process of "conversion" from a ROW that is 
literally filled with trees to one that is dominated by 
lower growing vegetation with only a few remaining 
tree stems capable of growing into the overhead elec
tric lines is not a simple one step process, but requires 
an extended program commitment and adherence to a 
long range vegetation management plan. Each phase in 
the ROW conversion process can be quite complex 
depending in large part upon the target species mix 
coupled with tree height and density together with the 
abundance and distribution of the low-growing vege
tation as well as other site specific characteristics. As 
the stem density of the target species is reduced with 
each passing treatment cycle, the type of treatment 
chosen can then become more selective. Finally, after 
several treatment cycles when the ROW is occupied by 
a low density of target trees and the conversion process 
virtually completed some continuing herbicide use will 
still be required, but the focus at this stage shifts to 
selecting techniques which offer the minimum amount 
of disturbance to the desirable lower growing vegeta
tion, i.e., the biological controls.

GENERAL CONSIDERATIONS

The use of herbicides by the NYPP member systems is 
subject to regulation under the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) administered 
by the U.S. Environmental Protection Agency (EPA) 
and Article 33 of the New York Environmental Conser
vation Law (ECL) administered by the Department of 
Environmental Conservation (DEC). Pursuant to FI
FRA regulations, no herbicide may be marketed, dis
tributed, sold or advertised imtil it is registered by the 
EPA. After many years of product development, ad
vanced toxicology studies and field testing, the pesti
cide manufacturers submit to EPA thousands of pages 
of research data that are compiled into a registration 
application. From this voluminous registration data, 
the manufacturer develops a proposed product label 
that identifies the pest or pests that the product will be 
effective in controlling and provides complete instruc
tions for correct use, handling, and disposal of the 
product as well as other information required by FIFRA. 
In New York State, the DEC has the responsibility for 
establishing regulations and standards for the registra
tion of pesticides, the certification of pesticides applica
tors, and all other matters pertaining to pesticide use as 
well as the responsibility for enforcement of all it's 
regulations and standards.

Other Federal, State and even local laws and their 
resulting regulations may impinge on the manner in 
which ROW vegetation management activities will oc
cur. As mentioned previously, wetland protection re
quirements can have a pronounced effect on the types 
of vegetation management techniques chosen. Consid
erations for the protection of endangered or threatened

species and their habitats can similarly become a domi
nate concern on some ROWs. For instance, the nurturing 
of the state endangered Karner blue butterfly and its 
requisite plant, the blue lupine, has resulted in consid
erable evaluation of selected ROW herbicide use in the 
preservation and enhancement of the habitat condi
tions necessary for the survival of this endangered 
species of butterfly. Even the State requirements for 
management of river corridors under the Wild and 
Scenic Rivers Act provides definitions and require
ments for IPM. Local ordinances, zoning mandates, as 
well as property owner concerns may sometimes play 
a critical role in the selection of ROW vegetation man
agement techniques, e.g., the control of noxious weeds, 
poisonous plants, and allergy producing pollinators. In 
some instances compliance with provisions of the Fed
eral Noxious Weed Act may require action on the part 
of utility ROW vegetation managers to prevent the 
spread of listed deleterious weeds. For example, the 
control of infestations of the introduced weed, purple 
loosestrife, which threatens the biological integrity of 
North American wetland ecosystems by displacing na
tive vegetation is a goal shared by the electric utility 
industry with both state and federal environmental 
agencies.

Prevention of non-point sources of pollution and 
storm water discharge requirements
Another important regulatory program that can directly 
affect the choice of ROW vegetation management prac
tices available under IPM/IVM is found within the 
authority of the Clean Water Act as amended by the 
Water Quality Act of 1987 and involves the control of 
Non-point sources of water pollution along with some 
aspects of the permit requirements for stormwater dis
charges for point sources resulting from construction 
activities. These regulatory programs focus on water 
quality issues, i.e., the prevention and control of water 
pollution. In both programs, as they apply to the ROW 
maintenance situation, the focus is on using manage
ment practices to prevent, reduce, minimize or other
wise control the availability, release, or transport of 
substances that adversely affect surface and ground 
waters. They both act generally to diminish the genera
tion of potential water pollution emanating from 
sources on the ROW.

The control of non-point sources of pollution is ac
complished through the identification of "best man
agement practices" (BMPs) and their implementation 
on a site specific basis using best professional judgment 
and experience. The control of stormwater discharges 
which can be considered as point sources due to their 
collection of runoff into a single outlet, e.g., a culvert or 
ditch, are similarly treated by the requirement to pre
pare a "Stormwater Pollution Plan" under the auspices 
of a SPDES (State Pollution Discharge Elimination Sys
tem) General Permit. This plan essentially enumerates 
the BMPs that will be used to prevent and/or control
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polluted runoff from occurring. Neither of these pro
grams imposes effluent limits for specific substances, 
rather they provide for an effective means of reducing 
or preventing the impact of pollution generated from 
land management activities. In addition to the ROW 
managers primary concern of minimizing pesticide re
lated impacts within the context of an IPM strategy, 
these two somewhat interrelated regulatory programs 
broaden the environmental concerns arising from IVM 
to encompass other pollution control objectives. Thus, 
both of these clean water related programs can directly 
influence the decision making process of the ROW 
vegetation manager and in some cases virtually dictate 
the menu of treatment choices available.

The most common potential source of pollution aris
ing from a ROW is erosion and the resulting generation 
of sediment causing siltation in streams and other wa
terbodies. Sedimentation from all sources is a major 
water quality degradation issue in New York State. 
Also, the loss of soil nutrients and their entryway into 
surface watercourses or groundwater by excessive 
leaching or as attached to sediment particles is likewise 
an important water quality concern. Both of these ma
jor sources of water pollution can be generated from 
ROW if bare soils are present or insufficient plant cover 
occurs. Therefore, in choosing ROW vegetation man
agement techniques, particularly on steep slopes or 
other areas of high erosive potential, e.g., riparian 
zones, the ROW vegetation manager must be con
cerned with their effects on the local hydrology. Vege
tative disturbances resulting in bare surfaces or 
exposed soils and the degree to which vehicular traffic 
movement occurs causing rutting can become limiting 
factors in the selection of target tree control methods. 
For instance, mowing with a hydro-axe on a steep slope 
or along a streambank could cause erosion by vehicular 
rutting as well as through denuding the site by exces
sive removal of vegetation.

The imposition of these regulatory programs to pre
vent and/or control sources of potential degradation of 
water resources arising from ROW vegetation manage
ment activities results in the following two general 
precepts: (1) maintain as complete a vegetative cover as 
possible at all times, and (2) keep exposed soil and any 
soil disturbance/compaction operations to a minimum 
especially in critical areas. By keeping these two rela
tively simple fundamental principles a host of positive 
attributes can be ascribed to the ROW vegetation man
agement program including: (1) dense low-growing 
vegetation on the ROW will act as filter strips for the 
surrounding area thereby decreasing overland flow, 
increasing soil water percolation and removing pollut
ants, (2) complete vegetative cover on the ROW will 
stabilize soils and prevent erosion and sediment trans
fer, (3) minimizing soil compaction by restricting 
heavy vehicular traffic on the ROW decreases the 
amount of surface water generated on a given area and 
thus reduces the volume of stormwater runoff, and (4)

avoidance of any soil disturbance on the ROW will 
reduce or eliminate the need for amelioration activities 
that would otherwise be required under these clean 
water programs to restore the disturbed area to its 
original slope, soil compaction, ground cover, and hy
drologic condition.

ROW management research
IPM is never a finished or static process. As fresh data 
become accessible and new knowledge is obtained 
about the pests in question and the various control 
treatments available, the specifics and details of the 
currently acceptable IPM strategies will naturally be 
altered and thus subject to constant modification. IPM 
practitioners can aid and abet this dynamic adaptation 
and improvement process through conducting research 
on new and promising control strategies. Also needed is 
the constant reappraisal of existing techniques in order 
to modify them to produce even more efficacious results. 
The member systems of the NYPP have individually 
conducted research into IPM related ROW management 
matters but even more so collectively, through the aus
pices of the Empire State Electric Energy Research Cor
poration (ESEERCO), have collaborated on numerous 
research projects over a two decade span of time in
volving many diverse aspects of ROW vegetation man
agement. These studies were conducted on a wide range 
of subjects and a host of issues important to utility 
ROW managers in their execution of ecologically 
sound and cost effective IPM/IVM programs.

Beginning with a literature review in 1973, this ex
tended ESEERCO ROW management research pro
gram has included projects on ROW treatment cost 
comparisons, long term effectiveness, ROW treatment 
cycles, herbicide fate and mobility, allelopathy, ROW 
multiple uses, buffer zones, soil compaction and miti
gation, repeated mechanical cutting effects on vegeta
tion and costs and the effects of ROW treatments on 
wildlife. Two recent multi-year studies are only now 
just concluding; ROW Vegetation Dynamics conducted 
by the Institute of Ecosystem Studies and ROW Stability 
by the State University of New York College of Envi
ronmental Science and Forestry. These numerous and 
diverse research projects have greatly assisted the 
NYPP/ESEERCO members to focus their ROW Vege
tation Management Programs on the most cost effec
tive and least disruptive techniques while allowing 
them to tailor the research results to their own individ
ual company circumstances. The latest ROW research 
effort currently being contemplated by the NYPP/ 
ESEERCO member systems involves the establishment 
of permanent ROW Demonstration areas under which 
the results of various vegetation management ap
proaches can be continually monitored and evaluated 
over time and concurrently used as a showcase to por
tray the evolving ROW vegetation composition as the 
a function of a specific treatment regime.
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SUMMARY REFERENCES

The overall goal of a utility ROW vegetation manage
ment program is to provide for the safe and reliable 
transmission of electric power in an economic and en
vironmentally compatible manner. This lofty goal 
translates "on the ground" into the vegetative conver
sion of a strip of land, i.e., the ROW, often initially 
found filled with tree saplings to a ROW corridor that 
harbors mainly a profusion of lower growing species. 
This goal is currently being achieved in New York State 
by the implementation of sound IPM/IVM programs 
at each of the eight member systems of the New York 
Power Pool. To paraphrase applicable IPM terminology; 
ROW vegetation managers use multiple tactics to prevent 
pest (tree) buildups that could endanger electric system 
reliability and public safety by: monitoring pest (tree) 
populations, assessing the potential for damage (system 
reliability, public safety, preservation of the biological 
controls), and making professional management and 
control decisions, considering that all pesticides (herbi
cides) should be used judiciously. ROW management 
decisions depend in large part upon the mix of target 
species, the height and density of the dominate individ
ual stems, and the abundance and distribution of the 
low-growing desirable species. As the number of differ
ent target species is reduced and their stem density de
creases with each passing treatment cycle, the type of 
vegetation treatment performed can become more selec
tive with the attendant benefit of reducing the amount of 
herbicide needed to maintain the ROW. Thus, after sev
eral treatment cycles, when the ROW is occupied by a 
greatly reduced number of target trees, some herbicide 
use will still be required but the focus now shifts to 
selecting techniques with the minimum amount of dis
turbance to the lower growing vegetation.

It should be stressed in closing that this ideal ROW 
condition of a "minimum maintenance" ROW (com
posed almost entirely of low-growing plants) to be 
achieved through the attentive implementation of an 
IVM/IPM program, is simply just that; minimum not 
zero maintenance. Although the low-growing plants 
will help immensely in precluding the growth of trees, 
due to the pressures of natural plant community suc
cession that ultimately will occur, these voluntary bio
logical controls can never be expected to fully exclude 
trees over long periods of time from invading the ROW 
and exploiting their well defined ecological niches. 
Even after many treatment cycles using herbicides, 
when the ideal ROW condition is seemingly achieved, 
if the ROW is left untreated or if mechanical methods 
are resorted to, the ROW will revert rather quickly to a 
tree dominated landscape and all the attendant bene
fits of a stable low-growing mosaic of desirable ROW 
vegetation will be lost. These attendant benefits include 
species diversity in an aesthetically pleasing setting with 
increased wildlife abundance while protecting soil and 
water quality values.
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Effective Integrated Vegetation Management

Shirley D. Morrow

Integrated vegetation management (IVM) combines manual activities, mechanical tools, and 
chemical applications with cultural and biological methods to develop a vegetation community 
that requires minimal maintenance and benefits wildlife and it's habitat. Today, manual, mechani
cal, and chemical methods are the most often used vegetation management techniques. The 
primary objective of IVM is to minimize vegetation-related power outages while lowering the cost 
of future maintenance activities. The IVM plan will identify the environmental constraints and give 
the vegetation manager flexibility in management methods used. With this, today's vegetation 
manager must wear many hats—public relations representative, budget manager, environmental 
steward, and research and development specialist are just a few. Properly executing integrated 
vegetation management practices using a combination of these methods results in the conversion 
of rights-of-way to a plant community requiring minimal maintenance activities in the future. 
Integrated vegetation management balances service reliability, environmental compliance, and 
customer service while lowering the cost of maintenance over time.

Keywords: Vegetation management, rights-of-way, right-of-way maintenance, herbicide, right-of- 
way management, integrated vegetation management, utility right-of-way management, wildlife 
habitat

NEED FOR ELECTRICITY AND MANAGEMENT OF 
RIGHTS-OF-WAY

Need for electricity
Historically, the amount of electric power used in the 
United States has been doubling about every five years. 
The per capita consumption of electric power has been 
increasing roughly five times as fast as the population 
growth (Gardner 1980). There is little doubt that the 
electrical load growth will continue. The challenge is 
supplying a growing consumer demand for electricity 
while minimizing the impact of the necessary genera
tion and transmission facilities on land use, on the 
environment, and on other aspects of society.

New and complex challenges face the utility vegeta
tion manager due to the steady increase in electrical 
power demands and the necessity for greatly enlarged, 
reliable and economical electrical systems. Increasing 
pressures on urban land use exacerbate the problem. 
The primary objective of the utility vegetation manager 
is to minimize the frequency and duration of vegeta
tion-related outages and to lower costs of future main
tenance activities.

Why manage rights-of-way?
The purpose of managing vegetation within utility 
rights-of-way is to reduce the potential for outages 
caused when contact with a line causes a fault. A com
prehensive management plan provides for ready ac
cess for maintenance and emergency repairs. Service 
can be interrupted by two main types of faults, short 
circuits and flashovers. Short circuits result when di
rect contact occurs between an energized conductor 
and another conductor or a grounded object such as a 
tree. Flashovers are electrical discharges or currents 
through the air that result when conductors come too 
close to each other or to grounded objects such as 
vegetation (Kroodsma 1985).

The primary means of preventing faults is to main
tain adequate clearance between the conductors and 
other objects such as trees or buildings. Therefore, the 
utility must remove tall trees within or adjacent to the 
rights-of-way which could come in contact with the 
conductors. Such trees are called danger trees.

Vegetation control is a requirement for electric utili
ties to assure safe and reliable electric service. The 
control of vegetation, mainly tall trees, in power line
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rights-of-way is a significant budget item. According to 
some estimates, U.S. electric utilities have spent over $2 
billion dollars annually on vegetation management ac
tivities to maintain the reliability of high-voltage 
power lines. Reliability is of paramount importance. 
Customers and regulators demand it. The challenge is 
to weigh the cost against issues such as herbicide use, 
habitat protection, and public acceptance of herbicide 
use on rights-of-way. This situation makes vegetation 
management an extremely complex function. Utilities 
are dealing with this complexity through integrated 
vegetation management (IVM). IVM techniques can 
streamline costs and increase the list of management 
options in innovative ways.

INTEGRATED VEGETATION MANAGEMENT 

What is it?
The term Integrated Vegetation Management (IVM) 
has been around for years but has only recently been 
picked up and widely used in the utility industry. The 
term was born out of two other widely used terms: 
integrated pest management (IPM) and integrated weed 
management (IWM). IPM is a popular term which is 
still used in the utility industry but is recognized more 
widely when discussing insects. IWM is used by the 
Bureau of Land Management, among others, when 
discussing the control of noxious weeds and non-in- 
digenous or exotic plants in pasture or rangelands. 
IVM is a combination of these two terms and refers to 
the management or control of the "pest", tall growing 
vegetation which is capable of attaining heights above 
the designated safety clearance and noxious weeds that 
electric utilities are required to control.

Five Management Methods
Integrated management refers to joining together dif
ferent management methods into a management plan 
for effective vegetation management on a specific 
right-of-way. The five management methods are:
1. Manual — the use of physical labor to control vege

tation growth such as chain saws, brush hooks, ma
chetes, or shovels.

2. Mechanical — large industrial mowers, tractors, log- 
skidders, kershaw, and hydro-axe.

3. Chemical — herbicides or growth regulators ap
plied by selective or broadcast methods. Treating 
selectively the individual plants is the preferred con
trol method.

4. Cultural — the introduction of desirable "low-grow
ing" species onto the rights-of-way.

5. Biological — the introduction of a plant, pathogen, 
microorganism, etc., that has an allelopathic re
sponse to competing vegetation. Allelopathy means 
the suppression of growth of one plant species by 
another due to the release of toxic substances. Other 
biological controls include the use of beetles to con

trol purple loose strife (Malecki 1993) and natural 
controls such as herbivory (Canham 1994) and seed 
dispersal by birds and ruminants.
Manual, mechanical and chemical methods are the 

most often used for IVM. There has been little research 
conducted on managing rights-of-way biologically. 
This method would seem innovative and environmen
tally friendly, but in practice it has usually performed 
either poorly or inconsistently (Hallmark 1996).

The goal of IVM is to selectively eliminate vegeta
tion which may potentially short circuit overhead con
ductors on the rights-of-way. This should be 
accomplished at the lowest possible cost to the con
sumers with regard for worker safety, protection of 
public health and with minimal adverse effects on the 
environment, especially the protection of environmen
tally sensitive areas. In order for IVM to be effective, 
the vegetation manager must have a plan.

THE INTEGRATED VEGETATION MANAGEMENT 
PLAN

Goals and objectives
It is important for the utility vegetation manager to 
define and utilize an IVM plan. Long range goals need 
to be set. Conversion of the rights-of-way to a managed 
state is not a one step process, rather it takes years. The 
primary goal is the control of vegetation on rights-of- 
way and establishment of standard operating proce
dures to ensure the maintenance of safe and uninter
rupted electric service. Access to the line must also be 
assured in order to permit routine and emergency line 
maintenance and operations which are essential to pre
serve continuity and reliability of service (Holyoke 1988).

One of the first needs is to determine the safety 
clearance of the line to the vegetation. This step will 
help determine what species of vegetation need to be 
controlled and where along the transmission line the 
control methods need to be used. The transmission of 
electricity depends on its passage through a conductor 
hung between structures and insulated from earth by 
air. The inherent weight of the conductor will produce 
a sag between structures. Heating and cooling of the 
conductor will also effect the sag. During times of high 
loading and high ambient temperature, the sag will 
increase to a maximum reached at mid-point in the 
span. If a wind force is then applied at right angles, the 
conductor will bulge downwind. Since electricity can 
arc to the ground, especially in moist weather, a mini
mum acceptable clearance must be established from 
any conductive object when all of these factors are in 
force (Gardner 1980).

As part of the IVM plan, a policy of clearance should 
be prepared and individually tailored for each trans
mission line or section of line. The policy would specify 
when and where to remove danger trees. The protec
tion policy must take into consideration the designed
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sag at maximum loading, conductor blowout under 
high wind conditions, right-of-way access, climate and 
site conditions, and the rate of growth and density of the 
trees present. The condition and age of the individual 
trees are also important considerations (Gardner 1980).

The IVM plan should include the desired vegetation 
composition goal for the right-of-way. This would in
clude small trees, shrubs, grassland, wildflower, forb, 
fern, and moss areas. Objectives might include the per
centage of each type of plant material desired in a well 
managed state along the rights-of-way.

Another objective is to categorize the existing vege
tation as either enhancing or endangering (Gardner 
1980). Vegetation can enhance or be compatible to the 
right-of-way. Vegetation plays an important role in 
preventing erosion and stabilizing disturbed ground 
after construction, which is why utility managers 
should retain as much existing, desirable (low-grow
ing), native vegetation when clearing new right-of-way 
as possible. Vegetation can soften the harsh outline of 
lattice towers, mediating the size of structures toward 
human scale. Vegetation can screen right-of-way cuts 
in wooded country and it can enhance the habitat and 
food diversity for wildlife in a given area.

Undesirable (endangering) vegetation extends to a 
height that encroaches into the safety clearance zone or 
which may fall into the conductor. This situation 
would cause forced outages, line tripping, or conduc
tor flashovers. Other types of undesirable vegetation 
would include poisonous plants and noxious weeds. 
The control of vegetation requires a two-pronged ap
proach. The manager must manipulate and encourage 
some species and control, suppress, or eradicate other 
species, in order to facilitate the safe and continuous 
operation of the electrical system.

Other objectives that must be considered in devel
oping management strategies include: corporate compli
ance with pertinent legislation; protection of the 
natural environment; understanding the social envi
ronment including the utility customers; preservation 
of the clearing design concept; and accomplishment of 
the whole in the most judicious and economical man
ner when viewed over the long term. For the most part, 
neither company management nor the public would 
question the necessity for some type of vegetation 
management. The major area of disagreement concerns 
how control should be obtained and what type of plant 
commimities should be developed and maintained.

Environmental considerations
The IVM plan should incorporate different manage
ment alternatives for different landscape situations. 
The ideal plan would include the use of manual, me
chanical, and chemical methods with cultural and bio
logical methods used if applicable following proven 
research. The methods chosen should take into consid
eration the impacts of each method on the environment 
where it would be applied.

Environmental constraints
The first step is to identify the environmental con
straints of the rights-of-way for which the IVM plan is 
being designed. These constraints may be due to the 
potential impacts on soil, slope, geology, hydrology, 
wildlife, land use, visual character, or access that each 
of the management methods may cause. The IVM plan 
should take into account all these constraints when 
selecting the different management methods for the 
specific areas.

The different management methods have different 
impacts on each of these environmental elements. Soils 
need to be considered for their erodability potential 
from mechanical clearing and their runoff and leaching 
potential from herbicide methods of vegetation man
agement. Slope will be a factor in erosion and runoff as 
well as vehicular access for certain management meth
ods. The geology and hydrology of the area should be 
considered when evaluating herbicide use and for new 
construction. There could be constraints as to the use of 
certain persistent and highly mobile chemicals in areas 
of karst formations or in waterways. There are specific 
herbicides labeled for use in these areas. Threatened, 
endangered, or sensitive wildlife may pose a con
straint. Certain vegetation management methods 
could impact identified or designated critical habitat 
for wildlife as well.

The type of land use in the right-of-way can limit the 
need for vegetation management and should be an 
important part of the IVM plan. If the right-of-way 
could be maintained or converted to a land use such as 
agriculture, recreation, or open space in a residential 
development, then it would be specifically maintained 
according to the dictates of that use.

Visual constraints would include vegetational buff
ers along roads, trimming in residential areas and land
scaping at substations to soften the distinction of the 
managed vegetation against the adjacent forested ar
eas. Access is essential for maintenance of the right-of- 
way and the transmission line itself, but it should be 
designed for limited access by utility vehicles only with 
access controls to limit trespassing by other off-road 
vehicles.

After the constraints and existing conditions are 
identified, then the method or methods of vegetation 
management for each section of transmission line may 
be developed. This in part will be dictated by the exist
ing vegetation. The plans should integrate as many 
management methods as possible to allow for adop
tion of the most appropriate one on a given site thus 
minimizing any impacts.

The use of herbicides
Research has been conducted over the last ten years to 
evaluate the impacts of herbicide use on utility rights- 
of-way compared to the impacts of the more widely 
used manual and mechanical methods. Recent research 
has shown a justification for selective herbicide use
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which includes: (1) better regulation of stem density 
and plant composition (Niering 1986); (2) unproved 
wildlife habitat (Bramble and Byrnes 1985, 1992a&b, 
1994,1996); (3) economics (Abrahamson 1991); (4) ero
sion control; and (5) less noise and air pollution. Other 
factors which help justify selective herbicide use are the 
more intensive herbicide regulations These include im
provements in chemical formulations, environmental 
monitoring where herbicides are used, and state testing 
and certification for chemical applicators. These stud
ies have produced ways to help reduce negative envi
ronmental impacts and support incorporation of 
herbicide use as a major component in the IVM plan.

There may be some areas which are herbicide sensi
tive. These herbicide sensitive areas are those sections 
of right-of-way where herbicides may only be used 
with extreme caution, only specific herbicides used, or 
may not be used at all due to environmental con
straints. Constraints may be due to the presence of 
threatened or endangered species, critical habitat, po
table water, or karst geology which usually has direct 
exposure to groundwater. Herbicide sensitive areas 
should be identified specifically in the IVM plan.

Although herbicides are used on agricultural land, 
forests, rangelands, and aquatic areas, as well as utility 
rights-of-way, they have been met with mixed reac
tions by the public. There are a number of non-ecologi- 
cal problems associated with the use of herbicides. 
These problems are people oriented, and can be classi
fied as either external or internal in origin. The external 
problems stem from adverse publicity concerning pes
ticides which has cast herbicides in a bad light. This 
problem of condemnation of all pesticides is due in 
large part to the inability of people to differentiate 
between the comparatively safe herbicides and the 
highly toxic insecticides which receive the majority of 
unfavorable publicity (Roberts 1969).

Unfortunately, the chemical manufacturers and us
ers have only had limited experience in counteracting 
this negative image that all pesticides are dangerous. 
The industry has occasionally intensified the negative 
perception of herbicides through the inept usage of 
chemical weed and brush killers and untimely applica
tions of herbicides on rights-of-way. These practices 
are internally oriented problems but have decreased in 
the recent years.

The innovative use of herbicides including new 
technology and methods has evolved significantly over 
the past decade as utilities have learned more about the 
alternatives to traditional methods of right-of-way 
management. Herbicide use can create public concern 
and become a public relations nightmare when im
properly applied or mismanaged.

Basic elements of the plan
A clear understanding of the biological processes is 
absolutely necessary before an adequate attempt can 
be made to prepare the necessary long term plans for

properly managed corridors through effective IVM. 
There must be an imderstanding of the dynamics of 
plant succession that lead to the current vegetation 
mix, as well as the succession that will take place after 
clearing. Managers must also understand what the im
pacts of each method of control have on the stability of 
plant communities.

Stabilized community development with shrub spe
cies has been shown to be possible and demonstrated to 
be ecologically and economically attractive (Niering 
1986). Selective vegetation control benefits wildlife habi
tat for many species of animals by encouraging plant 
communities that provide food and cover. This result has 
been proven through the multitude of research done by 
Bramble and Byrnes (1985,1992a&b, 1994,1996).

The IVM plan should also be designed to maintain 
acceptable appearance of the rights-of-way and to 
minimize erosion by allowing the development of low 
shrubs and ground cover. The low shrubs and ground 
cover will inhibit the re-establishment of target tree 
species. The result is to reduce the area which needs to 
be managed, thus reducing the management costs.

The plan must include the determination as to which 
vegetative species are considered enhancement and 
which are endanger. The plan should cover all environ
mental constraints and all management methods to be 
used under all conditions along the line. With herbicide 
use, the specific herbicides for each specific use area 
and for each specific vegetation species should be iden
tified, as well as mixing rates and application methods.

Maps are a critical element of any IVM plan. They 
should show the existing vegetation, what the vegeta
tion management method is for any given area, and all 
environmentally sensitive areas, especially herbicide 
sensitive areas. Maps could easily be created using a 
Global Positioning System (GPS) to locate the different 
vegetation species along the rights-of-way. The data 
could then be entered into a Geographic Information 
System (GIS) for map creation. The GIS system could 
also contain data on environmental constraints, soil 
types, slope, transmission line information, roads, wa
terways, and any other information associated with the 
rights-of-way.

The plan should also include the duration between 
treatments of the unwanted vegetation. Duration is de
pendent on vegetation growth rates which would vary 
with vegetation type, topography, climate, and precipita
tion. The vegetation control method would also affect the 
determination of the treatment frequency.

HOW TO MEASURE SUCCESS

The success of any vegetation management program is 
dependent on a comprehensive, accurate, open infor
mation network. Large utilities have increasingly so
phisticated management requirements. They should 
form a Vegetation Management Group with the appro
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priate staff which would specifically be responsible for 
vegetation management (Gardner 1980).

A utility vegetation program on rights-of-way must 
also embrace a variety of support services. The pro
gram should examine interactions between vegetation 
management and other related issues. The execution of 
a safe, economic, environmentally and aesthetically 
sound program should be built on the foundation of 
good planning and justifiable rationale. This rationale 
must be understood by both political and civil govern
ment and the public at large, if the underlying objectives 
of vegetation management are to be attained without 
social and misguided environmental disruption.

The success of the IVM plan will be realized after a 
few years of integrated management which will lead to 
a more stable vegetation community of desirable spe
cies which in turn leads to less intensive maintenance 
with less frequency. Low intensity, less frequent main
tenance will lead to less disturbance of the rights-of- 
way and less environmental impacts. The end result is 
less cost to the utility.

RECOMMENDATIONS AND CONCLUSIONS 

Recommendations
There has been an increase in research and discussion 
on effective IVM over the years. Although some New 
England states and New York have been practicing 
IVM for up to 20 years, there is a long way to go before 
the practices are known, understood, and accepted 
everywhere. Areas of continued research and develop
ment that are needed include:
-  safer herbicides both to humans and the environ

ment
-  better methods and equipment for application of 

herbicides
-  human and environmental safety implications of 

vegetation management
-  multiple use potentials for rights-of-way
-  restoration and biological controls; and
-  improved communication.
Another important recommendation for utilities is to 
compare their vegetation management program to the 
industry standard. The Environmental Protection 
Agency (EPA) has a Pesticide Environmental Steward
ship Program (PESP). PESP's goal is to reduce the risk 
and use of pesticides in the environment (Hallmark 
1996). Three principles of this program are identified as 
follows.
-  Use low-toxicity herbicides. They pose the lowest 

possible health hazard to the applicator and the 
environment.

-  Use low-volume application techniques. They re
duce the volume of product used on an acre-by-acre 
basis and target the undesirable species.

-  Continue to develop new technologies that improve 
ease of application, reduce worker exposure, and

improve delivery of the product to the target plant. 
Education and training are two of the most important 
aspects of the program. The EPA and several states 
offer training programs to educate applicators and 
vegetation managers about PESP principles and the 
development of IVM programs. There is a need for 
more training programs, not only to educate applica
tors and utility vegetation managers, but also the pub
lic. The public needs to be kept up-to-date on the 
newest technologies, new and safer herbicides, new 
research, and changes in the risk assessment data about 
the herbicides. Intensified educational programs 
should be designed to acquaint the public with the true 
nature of herbicides and to dispel the misconception 
that growth regulators and insecticides are the same. 
Such information will help to relieve the public's fear 
of the unknown and give them a better understanding 
of herbicides in general.

Conclusion
The utility vegetation manager is faced with new and 
complex challenges due to the steady increase in elec
trical power demands. IVM practices combine manual, 
mechanical, and chemical methods of vegetation man
agement with biological and cultural methods where 
applicable. The manager should identify the existing 
conditions and environmental constraints of the right- 
of-way and then tailor an IVM plan to produce a stabi
lized, low-growing, vegetation community.

The IVM plan should give the vegetation manager 
the option of different method of vegetation control 
under different circumstances for optimum vegetation 
management. This should achieve the goal of minimiz
ing the frequency and duration of vegetation related 
outages and provide environmental benefits while 
lowering the costs of future maintenance activities.
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Optimal Management Strategies for 
Biodiversity Within a Powerline Right-of-Way

Matthew C. Perry, Peter C. Osenton, Frederick W. Fallon,
and Jane E. Fallon

Management techniques used to control vegetation along a new 8.5 km (5.3 mile)-long powerline 
right-of-way located at Patuxent Research Refuge are being evaluated to identify changes in habitat 
that affect wildlife. Techniques include: complete mow, strip mow, low volume foliar spray, 
selective basal spray, and tree topping. One hundred and one bird species were recorded during 
line transect sampling along the right-of-way. Fifteen species were recorded in numbers greater 
than ten individuals per visit in at least one season of the year. Nine species of mammals were 
trapped in live traps during the study and four other mammal species were observed but not 
captured. Twelve species of amphibians and six species of reptiles were trapped in pitfall or funnel 
traps. Differences in the distribution of species seemed to be related to the physical and hydrologi
cal features of the right-of-way. Although no major differences in the distribution of wildlife species 
resulted from the vegetation management, differences are expected in the future as vegetation 
differences become more pronounced. Data from this study will be of value to resource managers 
attempting to provide optimal habitat for biodiversity.

Keywords: Right-of-way, powerline, biodiversity, wildlife, birds, mammals, amphibians, reptiles, traps

BACKGROUND AND JUSTIFICATION

A 500 kilovolt (kV) overhead transmission line was 
constructed by the Baltimore Gas and Electric Com
pany (BGE) during 1994-95 as a portion of the last 
section of a 500 kV loop around Washington, D.C. One 
segment of this line goes through the North Tract of the 
Patuxent Research Refuge (Patuxent) adjacent to an 
existing 230 kV transmission line constructed in 1972.

Patuxent is a 5120 ha (12,800 acre) research facility 
within the U.S. Department of the Interior and located 
in Laurel, Maryland. Within the North Tract, the right-of- 
way for both lines is approximately 8.5 km (5.3 miles) 
long, 92 m (300 ft) wide, and covers 77 ha (193 acres).

BGE has a regional responsibility to maintain a reli
able transmission system utilizing cost-effective and 
environmentally compatible vegetation management 
techniques. These techniques traditionally include 
mowing, cutting with chain saws, and herbicide spray
ing of vegetation.

A management plan has been developed by BGE in 
cooperation with Patuxent to provide optimal utiliza

tion of the right-of-way by wildlife. Site-by-site pre
scriptions were outlined to guide construction activity 
and to provide a baseline for future maintenance prac
tices. Several of the practices referenced in the Manage
ment Plan are experimental and in some instances 
must remain flexible during the maintenance process 
to meet the changing needs of both parties. The long
term commitment by BGE to manage this diverse area 
provides an excellent opportunity to implement a con
current research project to evaluate the various wildlife 
management and right-of-way maintenance tech
niques that are incorporated in the plan, while assess
ing general cost-effectiveness.

Although land management to increase wildlife 
populations has been conducted for many years 
(Leopold 1933), rights-of-way for powerlines have 
been seriously managed for wildlife only since the 
1950s (Foster 1956; Egler 1957; Niering 1958). Much of 
the interest in right-of-way management was due to 
the availability of herbicides following World War II 
(Egler 1949), and numerous studies have been conducted 
to evaluate the various ways to use these chemicals to
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Fig. 1. Distribution of habitat management techniques used on the 8.5 km (5.3 mile)-long BGE powerline right-of-way as
described in the Management Plan.

control unwanted vegetation (Niering and Goodwin 
1974; Bramble and Byrnes 1983). Dreyer and Niering 
(1986) evaluated basal and stem foliar herbicides to 
selectively eliminate tall-growing trees, and selective 
basal spraying has been effectively used at Patuxent 
since 1968 on another powerline right-of-way man
aged by Potomac Electric Power Company (Fleming 
1989; Obrecht et al. 1991).

The relationship between powerline right-of-way 
vegetation and the diversity and abundance of wildlife 
has been documented in many areas (Gysel 1962; Long- 
core 1971; Anderson 1979; Meyers and Provost 1979). 
The influence of landscape-level factors on wintering 
bird populations in powerline and pipeline right-of- 
ways was evaluated by Pearson (1993). The present 
study evaluates five major management techniques for 
right-of-ways in regard to wildlife biodiversity. The 
objective of this study was to inventory and evaluate 
seasonal distribution of wildlife (avian, mammalian, 
and herpetofauna) within the BGE right-of-way in all 
habitat management types.

TECHNIQUES

The powerline right-of-way was divided into various 
segments of management techniques based on the 
Management Plan and using aerial photographs of the 
area provided by BGE. Five major habitat management 
techniques have been identified in the Plan and will be 
studied m this project (Fig. 1). They include two types 
of mowing (strip and total), two herbicide applications 
(selective basal spraying and low volume foliar spray
ing), and establishing wildlife corridors. Wildlife corri
dor is a special technique obtained by leaving trees but 
limiting their height by topping. It simulates the forest

on both sides of the right-of-way and, therefore, acts as 
a corridor for wildlife moving through the area.

The study area for this project included the area 
between Tower 1778 to 1802 (Table 1). All management 
techniques were conducted on a tower to tower basis to

Table 1. Habitat management techniques used along the BGE 
powerline right-of-way including the wildlife trapping locations

Tower number Management techniques Trap site

1778-1779 total mow
1779-1780 total mow
1780-1781 selective basal spray
1781-1782 selective basal spray
1782-1783 selective basal spray
1783-1784 strip mow yes
1784-1785 strip mow
1785-1786 strip mow
1786-1787 low volume foliar spray
1787-1788 low volume foliar spray
1788-1789 low volume foliar spray
1789-1790 low volume foliar spray yes
1790-1791 total mow
1791-1792 wildlife corridor yes
1792-1793 wildlife corridor
1793-1794 selective basal spray
1794-1795 strip mow
1795-1796 strip mow
1796-1797 selective basal spray yes
1797-1798 total mow yes
1798-1799 wildlife corridor
1799-1800 low volume foliar spray
1800-1801 total mow
1801-1802 low volume foliar spray

Some sections where mowing is the major management tech
nique also include some spraying to control vegetation in areas 
hard to reach with mowing equipment.
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assist in the experimental design. A total of 24 sections 
occurred within the study area. The techniques in
cluded strip mow (5 sections), total mow (5 sections), 
selective basal spraying (5 sections), low volume foliar 
spraying (6 sections), and wildlife corridor (3 sections). 
In addition to the five major habitat management types 
that will be studied intensively, there is one area that 
will not be sampled intensively because of lack of rep
lication. This area is a 2-acre study site used by BGE 
staff. The study site is being evaluated using a variety 
of vegetation management techniques to determine ef
fects on the diversity of the plant community (pers. 
comm., T. Benassi).

Bird populations were sampled in 1995-96 by line 
transect sampling (Burnham et al. 1980) along a tran
sect established near the center of the right-of-way. 
Sampling was conducted by two observers once a 
week throughout the year starting at one hour after 
sunrise. Starting points for both observers were differ
ent and were varied so that all habitats were sampled 
evenly with regard to time of day. The locations of all 
singing males heard during the breeding season were 
recorded on a map so that territories could be plotted 
and breeding bird density could be estimated in each 
habitat type.

In addition to the transect survey, two additional 
surveys were conducted for nocturnal birds. Wood
cock were surveyed at dusk (19:00-21:00) on one night 
in both March and April. Five observers familiar with 
the nuptial call and flight of woodcock were assigned 
to separate sections of the study site so that all areas 
were surveyed simultaneously. Whip-poor-wills were 
surveyed similarly between 21:00 and midnight during 
one night in both May and June. Moon phase was 
considered when selecting days to increase probability 
of hearing whip-poor-wills, which are more vocal dur
ing full moon phases.

Marrunals were live-trapped during July to November 
1996 in one site for each habitat t}q)e (Table 1). Sherman 
live traps (for small mammals) and Hav-a-Hart box traps 
(for medium-sized mammals) were operated for four 
trap-days per month. All mammals were released on 
site. Sand plot track sites were established to record 
tracks of animals that are difficult to trap, such as fox 
and deer (Perry and Giles 1970). The location of wild
life observed or killed by hunters within right-of-way 
were recorded and data assembled by staff at the 
Hunter Control Station in the North Tract of Patuxent.

Amphibians and reptiles were sampled at one site 
for each habitat type with the use of 15.4 m (50 ft) drift 
fences. Two pitfall traps were constructed at each end 
and two funnel traps were placed in the middle on each 
side of the drift fence. At each of the five sites there 
were two drift fences: one parallel and one perpendicu
lar to the right-of-way. This arrangement was done to 
intercept animals moving across or along the right-of- 
way. Each pitfall and funnel trap was numbered to 
better understand movement of animals by knowing

on which side of the fence each animal was caught. The 
drift fence trapline was opened for five months (July-No- 
vember 1996) for four trap-days each month. Captured 
animals were identified, counted, and released on site.

RESULTS

Avian surveys conducted between 1 July 1995 and 30 
June 1996 recorded a total of 101 species within the 
right-of-way or along the edge. Only three species (fish 
crow, Kentucky warbler, and rock dove) were seen 
along the edge but not in the right-of-way, whereas, 33 
species were seen within the right-of-way but not along 
the edge (Table 2). However, it should be noted that 
birds seen or heard along the edge would have been 
further from the observer, therefore, creating an obvi
ous sampling bias.

The eastern towhee had the highest frequency of 
occurrence (318) followed by the field sparrow (208) 
and the common yellowthroat (201). The field sparrow 
had the highest numbers per visit (17.2) followed by 
the eastern towhee (15.5) and eastern bluebird (13.4). 
Twelve species that had a total frequency of occurrence 
of over 100 but were not seen in large numbers (<10 
birds/visit), included American goldfinch, blue jay, 
Carolina chickadee, Carolina wren, gray catbird, in
digo bunting, northern flicker, prairie warbler, red-bel
lied woodpecker, red-eyed vireo, tufted titmouse, and 
white-eyed vireo (Table 2).

Three American woodcock were heard conducting 
courtship displays along the powerline right-of-way 
during a special survey on 25 March 1997. One whip- 
poor-will was heard singing in the woods adjacent to 
the right-of-way on 15 June 1996. These two species 
were surveyed to fully evaluate diversity of avian species 
seen or heard in the powerline right-of-way habitats.

Several avian species, whose populations are typi
cally low in this area of Maryland, were seen during 
this study. The Lincoln's sparrow is a migrant in Mary
land and was seen twice along the powerline right-of- 
way during one of the fall surveys. The Henslow's 
sparrow, although not recorded on the surveys for this 
study, was observed in May on the North American 
Migration Count on the BGE powerline right-of-way. 
The hermit thrush was seen in shrub habitat during the 
winter on seven different occasions.

Seasonal differences in numbers of species using the 
right-of-way were observed. The greatest number of 
species recorded in the right-of-way was 80 observed 
in the fall (Table 3). However, along the edge, the most 
species seen or heard was 57, which was recorded in 
the spring. This is most likely the result of many mi
grating songbirds using the forest in the spring when 
males can be heard singing.

Fifteen species of birds were seen in numbers greater 
than 10 birds per visit during at least one season (Table 
4). Eight of these species were seen in greatest numbers
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Table 2. Avian species* recorded during 31 visits along BGE powerline right-of-way during 1 July 1995 to 30 June 1996

Species Freq* ROW sum 
(avg.)

Edge sum 
(avg.)

Species Freq* ROW sum 
(avg.)

Edge sun 
(avg.)

Acadian Flycatcher 17 4 (0 .1 ) 15 (0.4) House Sparrow 1 4(0.1)
Accipiter Species 1 1  (0 .0 ) House Wren 75 95 (3.1) 1  (0 .0 )
American Crow 80 80 (2 .6 ) 117(3.8) Indigo Bunting 106 149 (4.8) 10 (0.3)
American Goldfinch 138 228 (7.4) 30 (1.0) Kentucky Warbler 9 9 (0.3)
American Kestrel 5 8  (0.3) Least Flycatcher 1 1  (0 .0 )
American Redstart 1 2 13 (0.4) 2 (0 .1 ) Lincoln's Sparrow 2 2  (0 .1 )
American Robin 73 193 (6.2) 61 (2 .0 ) Louisiana Waterthrush 1 1  (0 .0 )
American Tree Sparrow 2 2  (0 .1 ) Magnolia Warbler 4 4(0.1) 1  (0 .0 )
Baltimore Oriole 5 3 (0.1) 1  (0 .0 ) Mourning Dove 45 42 (1.4) 14 (0.5)
Belted Kingfisher 1 1  (0 .0 ) Northern Cardinal 85 102 (3.3) 22 (0.7)
Blackpoll Warbler 1 1  (0 .0 ) Northern Flicker 1 1 0 71 (2.3) 64 (2.1)
Blk-throated Blue Warbler 3 3 (0.1) Northern Mockingbird 48 58 (1.9)
Blk-throated Green Warbler 2 4(0.1) Northern Parula 31 6  (0 .2 ) 25 (0.8)
Black Vulture 1 2 (0 .1 ) Northern Waterthrush 1 1  (0 .0 )
Black-and-white Warbler 34 11 (0.3) 27 (0.9) Orchard Oriole 1 0 17 (0.5)
Blue-gray Gnatcatcher 43 42(1.4) 11 (0.4) Ovenbird 73 6  (0 .2 ) 8 6  (2 .8 )
Blue Grosbeak 55 80 (2 .6 ) 1  (0 .0 ) Palm Warbler 8 12 (0.4)
Blue Jay 171 89 (2.9) 179 (5.8) Pileated Woodpecker 40 1  (0 .0 ) 29 (0.9)
Blue-winged Warbler 1 1  (0 .0 ) Pine Warbler 28 25 (0.8) 21 (0.7)
Broad-winged Hawk 4 4(0.1) Prairie Warbler 132 190 (6.1) 9 (0.3)
Brown Creeper 1 1  (0 .0 ) Purple Finch 1 1  (0 .0 )
Brown-headed Cowbird 92 126 (4.1) 18 (0 .6 ) Red-bellied Woodpecker 113 13 (0.4) 121 (3.9)
Brown Thrasher 41 40 (1.3) 8  (0.3) Red-breasted Nuthatch 17 7 (0.2) 22 (0.7)
Canada Goose 4 1  (0 .0 ) Red-eyed Vireo 140 46 (1.5) 178 (5.7)
Carolina Chickadee 136 125 (4.0) 71 (2.3) Red-shouldered Hawk 8 3(0.1) 3 (0.1)
Carolina Wren 105 116(3.7) 21 (0.7) Red-tailed Hawk 38 32 (1.0) 2  (0 .1 )
Cedar Waxwing 13 25 (0.8) 1  (0 .0 ) Rock Dove 3 1  (0 .0 )
Chestnut-sided Warbler 4 3 (0.1) 1  (0 .0 ) Rose-breasted Grosbeak 4 4(0.1) 1  (0 .0 )
Chimney Swift 6 3 (0.1) Ruby-crowned Kinglet 2 0 33 (1.1) 1  (0 .0 )
Chipping Sparrow 36 63 (2.0) 4 (0.1) Ruby-thr. Hummingbird 1 0 8  (0.3)
Common Crackle 16 295 (9.5) 10 (0.3) Savannah Sparrow 1 1  (0 .0 )
Common Yellowthroat 2 0 1 334 (10.8) 8  (0.3) Scarlet Tanager 44 14 (0.5) 35 (1.1)
Cooper's Hawk 4 4 (0.1) Sharp-shinned Hawk 5 3 (0.1)
Dark-eyed Junco 69 380 (12.3) 1  (0 .0 ) Song Sparrow 84 227 (7.3)
Downy Woodpecker 45 30 (1.0) 19 (0.6) Summer Tanager 28 28 (0.9) 10 (0.3)
Eastern Bluebird 179 415 (13.4) 32 (1.0) Swainson's Thrush 2 1  (0 .0 ) 2 (0 .1 )
Eastern Kingbird 8 6 126 (4.1) 4 (0.1) Swamp Sparrow 31 73 (2.4) 2 (0 .1 )
Eastern Phoebe 27 27 (0.9) 7 (0.2) Tree Swallow 1 1  (0 .0 )
Eastern Towhee 318 482 (15.5) 67 (2.2) Tufted Titmouse 173 107 (3.5) 151 (4.9)
Eastern Wood-Pewee 59 12 (0.4) 52 (1.7) Turkey Vulture 16 9 (0.3) 2 (0 .1 )
Empidonax Species 7 6  (0 .2 ) 1  (0 .0 ) White-breasted Nuthatch 54 6  (0 .2 ) 52 (1.7)
European Starling 3 5 (0.2) 1  (0 .0 ) White-crowned Sparrow 2 2 (0 .1 )
Field Sparrow 208 532 (17.2) 9 (0.3) White-eyed Vireo 133 136 (4.4) 2 0  (0 .6 )
Fish Crow 2 1  (0 .0 ) White-throated Sparrow 63 195 (6.3)
Golden-crowned Kinglet 1 0 13 (0.4) Winter Wren 1 1  (0 .0 )
Gray Catbird 171 2 1 1  (6 .8 ) 34 (1.1) Wood Thrush 62 1  (0 .0 ) 83 (2.7)
Great Crested Flycatcher 19 2  (0 .1 ) 2 0  (0 .6 ) Yellow-bellied Sapsucker 2 2 (0 .1 )
Great Horned Owl 1 1 (0 .0 ) Yellow-billed Cuckoo 33 1  (0 .0 ) 40(1.3)
1 iairy Woodpecker 9 6  (0 .2 ) 2 (0 .1 ) Yellow-breasted Chat 78 8 8  (2 .8 ) 1 (0 .0 )
Hermit Thrush 18 19 (0.6) 6  (0 .2 ) Yellow-rumped Warbler 8 4 (0.1) 9 (0.3)
Hooded Warbler 42 6  (0 .2 ) 40 (1.3) Yellow-throated Vireo 32 5 (0.2) 32 (1.0)
House Finch 78 117(3.8) 16 (0.5)

’ Frequency represents the total number of times the species was recorded at least once within any section during any visit. Tlie sum is 
the total individuals for all sections and all visits. Average is total divided by 31 visits.
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Table 3. Bird species recorded by season* along the powerline 
right-of-way (ROW) and the edge of the right-of-way during 31 

visits, 1 July 1995 to 30 June 1996

Table 5. Species of mammals captured* on the BGE powerline 
right-of-way between 16 July and 15 November 1996

Summer Fall Winter Spring

ROW 51 80 31 67
Edge 46 46 14 57

*Summer = 1 June-15 August; Fall = 16 August-30 November; 
Winter = 1 December-29 February; Spring -  1 March-31 May.

per visit in the fall and five species were seen in greatest 
numbers per visit in the summer (Table 4). The Ameri
can robin was seen in greatest numbers per visit in the 
winter and the brown-headed cowbird was recorded in 
greatest numbers in the spring.

Nine species of mammals were captured within the 
right-of-way during the five-month trapping period (16 
July-15 November 1996) in live box traps or pitfall traps 
(Table 5). The white-footed mouse {Peromyscus leucopus) 
was the most numerous of the small mammals captured. 
The meadow jumping mouse {Zapus hudsonius) and the 
masked shrew (Sorex cinereus) were most frequently cap
tured at Site 2, the wettest of the five sites.

Among the medium-sized mammals only one opos
sum and eight raccoons were captured. The trapping 
rate for these two species is about half that obtained on 
forested wetlands during another study at Patuxent 
Research Refuge (Perry et al. 1996). The gray fox (Uro- 
cyon cinereoargenteus), red fox {Vulpes fulva), and 
groundhog (Marmota monax) were seen along the right- 
of-way during the study, but were not captured. White
tailed deer {Odocoileus virginianus) were frequently seen 
on the powerline right-of-way and numerous deer 
were killed by himters along the right-of-way during

Species Total Sites

1 2 3 4 5

Opossum 1 1

Masked Shrew 5 3 2

Short-tailed Shrew 4 1 3
Eastern Mole 1 1

Raccoon 8 4 3 1

White-footed Mouse 17 5 1 5 6

Meadow Vole 2 1 1

Pine Vole 2 1 1

Vole species 1 1

Meadow Jumping 
Mouse

5 4 1

Total 46 6 15 6 1 1 8

*Trap days totalled 300 for Hav-A-Hart traps, 487 for Sherman 
live traps, and 1 0 0  for drift fences.

the hunting season. The right-of-way has traditionally 
been a preferred hunting area for hunters at Patuxent.

Twelve species of amphibians were captured within 
the powerline right-of-way during the trapping period 
(16 July-15 November). The green frog {Rana clamitans) 
was the most frequently captured amphibian repre
senting 45 of the total 145 individual amphibians that 
were captured (Table 6). The chorus frog {Pseudoacris 
triseriata) was heard calling during the spring in nu
merous wet areas of the right-of-way, but was not 
captured in the traps. Three species of salamanders, but 
only five individuals, were captured.

Six species of reptiles and 16 individuals were cap
tured within the right-of-way (Table 6). All reptiles

Table 4. Most abundant species of birds recorded along the BGE powerline right-of-way during visits 1 July 1995 to 30 June 1996*

Species Summer Fall Winter Spring

American Goldfinch 61 (1 0 .2 ) 125 (10.4) 3 (0.8) 39 (4.3)
American Robin 6  (1 .0 ) 71 (5.9) 98 (24.5) 18 (2 .0 )
Brown-headed Cowbird 28 (4.7) 3 (0.3) 95 (10.6)
Common Crackle 295 (24.6)
Common Yellowthroat 8 6  (14.3) 126 (10.5) 122 (13.6)
Dark-eyed Junco 254(21.2) 64 (16.0) 62 (6.9)
Eastern Bluebird 45 (7.5) 270 (22.5) 35 (8 .8 ) 65 (7.2)
Eastern Kingbird 69 (11.5) 1 0  (0 .8 ) 47 (5.2)
Eastern Towhee 110 (18.3) 242 (20.2) 130 (14.4)
Field Sparrow 6 8  (11.3) 263(21.9) 61 (15.3) 140 (15.6)
Gray Catbird 71 (11.8) 92 (7.7) 48 (5.3)
Indigo Bunting 75 (12.5) 29 (2.4) 45 (5.0)
Prairie Warbler 72 (12.0) 14(1.2) 104(11.6)
Song Sparrow 144 (12.0) 15 (3.8) 6 8  (7.6)
Wliite-thr. Sparrow 172 (14.3) 16 (4.0) 7 ( 0 .8 )

‘ Numbers are total individual birds seen and average number per visit in parentheses. The 31 visits included 6  in summer (1 June-15 
August), 12 in fall (16 August-30 November), 4 in winter (1 December-29 February), and 9 in spring (1 March-31 May).
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Table 6. Species of amphibians and reptiles captured* on the 
BGE powerline right-of-way between 16 July and 15 November

1996

Total

1 2

Sites

3 4 5

Amphibians
Marbled Salamander 1 1

Red-spotted Newt 2 2

Four-toed Salamander 2 2

American Toad 23 6 2 6 7 2

Fowler's Toad 2 1 16 1 2 2

Northern Cricket Frog 23 15 4 2 2

Spring Peeper 4 1 3
Bull Frog 3 1 1 1

Green Frog 45 2 27 6 5 5
Wood Frog 1 1

Southern Leopard Frog 8 2 2 3 1

Pickerel Frog 1 2 1 1 3 7

Total 145 26 48 30 28 13

Reptiles
Northern Fence Lizard 4 2 2

Six-lined Racerunner 1 1

Five-lined Skink 1 1

Eastern Garter Snake 5 4 1

Eastern Hognose Snake 2 2

Northern Black Racer 3 1 1 1

Total 16 4 0 6 4 2

*Trap days for drift fence was 1 0 0 ,

captured are species typically found in fairly dry habi
tat, which was where they were captured within the 
powerline right-of-way. No reptiles were captured at 
site 2, the wettest site.

the right-of-way habitat to be homogenous. Differ
ences noted among wildlife species observed or cap
tured were best explained by physical or hydrological 
features, rather than with management techniques.

Past management practices of the right-of-way also 
appeared to be a factor in wildlife numbers. For exam
ple, robin abundance during winter seemed strongly 
associated with large numbers of holly {Ilex opaca) trees 
on the powerline right-of-way (especially between 
towers 1786-1790). Holly trees, which have been pro
tected for many years on the right-of-way, provide 
excellent food and cover to the robin, a major winter 
migrant in Maryland.

In future years, as the new techniques result in more 
alteration of the right-of-way habitats, it is expected 
that greater differences in the wildlife populations will 
be recorded. Attention should be given, however, to 
species that may potentially affect biodiversity ad
versely in the future. The brown-headed cowbird was 
recorded in high numbers in the spring and this could 
reflect high parasitism on other species whose popula
tions are low. Nest surveys should be conducted to 
evaluate the extent of the problem and if nest parasit
ism differs among management techniques. The exotic 
vine, mile-a-minute weed {Polygonum perfoliatum), was 
found in several areas of the right-of-way and could 
increase its distribution in the future. This fast growing 
plant has the potential to spread throughout the right- 
of-way and negatively impact native plants.

When differences in habitats and species using these 
habitats are noted in future years as a result of manage
ment techniques, researchers will be able to advise the 
managers of optimum techniques to use to benefit bio
diversity along the right-of-way. The findings of this 
study indicate that the powerline right-of-way is pro
viding habitat to a large number of wildlife species 
and, hopefully, will continue to be important habitat in 
the future.

DISCUSSION

The number of bird, mammal, amphibian, and reptile 
species captured or seen along the powerltne right-of- 
way during 1995-96 reflects the relatively high biodi
versity of these habitats created and maintained by 
humans. Although no rare species of animals were 
recorded during this study, more intensive sampling of 
the flora and fauna in the future will probably increase 
the species list and possibly add some rare species to 
the list. The present management plan conducted by 
BGE in cooperation with the Patuxent Research Refuge 
staff is flexible and can easily accommodate the protec
tion of unique habitats or rare species.

Because the right-of-way was managed with similar 
techniques (mostly low volume foliar spray) from 1971 
to 1995, there were few differences in the wildlife spe
cies composition or numbers among the 26 sections. 
The construction activities during 1994—95 also caused
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Evaluation of Blade Plowing and Dot-Grid 
Herbicide Techniques for Selective Control 

of Trees on Electric Transmission ROWs

Charles E. Rowell, Kenneth W. Parrish, and James M. Dyer

A research project was conducted to evaluate two alternative vegetation management techniques 
on electric transmission line ROWs. The objective of the research was to test techniques that showed 
promise at reducing tree numbers on the ROWs, while maintaining maximum biodiversity of 
non-tree vegetation. Blade plowing and a dot-grid herbicide technique, using hexazinone and 
picloram, were evaluated on four study sites in Mississippi, Louisiana and Arkansas. The sites were 
selected to represent a range of soil types: loamy, upland. Coastal Plain soils; loess soils; poorly 
drained, fine textured, alluvial soils; and gravelly upland soils. Blade plowing, conducted during 
early summer, was deemed moderately effective (54-71%  reduction in tree numbers) on the loess 
soils and on the upland, loamy and gravelly soils, and ineffective (14% reduction in tree numbers) 
on the poorly drained, fine textured, alluvial soils. The dot-grid herbicide technique was effective 
on the loess soils (78% reduction in tree numbers), performed poorly (28-54%  reduction) on the 
upland loamy and gravelly soils, and was ineffective on the poorly drained, fine textured, alluvial 
soil. Biodiversity of non-tree vegetation remained high under both treatments when compared to 
the control (mowed-only). The cost of the dot-grid herbicide technique was considerably higher 
than that of the blade plow technique. The results of the work indicate that the blade plow 
technique has potential on upland sites as a selective, non-chemical approach to tree control on 
electric transmission ROWs. Further evaluation of blade plowing without preceding mowing is 
needed.

Keywords: Vegetation management, rights-of-way, biodiversity, dot-grid herbicide application 
method, tree control, blade plow, woody root management, hexazinone, picloram

INTRODUCTION

Vegetation management of electric transmission 
rights-of-ways (ROWs) has become more complex in 
recent years due to tightened maintenance budgets and 
heightened environmental awareness by the public. In 
the southern United States, vigorous tree resprouting 
following traditional rotary mowing is the major vege
tation management problem (Amer, Glover, Hartley, 
and Huntly 1987). ROWs that are managed with only 
mowing commonly contain tree stem populations of 
several thousands per hectare (Rowell, Farrish, and 
Dyer 1993). Earlier work by the authors showed that 
ROWs in forested areas contain large numbers of 
woody roots that can support tree resprouting (Farrish, 
Rowell, and Dyer 1993). By simply mowing or burning 
the above ground sprouts, these root systems are left

intact to again send up new, vigorous sprouts (Amer, 
Glover, Hartley, and Huntly 1987). Frequent mowing 
is thus required to control the vegetation. Therefore, 
the logical approach for longer term control should 
involve disrupting these root systems, not just the 
above ground sprouts. Broadcast herbicide applica
tions, while very effective at reducing tree populations, 
are not selective only against trees (Glover and Arner 
1993). Perennial herbaceous and shrub species that 
have aesthetic and wildlife values are also impacted. 
Also, the very high numbers of tree stems on these 
ROWs, up to 10,000 per hectare, makes selective spot 
application of herbicides impractical without first 
greatly reducing their numbers.

In 1992, Entergy Corporation funded a research pro
ject that sought alternative approaches to control un
wanted tree sprouts on ROWs. The goal of the work
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was to test cost effective techniques that would reduce 
populations of tall tree species on ROWs, while main
taining maximum biodiversity of the remaining plants. 
A technique used in that project that showed promise 
in achieving that goal was blade plowing. In this tech
nique, a 3 m (10 ft) wide blade plow is pulled in a 
horizontal plane between 20-25 cm (8-10 in) beneath 
the surface of the soil. The plow creates very little 
surface disturbance, yet shears off woody roots in its 
path. Tree sprouts are thus deprived of deeper, mois
ture supplying roots and many succumb. A large per
cent of smaller plants with shallower root systems 
survive the treatment. Upland Coastal Plain ROW sites 
in north Louisiana that were blade plowed during the 
summer growing season had reductions in tree stem 
populations of over 50% and vigor of surviving trees 
was also reduced (Rowell, Farrish, and Dyer 1993).

The results of the 1992 study were encouraging 
enough to warrant a follow-up study that began in 
1994. The first objective of this study was to test the 
blade plow treatment on a variety of soil types to better 
gauge its effectiveness and its limitations. A second 
objective of this study was to determine if blade plow
ing effectiveness was limited by season of application. 
The third objective of the study was to evaluate a dot- 
grid herbicide technique, developed for forestry appli
cations, for ROW vegetation management. In this 
technique, soil active herbicides (hexazinone and pi- 
cioram) are applied in concentrated spots (dots) on a 
grid pattern. Large root systems, like those of trees, 
have a high probability of intersecting one or more of 
these dots and thereby receive a lethal dose of chemi
cal. Smaller plants have a smaller probability of inter
secting the dots, so the method is indirectly selective 
against trees. Of course, the grid spacing and applica
tion rate are important variables in this method. Over
all browning of the ROW would be reduced from that 
of broadcast herbicide application and surviving per
ennial herbaceous and shrub species would maintain 
wildlife and aesthetic values.

METHODS

Study sites
Four study sites were used in this study. The first of 
these was located near Natchez, Mississippi. Soils of 
the area were derived from loess parent materials and 
surface textures were silt loam. The topography was 
rolling and the soils are highly erodible. Forest vegeta
tion consisted of mixed upland hardwoods, dominated 
by oaks {Querciis spp.), sweetgum {Liquidambar styraci- 
flua), black locust {Robinia pseudoacacia), and hickories 
[Carya spp.). The soils are fertile and well drained. 
Consequently, tree growth in the ROWs is even more 
vigorous than on other landscapes of the region. Vege
tation on the 30 m (100 ft) wide ROW used in the study 
had not been cut for three years and the trees were

large, ranging up to 8 cm (3 in) in diameter, and numer
ous. The ROW was managed on a three-year cutting 
cycle. This site was used in the study because we be
lieved that the larger trees and highly erodible soils 
might present challenges to the treatments.

The second site used in the study was located near 
Ferriday, Louisiana. Soils of this area were derived 
from fine textured, alluvial deposits on the Mississippi 
River floodplain. Surface soil textures were silty clay, 
and the soils were poorly drained. The topography was 
nearly level. Forest vegetation consisted of mixed bot
tomland hardwoods, dominated by oaks {Quercus 
spp.), green ash (Fraxinus pennsylvanica), and elm 
(Ulmus spp.). Vegetation on the 30 m (100 ft) wide 
ROW used in the study had not been cut for two years. 
The ROW was managed on a two-year cutting cycle. 
Tree sprouts and seedlings were numerous, but not 
large. This site was used in the study because we be
lieved that the fine textured, poorly drained soils might 
pose challenges to the treatments, specifically pulling 
the blade plow with a reasonable size tractor. In addi
tion, soil active herbicides, such as hexazinone, used in 
the dot-grid method often are less effective on fine 
textured soils where the high clay fraction ties up much 
of the chemical. Consequently, we wanted to test the 
methods limitations for ROW vegetation management 
on such a site.

The third site used in the study was located near 
Malvern, Arkansas. Soils of the area were derived from 
loamy parent materials with high coarse fragment 
(gravel) content. Surface soil textures were loamy sand 
to sandy loam and the soils were well drained. The 
topography was undulating. Forest vegetation con
sisted of mixed pine-hardwoods, dominated by 
shortleaf pine {Pinus echinata), loblolly pine {Pinus 
taeda), oaks {Quercus spp.), sweetgum {Liquidambar 
styraciflua), and hickories {Carya spp.). Vegetation on 
the 30 m (100 ft) wide ROW had not been cut for two 
years. The ROW was managed on a two-year cutting 
cycle. The high coarse fragment content of the soil 
might pose challenges for use of the blade plow and a 
sizable pine seedling component on this study site of
fered an opportunity to evaluate the effectiveness of 
both treatments on these trees.

The fourth site was located near Grambling, Louisi
ana. Soils of the area were derived from loamy. Coastal 
Plain, parent materials. Surface textures were loamy 
sand to sandy loam, and the soils were well drained to 
moderately well drained. The topography was undu
lating. Forest vegetation consisted of mixed pine-hard
woods, dominated by loblolly pine {Pinus taeda), oaks 
{Quercus spp.), sweetgum {Liquidambar styraciflua), and 
hickories {Carya spp.). Vegetation had not been cut on 
the 30 m (100 ft) ROW for one year. The ROW was 
managed on a two-year cutting cycle. This site was 
used in the study because it was typical of extensive 
areas of upland in the region. A sizable pine seedling 
component on this site also offered an opportunity to
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evaluate the effectiveness of both treatments on these 
trees. In addition, a blade plow seasonal trial study was 
conducted on this site.

Treatments
Three replications of three treatment plots (30 x 15 m) 
were established at each site. One of the treatment plots 
in each replication was treated with the dot-grid herbi
cide application in mid May. At the Natchez and Ferri- 
day sites, a 3 ml volume of undiluted hexazinone 
(Velpar L) was placed at each grid intersection of 0.9 x 
1.8 m (3 X 6  ft) pattern using a syringe chemical appli
cator. This amounted to a volume of 18.5 liters chemical 
per hectare (1.9 gal per acre). At the Malvern and 
Grambling sites, the hexazinone volume was reduced 
to 2 ml per spot (12 liters per hectare), but a 1 ml 
volume (6 liters per hectare) of undiluted picloram 
(Tordon K) was added to each spot in an attempt to 
control pine seedlings on these sites in addition to the 
hardwoods. A fire plow was used on the forest edge of 
each of the dot-grid herbicide plots to sever lateral 
forest origin roots to prevent off ROW tree damage 
from the soil active herbicides.

In late June, vegetation on all of the plots was cut 
with rotary mowers to about a 10 cm height. In early 
July, one of the treatment plots in each replication was 
blade plowed with a Savannah Forestry Equipment 
blade plow pulled with a rubber treaded. Caterpillar 
Challenger tractor. The plow was set to run at between 
20 and 30 cm (8-10 in) beneath the soil surface and it 
produced minimum surface disturbance. Blade plow 
passes were slightly overlapped to avoid having un
treated areas within the plots. The remaining three 
plots at each site served as a mowed-only control.

Six similar plots were established at the Crambling 
site in the Spring of 1994 to test seasonal effects on 
blade plowing effectiveness. Three of the plots were 
mowed and then blade plowed in early May. The re
maining three plots served as a mowed-only control.

Vegetation measurements
Data were collected for this study in the summer of 

1995, approximately one year after the treatment appli
cations. At Natchez, MS, Crambling, LA, and Malvern, 
AR, tree sprouts and seedlings within two 4.6 m (15 ft) 
radius circular measurement plots in each treatment 
plot were identified by genus, stems were counted, and 
measured for height (tallest stem only). Data at Ferri- 
day, LA study site was obtained from two 2.3 m (7.5 ft) 
radius circular measurement plots per treatment plot. 
Tree heights were not measured at this site. The term 
"tree stems" is used to include all root suckers, stump 
sprouts and individual stems of seedlings on an area 
basis. The term "tree numbers" refers to the number of 
clumps of tree stems that are assumed to belong to the 
same individual plant. The total number of stems was 
divided by the number of trees to determine the num
ber of stems per individual tree. Other plants (woody

and herbaceous) were quantified (number of species 
and occurrence) on two 1 m  ̂sample plots located ran
domly in each of the treatments and the control.

Plot values were converted to a per hectare basis. 
Cumulative tree height index of the dominant stems 
was calculated (Miller, Zutter, Zedaker, Edwards, and 
Newbold 1995). This value serves as an index of unde
sirable tree total growth. Shannon/Weaver (1949) bio
diversity indices were calculated from data obtained 
from each of the 1 m̂  non-tree sample plots. The random
ized block statistical design was analyzed using Analysis 
of Variance and Duncan's mean separation test.

RESULTS AND DISCUSSION 

Blade plow treatment — site trials

Natchez site
The blade plow treatment was effective at the Natchez 
site where it reduced tree numbers and tree stem num
bers by 59 and 70%, respectively, compared to the 
mowed-only control (Table 1). Surviving tree heights 
after one year were not significantly different on the 
blade plow treated plots, while cumulative height was 
reduced 55% due to the reduced number of trees.

The mam concern about use of the blade plow tech
nique at this site was whether it would promote soil 
erosion on these highly erodible loess soils. The ma
chinery worked very well as configured on this site, in 
spite of the large tree stumps encountered, and little 
scalping of the surface occurred. The greatest exposure 
of mineral soil with this technique occurs when the 
plow first enters the soil and when it is withdrawn 
from the soil, although seldom were these areas ob
served to extend more than about two meters. Since we 
used small plots in this study, the plow was inserted 
and removed from the soil many more times than it 
would be in an operational setting, and yet no signs of 
soil erosion were evident. Within a few weeks, all bare 
mineral soil patches were naturally revegetated.

Estimated costs of the blade plow treatment were 
reasonable. Operation costs were estimated at about 
$109 per hectare ($44 per acre). This estimate, however.

Table 1. Measured tree parameters on treatment plots at the 
Natchez site

Treatment Trees
(ha-i)

Stems 
per tree

Height of Cumulative 
tallest stem height 
(cm) (km)

Control 3527a 2.46a 108.4a 3.82a
Blade plow 1445b 1.81a 117.9a 1.71b
Dot-grid 761b 1.83a 79.9b 0.61b

herbicide

Means in a column followed by the same letter are not signifi
cantly different at P = 0.05 by E)uncan's mean range test.
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did not include equipment transportation costs or 
other overhead costs. Also, because of the limitations of 
our small plot time-study, operational costs may be 
quite different.

Ferriday site
The blade plow treatment was much less effective at 
the Ferriday site, where tree numbers and tree stem 
numbers were reduced by only 14 and 29%, respec
tively, compared to the mowed-only control (Table 2). 
The differences were not statistically significant. A pos
sible explanation for the reduced effectiveness of the 
treatment on the site may be due to the wet nature of 
the soils. These poorly drained, silty clay textured soils 
remained moist during most of the growing season. If 
moisture stress following blade plowing is necessary to 
cause mortality of treated trees, lack of such stress may 
be the reason that blade plowing was less effective on

Table 2. Measured tree parameters on treatment plots at the 
Ferriday site

Treatment Stems 
per plot

Stems
(xlOOO) (ha-‘)

Control 8.98 40.9
Blade plow 7.49 28.9
Dot-grid herbicide 6.06 30.1

Table 3. Measured tree parameters or1 treatment plots at the
Grambling site

Treatment Trees Stems Height of Cumulative
(ha-i) per tree tallest height

stem (cm) (km)

Control 8828a 2.19a 74.2a 6.55a
Blade plow 3298b 1,57b 65.2b 2.15b
Dot-grid 6139a 2.06a 74.8a 4.59a

herbicide

Means in a column followed by the same letter are not signifi-
cantly different at P = 0.05 by Duncan's mean range test.

Table 4. Measured tree parameters onL treatment plots at the
Malvern site

Treatment Trees Stems Height of Cumulative
(ha‘ b per tree tallest height

stem (cm) (km)

Control 10629a 1.93a 94.4a 10.03a
Blade plow 4896a 1.39b 69.7c 3.41b
Dot-grid 7611a 1.58a 81.6b 6 .2 1 a

herbicide

Means in a column followed by the same letter are not signifi
cantly different at P = 0.05 by Duncan's mean range test.

this site. Consequently, these results indicate that blade 
plowing may not be a viable treatment on ROWs in 
wetland landscapes.

Another reason for using this site in the study was to 
determine if the equipment would have difficulty with 
the poorly drained, fine textured soils. The blade plow 
functioned normally in the heavy clay and the Chal
lenger tractor pulled the equipment easily.

Grambling site
The blade plow treatment was effective at the upland 
Grambling site where tree numbers and tree stem num
bers were reduced by 71 and 76%, respectively, com
pared to the mowed-only control (Table 3). However, 
height growth of the surviving trees was unaffected. 
Cumulative height growth was reduced by 70%, due to 
the reduced number of trees. The reduction in tree 
numbers at this site due to blade plowing was compa
rable to results of work done by the authors at similar 
upland sites in the area conducted in previous years 
(Rowell, Farrish, and Dyer 1993).

Malvern site
The blade plow treatment was only moderately suc
cessful at the upland Malvern site, where tree numbers 
and tree stem numbers were reduced by 54 and 67%, 
respectively, compared to the mowed-only control 
(Table 4). Height growth of surviving frees was also 
reduced by 26%. Cumulative height growth, integrat
ing reduction in both tree numbers and height growth, 
was reduced by 66%. The effectiveness of the blade 
plow treatment at the Malvern site may have been 
compromised because the plow, as configured, did not 
perform as well in this soil. The high coarse fragment 
content of the soil caused the large coulter blade that 
rolls ahead of the plow to frequently ride up on the 
surface, pulling the blade plow from the soil. Savannah 
Equipment personnel believed that the device could be 
reconfigured to operate better in these types of soils.

Blade plow treatment — seasonal trial
The blade plow treatment seasonal trial conducted at 
the Grambling site in July reduced tree numbers by 
77%, compared to the mowed-only control, while the 
same treatment conducted in early May reduced tree 
numbers by only 8% (Table 5). This dramatic difference 
in performance of the blade plow treatment may be 
due to differences in moisture stress placed upon the 
trees immediately following the treatment. Soil mois
ture in early May was relatively high and evapotran- 
spiration rates were relatively low. Trees treated in 
early May may have had time to reestablish deeper 
root systems before the onset of dry, hot summer 
weather. These results coincide with those of the sum
mer blade plowing at the Ferriday site, which also 
indicated that success of the blade plow treatment may 
depend on having periods of moisture stress immedi
ately after the treatment.



Evaluation o f blade plowing 145

Table 5. Blade plow seasonal trial (spring and summer) tree 
stem numbers at the Grambling site

Treatment Stems
(ha-i)

Spring 9079a
Summer 2095b

Values in a column followed by the same letter are not signifi
cantly different at P = 0.05 by Duncan's mean range test,

Dot-grid herbicide treatment — site trials

Natchez site
The dot-grid herbicide treatment using hexazinone was 
very effective at the Natchez site, where tree numbers 
and tree stem numbers were reduced by 78 and 84%, 
respectively, compared to the mowed-only control 
(Table 1). In addition, height growth of surviving trees 
was reduced by 27%, and cumulative height growth 
was reduced by 84%. The effectiveness of the dot-grid 
technique at this site may be due in part to the larger 
size of the trees on the ROW at the time of treatment. It 
had been three years since the ROW vegetation had 
been cut on the fertile site and the trees were much 
larger than at the other sites.

The cost of the treatment was relatively high at 
about $432 per hectare ($175 per acre) for herbicide 
alone. Application in the trial was conducted manually 
with a syringe gun. This is very labor intensive. If the 
method was developed further for ROW vegetation 
management, automated application equipment 
would need to be developed.

Ferriday site
The dot-grid herbicide treatment was ineffective at the 
Ferriday site. Tree numbers were not reduced at all, 
and tree stem numbers were reduced by only 27%, 
compared to the mowed-only control (Table 2). The 
failure of this technique at Ferriday is attributed to at 
least three factors. First, the Velpar herbicide is tied up 
by the clay fraction in soils. The high clay content of this 
soil may have tied up enough of the chemical as to 
render the application ineffective. A second possible 
reason for the failure of the technique at this site may 
be due to the fact that the ROW was inadvertently 
mowed by regular maintenance contractors only two 
weeks after treatment, instead of five weeks after treat
ment as planned in the research. This early mowing of 
the tree shoots may have diminished uptake of the 
herbicide as well. Finally, the trees were much smaller on 
this site at the time of treatment than at the Natchez site 
and this may have also diminished herbicide uptake.

Grambling site
The dot-grid herbicide treatment was only moderately 
effective at the Grambling site, with a reduction of tree

numbers and tree stem numbers of 54 and 43%, respec
tively, compared to the mowed-only control (Table 3). 
Tree height growth was reduced by 17% and cumula
tive height growth was reduced by 38%. The quantity 
of hexazinone used per dot at this site was reduced 
from three to two ml. Picloram was added at the rate of 
one ml per dot. This change in chemical usage was 
made in an attempt to also remove unwanted pine 
seedlings from the ROW at this site which hexazinone 
does not control. While hexazinone has long been used 
in the dot-grid technique in forestry applications, we 
and Dow Chemical representatives were unaware of 
any previous use of the Tordon product (picloram) in 
this technique, and its use in this manner may not be 
effective on either pine or hardwood components. 
Also, the trees on this site were relatively small at the 
time of treatment since the ROW was mowed the pre
vious year, and this may have diminished herbicide 
uptake. If further evaluation is considered for the dot- 
grid technique for ROW vegetation management, 
chemical trials, rate determinations, grid pattern spac
ing studies, and determinations of optimum grow-out 
periods will be needed.

Malvern site
The dot-grid herbicide treatment was not very effective 
at the Malvern site with a reduction in tree numbers 
and tree shoot number of only 28 and 41%, respec
tively, compared to the mowed-only control (Table 4). 
Tree heights were reduced by 14% and cumulative tree 
height was reduced by 38%. The herbicide treatment 
was conducted at this site in the same manner as at 
Grambling, with a reduced volume of Velpar L and the 
addition of Tordon K, due to the presence of unwanted 
pine seedlings. The reasons for the relatively poor per
formance of the technique at this site are probably the 
same as those outlined for the Grambling site.

Treatments and plant biodiversity
Biodiversity of remaining vegetation was not signifi
cantly impacted by either the blade plow treatment or the 
dot-grid herbicide treatment when compared to mowing 
alone (Table 6). However, the total woody component 
generally decreased under both the treatments as the tall

Table 6. Biodiversity indices (Shannon-Weaver Function' (in 
decits)) by treatment for the Natchez, Ferriday, Grambling and 

Malvern sites

Site Treatment

Control Blade plow Dot-grid herbicide

Natchez, MS 1.84 1 . 8 6 1.89
Ferriday, LA 1.67 1.76 1 . 6 6

Grambling, LA 1.76 1.92 1.89
Malvern, AR 1.73 1.70 1.76

'Shamion-Weaver (1949).
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tree species component was decreased. Thus the pro
ject achieved its stated goal of significantly reducing 
the tall tree species components of the vegetation com
munity on the ROWs while maintaining maximum 
plant biodiversity.

CONCLUSIONS

Results of the blade plow treatment conducted in the 
summer on the upland sites were generally encouraging, 
with reductions in tree numbers ranging between 54 and 
71% compared to mo wed-only control; and reductions of 
tree shoot numbers of between 67 and 76%. Height 
growth of surviving trees was affected less by the treat
ment, with two of the three upland sites showing no 
decline and the third only a 26% decline. The blade plow 
treatment was ineffective at the Ferriday site which had 
poorly drained, fine textured soils. This may be due to the 
lack of moisture stress following blade plowing at this 
wet site. The seasonal trial for blade plowing in the spring 
at the GrambMng site also demonstrated that lack of mois
ture stress immediately after blade plowing makes the 
treatment less effective. These findings indicate that blade 
plow use in ROW vegetation management should prob
ably be limited to upland sites during the summer dry 
season to be effective.

Blade plowing did not reduce plant biodiversity on 
any of the treated sites compared to the mowed-only 
control. Consequently, the technique does appear to offer 
a tool to control unwanted tree species, while maintain
ing biodiversity of other plant species on ROWs.

The dot-grid herbicide technique using hexazinone 
and picloram had much more variable results than that 
of the blade plow treatment. The dot-grid technique 
was very effective at the Natchez site where the trees 
were larger and the soils were favorable. The treatment 
was ineffective at the Ferriday site where the high clay 
content of the soil may have tied up much of the Velpar 
herbicide, although premature mowing after treatment 
may also have been a factor. Treatment costs for the 
dot-grid technique as applied in this study were rela
tively high. Successful development of the technique in 
ROW vegetation management would require addi
tional research on different herbicide trials, rate trials 
and dot-grid spacing studies on a variety of sites.
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Vegetation Management Alternatives on 
Electric Transmission Line Rows in 

North-Central Louisiana: Four Year Results

Charles E. Rowell, Kenneth W. Parrish, and James M. Dyer

Alternative vegetation management techniques were evaluated on two electric transmission rights- 
of-way (ROW) in north Louisiana over a four-year period. The objective of the work was to test 
techniques that select against trees, while allowing as many other plants to remain as possible. 
Comparisons were made between blade plowing and a mowed-only control, with follow-up 
treatments of burning, selective spot foliar herbicide application, and burning with selective spot 
foliar herbicide application. Blade plowing significantly reduced the number of tall tree stems 
compared to the mowed-only control. Spot herbicide application, especially in conjunction with 
blade plowing, was also very effective. Burning, however, did not reduce tall tree numbers. 
Generally, the follow-up treatments on the control plots (mowed only) had more trees with more 
stems of greater height than the same follow-up treatments on the blade plowed plots. Within site 
variability was extremely high at the Dubach site and analysis of variance indicated no significant 
difference among the follow-up treatments, although trends in reduction in mean tree numbers and 
size over the control were noted for the blade plow only, the blade plow with herbicide, and the 
blade plow with herbicide plus burning combinations. At both the Dubach and Simsboro sites, 
burning only, and blade plowing with burning were the least effective in reducing tree numbers, 
tree mean height, and cumulative tree height growth. Plant biodiversity was largely unaffected by 
all of the treatments, and the ratios of monocots to herbaceous dicots were also unaffected.

Keywords: Biodiversity, vegetation management, burning, selective spot foliar herbicide applica
tion, imazapyr, triclopyr, blade plow, woody root management, right-of-way

INTRODUCTION

Managing vegetation on electric transmission ROWs in 
the southeastern United States requires frequent and 
costly treatments to control the rapid regrowth. Vigor
ous sprouting of tree species after conventional rotary 
mowing is the major vegetation management problem 
(Amer, Glover, Hartley, and Hunter 1978; Parrish, 
Rowell, and Dyer 1993). Tree stem numbers on ROWs 
in the region are commonly in the thousands per hec
tare, and height growth is rapid due to the long grow
ing seasons (Rowell, Parrish, and Dyer 1993). Broadcast 
herbicide applications are effective at controlling the 
vegetation (Bramble and Byrnes 1976). However, in
creasing environmental concerns about maintaining 
plant species diversity on ROWs may require more 
selective control of tree species (Citizens for Environ
mental Protection 1981; Holewinski and Arner 1981;

Himtly and Amer 1984). Consequently, vegetation 
management techniques are sought that will decrease 
the resprouting of tall tree species, while minimizing 
the impact on other plants.

In 1992, a research project was initiated to examine 
alternative vegetation management techniques that 
might be effective in controlling tree resprouting, while 
rninirnizing the impact on other plant species. Blade 
plowing was selected as a major treatment for this re
search because it had the potential to dismpt established 
woody root systems, while leaving shallow rooted, 
smaller plants intact. Pollow-up treatments of burning, 
selective spot foliar herbicide application, and burning 
with selective spot foliar herbicide application were used, 
both with and without the blade plow. Pirst-year result of 
this project were reported on at the previous symposium 
of this series (Rowell, Parrish, and Dyer 1993). This 
paper presents four-year results of the study.
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METHODS

Two study areas were selected in north-central Louisi
ana (near Dubach and Simsboro, LA) on 30 m (100 ft) 
wide, 150 kV electric transmission ROWs. The study 
areas were selected for similar soil and forest type 
characteristics that are representative of the region's 
upland mixed pine/hardwood forest ecotype.

The Dubach site was located on the Entergy Vienna- 
Bernice north-south 115 kV transmission line, north
west of Dubach, Louisiana. The soils of this site were 
classified as coarse-loamy, siliceous, thermic Typic 
Hapludults (Soil Survey Staff, 1975). The areas east and 
west of the Native Vegetation Management Study site 
were in varying levels of pine timber management, 
with three small areas (narrow drainage ways) domi
nated by hardwoods. Tree size, stand density and spe
cies composition varied along both sides of the ROW 
study area.

The Simsboro site was located on the Sterlington- 
Arcadia-Minden, east-west, 115 kV transmission line. 
The soils of this site were classified as fine-loamy, sili
ceous, thermic, Typic Hapludults (Soil Survey Staff, 
1975). Three forest types were present adjacent to this 
study area. On the north side of the western end of the 
study area was a fully stocked, natural, pole-sized pine 
stand. Bottomland hardwoods dominated the central 
portion of the north side near a creek that crossed the 
ROW study area at its center. The east end of the north 
side of the study area was occupied by mixed 
pine/hardwoods, with small and large pole-sized pine 
and upland hardwoods. South of the ROW was a con
tinuous, recently thinned, understocked mixed pine/ 
hardwood forest.

The transmission line ROWs at the Dubach and 
Simsboro sites were over 30 years of age when the 
study was initiated. Both study areas were established 
in the second growing season of a two-year mowing 
cycle. The plant communities were well established, 
with herbaceous and woody plants fully occupying the 
sites. Evaluation of woody vegetation made prior to 
the treatment applications identified 17 tree species at 
the sites. Eleven of these species were determined to 
have a height growth potential that could eventually 
interfere with the transmission lines. The most common 
genera included pine iPimis), elm (Ulmus), hickory 
(Carya), oak (Qiiercus), sumac (Rhus), and sweetgum 
(Liquidumbar).

The Dubach site ROW had a north-south orienta
tion while the ROW at Simsboro ran east-west. Be
cause of this, some of the Dubach plots in the ROW 
were shaded for almost six hours during the day. The 
plots at Simsboro were never shaded. Dubach had 
more variable forest plant communities adjacent to the 
ROW than that of the Simsboro site. The Dubach site 
also had a lower site quality for loblolly pine with a site 
index (height at 50 years) of 26.2 m (86 ft), versus 30.5 
m (100 ft) at Simsboro. The Dubach site also had greater

topographic relief (slopes) that affected micro-site ra
diation and soil moisture levels than the Simsboro site.

The vegetation on the study sites was cut during 
May 1992 with a rotary mower, the normal vegetation 
maintenance treatment for these ROWs. At each site, 
three replications of two major treatment plots [37 x 
15.5 m (120 X 50 ft)] were established between the ROW 
center and the forest edge. One of each of the major 
treatment plot pairs in each replication was treated on 
June 15,1992 with a 3 m (10 ft) wide blade plow (Savan
nah Forestry Equipment, Inc.) pulled by a Caterpillar 
D7 crawler tractor in an attempt to horizontally sever 
existing tree root systems 20-25 cm (8-10 inches) below 
the soil surface. Roots were also cut vertically with 
upstanding blades attached at 80 cm (2.5 ft) intervals on 
the upper surface of the blade plow. The remaining 
major treatment plots served as mowed-only controls 
for the blade plow treatment.

Each of the major treatment plots was then subdi
vided into four, equal sized, randomly assigned, fol
low-up treatment plots [9.2 x 15.5 m (30 x 50 ft)]. The 
follow-up treatments consisted of a summer selective 
spot application of low volume foliar herbicide, a late 
winter controlled burn (conducted in the winter be
cause the vegetation would not carry fire in the summer), 
a summer selective spot application of low volume 
foliar herbicide with a late winter controlled burn, and 
a control (no follow-up treatment). Herbicide plots 
were treated with a mixture of 4% Garlon 3A (Triclopyr 
amine), 0.25% Arsenal (Imazapyr) and 1% LBFIOO (sur
factant), applied with a Philly Foam backpack sprayer 
in late July 1992. Only undesirable tree species were 
spot treated. Equipment, chemicals and operator were 
supplied by Asplundh, Inc. A winter bum was made 
on appropriate treatment plots in late February 1993.

Response data for this study was collected in the 
summers of 1993 and 1995. Tree sprouts and seedlings 
within a 2.3 m (7.5 ft) radius of each follow-up treatment 
plot center were identified by genus, measured for 
height (tallest stem of multiple stem clumps) and per
manently tagged. Multiple stem clumps were counted 
as one individual tree for the tree number parameter. 
By dividing the number of total stems by the number 
of individual trees, the number of stems per tree was 
calculated. Other plants (woody and herbaceous) were 
quantified (number of species and occurrences) on a 
1 m  ̂ sample plot located randomly in the treatment 
plots. Shannon-Weaver (1949) biodiversity indices were 
calculated for each of these sample plots.

During data analysis, plot values were converted to 
a per hectare basis. Cumulative tree height growth was 
calculated as the summation of the height of the domi
nant stems (Miller, Zutter, Zedaker, Edwards, and 
Newbold 1993). This value serves as an index of unde
sirable tree total growth. The replicated, randomized, 
nested design was analyzed using Analysis of Variance 
and Duncan's mean separation test.
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RESULTS AND DISCUSSION 

Site comparison
The Dubach site had much higher variability in the 
measured tree parameters, 32% fewer trees, and 34% 
fewer stems per tree than the Simsboro site during the 
1993 measurements (Tables 1 and 2). The Dubach site 
also had 19% less mean tree height and 45% less cumu
lative tree height than the Simsboro site as well. These 
relative differences between the two sites were main
tained in the 1995 measurement period.

The 1995 measurements indicated the control treat
ment at the Dubach and Simsboro sites had 1.6 and 20% 
respective increases in the number of trees since the 
1993 measurements. The Dubach site had a 30% reduc
tion in the number of stems per plant, while the 
Simsboro site had a 57% reduction (Tables 1 and 2).

These reductions in stems per tree are probably due to 
self-thinning of multiple stems per individual.

Blade plow treatment
Results at the two sites for treatment effects were gen
erally similar. However, because of high variability 
and the relatively small sample size, the total number 
of trees remaining was not statistically different in 1993 
between the control and the blade plow only treatment 
at Dubach. However, the trends in the data for the 
blade plow treatment at Dubach showed a 66% lower 
mean value in tree numbers (Table 1). The 1995 data 
indicated that the blade plow only treatment had a 
statistically lower (31%) value than the control.

The mean number of stems per tree actually in
creased significantly in the blade plow treatment over 
the control at Dubach in 1993, but mean tree height for

Table 1. Tree sprout and seedling data for the treatment plots at the Dubach site

Number of trees 
(xlOOO) (h-i)

Mean number of sfems 
per plant

Mean height 
(cm)

Cumulative ht. growth 
(m X 1000)

1993 1995 1993 1995 1993 1995 1993 1995

Treatment — control ns « ** ns ** ns *
Control 15.6a 15.3ab 3.1bc 2.2a 50.3a 108.7a 7.4a 6.9a
Herbicide 10.9a 17.5a 1.4d 1.2c 32,3b 84.5bc 3.5a 6.0ab
Burning 10.9a 11.4ab 3.2ab 1.9ab 42.4ab Sl.Obc 4.7a 3.8ab
Herb/burning 4.7a 12.6ab 2.3bc 1.2c 39.1ab 78.2bc 1.8a 4.0ab

Treatment — blade plow
Control 5.2a 10.6ab 3.8ab 1.2c 33.3b 64.8c 1.7a 2.9ab
Herbicide 2.7a 3.0b 3.5ab 1.4bc 33.5b lOO.lab 0.9a 1.1b
Burning 9.4a 12.6ab 3.3ab 1.6abc 42.4ab 79.2bc 4.0a 4.0ab
Herb/burning 7.7a 7.9ab 4.6a l.Sabc 32.0b 74.2bc 2.4a 2.4ab

Means in a column followed by the same letter are not significantly different at P 
non-significant), (* = significant at P = 0.05), = significant at P = 0.01).

0.05 by Duncan's mean range test (ns =

Table 2. Tree sprout and seedling data for the treatment plots at the Simsboro site

Number of trees 
(xlOOO) (h-i)

Mean number of stems 
per plant

Mean height 
(cm)

Cumulative ht. growth 
(m X 1000)

1993 1995 1993 1995 1993 1995 1993 1995

Treatment — control ns ns ♦* ns **
Control 21.9a 27.9a 4.7ab 2.0c 61.7abc 148.8a 13.5a 17.8a
Herbicide 15.3ab 17.0ab 4.4ab 2.2bc 53.8bc 143.0ab 7.7abc lO.lab
Burning 15.3ab 16.3b 6.8a 3.4a 68.6a 159.8a 10.2ab 10.9ab
Herb/burning 12.4abc 15.8b 6.8a 2.7abc 55.9abc 134.9ab 6.8abc 8.8ab

Treatment — blade plow
Control 9.6 be 13.8b 4.7ab 2.3bc 62.7ab 144.5ab 6.2bc 8.1b
Herbicide 4.5c 10.4b 3.5b 1.7c 47.5cd 121.2b 2.0c 5.1b
Burning 9.4bc 12,1b 4.9ab 3.lab 53.1bc 150.4a 4.6bc 7.5b
Herb/burning 3.7c 8.2b 4.8ab 2.4bc 38.4d 94.5c 1,4c 3.2b

Means in a column followed by the same letter are not isignificantly different at P = 0.05 by Dmican's mean range test (ns =
non-significant, (* = significant at P = 0 .05), (** = significant at P = 0.01).
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the blade plow only treatment was statistically less 
than the control (Table 1). In 1995, this statistical differ
ence in height remained, with the average total height 
on the control plots exceeding that of the blade plow 
treatment by 46%.

The cumulative tree height index value on the con
trol and the blade plow treatments at the Dubach site 
was not statistically different in 1993, even though a 
78% lower trend was noted for the blade plow treat
ment (Table 1). The cumulative height growth index 
between the control and the blade plow treatment was 
also not statistically different in the 1995 data, although 
the trend was 58% less than the control (Table 1).

At the Simsboro site, the total number of trees re
maining on the blade plow treatment was statistically 
less than the control in 1993. The overall number of 
trees at this site did increase in 1995, but the statistical 
difference between the treatments remained, with the 
blade plow treatment still having 50% fewer trees. The 
mean number of stems per plant decreased between 
the 1993 and 1995 growing seasons, with no significant 
difference indicated between the blade plow treatment 
and the control.

No statistical difference was noted at Simsboro in 
the 1993 data for the cumulative height growth index. 
However, the 1995 data did show a significant differ
ence, with the blade plow treatment having a 55% 
smaller cumulative height growth index than the con
trol (Table 2).

Follow-up treatments
Evaluation of the follow-up treatment combinations 
indicated that the blade plowing with spot foliar herbi
cide application, the blade plow with winter burning, 
and the blade plow with spot herbicide plus winter 
burning follow-up treatments all significantly reduced 
the number of trees and the cumulative tree height 
growth at Simsboro (Table 2). However, no significant 
differences among follow-up treatments were detected 
at the Dubach site, even though there was a large re
duction in tree numbers and cumulative growth trends 
for the blade plowing with winter burning, and the 
blade plowing with spot foliar herbicide application 
plus winter burning follow-up treatments. These dif
ferences occurred in both the 1993 and 1995 data (Table 
1). A statistical difference was noted at Dubach for 
blade plowing with spot herbicide in the 1995 data. The 
plot layout and the small number of treatment plots, 
along with high within site variability at Dubach may 
have been responsible for the low number of statistical 
differences.

Winter burning only and blade plowing with the 
winter burning follow-up treatment were the least ef
fective in reducing the number of trees, mean heights 
and cumulative tree height growth index at the Dubach 
site (Table 1). The winter burning only, and blade plow 
with winter burning follow-up treatment were also the 
least effective at the Simsboro site (Table 2).

Table 3. Herbaceous plant mean data for treatment plots on the Dubach Site

Control Blade plow

Control
(Sp/No)

Herbicide
(Sp/No)

Burning,
(Sp/No)

Herb/Bum 
(Sp/No)

Control
(Sp/No)

Herbicide
(Sp/No)

Burning
(Sp/No)

Herb/Bum 
(Sp/No)

Monocots 10/69 13/55 14/59 17/57 8/47 14/40 12/53 12/48
Dicots 13/93 15/212 19/96 10/115 19/81 11/26 29/62 24/74
Trees 7/18 14/36 11/56 9/32 8/37 8/35 8/31 11/44
Shannon-W eaver 1.32 1.10 1.56 1.22 1.62 1.51 1.63 1.74

diversity index

Sp = The number of species found on three 1 m  ̂plots.
No = The number of occurrences of all species found on three 1 m'̂  plots.

Table 4. Herbaceous plant mean data for treatment plots on the Simsboro Site

Control Blade plow

Control Herbicide Burning, Herb/Bum Control Herbicide Burning Herb/Bum
(Sp/No) (Sp/No) (Sp/No) (Sp/No) (Sp/No) (Sp/No) (Sp/No) (Sp/No)

Monocots 10/35 7/24 12/45 9/33 12/44 14/37 9/39 8/27
Dicots 20/61 11/32 20/50 14/43 17/50 17/30 19/51 20/43
Trees 10/30 9/26 10/23 11/24 9/23 9/14 10/16 6/07
Shannon-Weaver 1.61 1.47 1.59 1.56 1.49 1.62 1.66 1.53

diversity index

Sp = The number of species found on three 1 m  ̂plots.
No = The number of occurrences of all species found on three 1 plots.
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Treatment effects on plant biodiversity
Some of the treatments in this study that were aimed 

at reducing the tall tree species component of the vege
tation communities on the ROWs were fairly success
ful. Because of the reduction in tree numbers due to the 
treatments, the woody plant component of the plant 
communities did decline. However, biodiversity of the 
remaining vegetation, as measured by the Shannon- 
Weaver diversity index, was not significantly impacted 
by any of the treatments (Tables 3 and 4). In addition, 
no discernible pattern existed in the relative numbers 
of herbaceous dicots and monocots on the treatment 
plots. Thus, blade plowing and some of the follow-up 
treatments appeared to achieve the stated goal of sig
nificantly reducing the tall tree species component of 
the vegetation community on the ROWs while main
taining maximum plant biodiversity.

SUMMARY CONCLUSIONS

1. The study revealed that the upland vegetation com
munities in the ROWs were much less homogeneous 
than expected. High variability existed in plant com
munity composition within sites. Considerable vari
ation also existed between the study sites.

2. Blade plowing significantly reduced total tree num
bers and the growth rates of surviving trees. The 
blade plow offers potential as a mechanical means of 
selectively controlling tree species on ROWs.

3. The follow-up treatments of selective spot foliar ap
plication of herbicide and spot foliar herbicide appli
cation plus winter burning further reduced tree 
survival and growth beyond blade plowing alone.

4. Blade plowing and the follow-up treatments did not 
change non-tree plant species biodiversity.

5. Winter burning by itself or in conjunction with blade 
plowing is not effective in reducing the tree sprout
ing problem, although it is immediately successful 
in the removal of above ground stems like cutting.
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A Project Habitat® Initiative in Eastern New
York State, February 1997

Scott D. Shupe, Kenneth E. Finch, and Edward F. Neuhauser

Ongoing Niagara Mohawk Power Corporation (NMPC) research evaluates right-of-way (ROW) 
selective vegetation management techniques to expand habitat for the host blue lupine plant of the 
endangered Karner blue butterfly (KBB), while retaining traditional ROW operations and mainte
nance techniques near Albany, New York. Routine broadcast herbicide applications in the 1960s 
and 1970s favored lupine by emulating a pioneer succession zone normally created by fire. Outside 
ROWs, this habitat continues to be lost to urbanization. A habitat preserve was formed in 1988, but 
only within the last five years have individual and group enhancement efforts become organized. 
In 1995, NMPC helped foster a coalition of these groups under the umbrella of Project Habitat®. 
This initiative favorably influenced the U.S. Fish and Wildlife Service to issue NMPC a research 
permit in lieu of an Endangered Species Act (ESA) 'incidental take' permit. Today's selective ROW 
vegetation management techniques favor shrub communities; we suspect this may be counterpro
ductive, leading to the exclusion of nectar species. Hence, the research permit becomes a vehicle to 
enhance habitat, to preserve operations and maintenance options, and to reduce risk of ESA 
penalization.

Keywords: Project Habitat®, blue lupine, Karner blue butterfly, herbicides. Integrated Vegetation 
Management, plant succession. Endangered Species Act

INTRODUCTION

The November 1996 trade journal Electric Light and 
Power carried an article recognizing 12 utilities for be
ing first in the Nation to establish right-of-way (ROW) 
management programs designed to protect and en
hance wildlife habitat under the new banner of Project 
Habitat®. But what is it? In 1995 American Cyanamid 
Company (maker of Arsenal® herbicide) sponsored a 
program in cooperation with the National Wild Turkey 
Federation, Buckmasters, and Quail Unlimited to help 
utilities improve habitats on their lands. Project Habi
tat® combines education, public relations, and grass 
roots occupation (literally) of lands tradifionally man
aged for one purpose. Participants in Project Habitat® 
endeavor to manage lands for the original purpose 
(e.g., safe, reliable transmission of energy) while also 
making those parcels attractive to wildlife. The origi
nal projects focused on consumptive (game) species. 
This Karner blue butterfly {Lycaeides melissa samuelis)

endeavor is the first partnership to promote a non-con
sumptive species, and enables Project Habitat® to bring 
on board organizations not normally aligned with 
himting.

For years, to protect sensitive vegetation and ecosys
tems, regulators told us not to drive into wetlands. 
Today, many rare species in these wetlands are found 
only on fhe soil micro-fopography perturbed by old- 
style construction methods. Similarly, high volume 
broadcast herbicide applications were discouraged, 
but today some rare plants thrive only where radical 
clearing and maintenance techniques were employed. 
Despite the 'green skills' our industry has acquired in 
the last 25 years, retrospect, contemporary research, 
and common sense suggest that in circumstances 
where the goal is micro-habitat manipulation, selective 
and invasive techniques may be more beneficial than 
preservation. Elements of the older methods may be 
superior when the goal is promotion of endangered 
species habitaf.
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BIODIVERSITY AND INTEGRATED VEGETATION 
MANAGEMENT

Niagara Mohawk Power Corporation (NMPC) recog
nizes that many of today's politically correct buz
zwords are simply old ideas repackaged by science. 
Aldo Leopold (1949) postulated that "the first rule of 
intelligent tinkering is to save all the parts". More recently, 
jack Ward Thomas commented that the Endangered 
Species Act (ESA) should be recast to emphasize eco
system protection. He stated that "The true intent and 
challenge for managers is to preserve the ecosystem upon 
which species depend, not the iridividual species." (Green- 
wire 11/13/96). In managing its ROWs, NMPC has 
found that these principles of biodiversity can be ap
plied in local habitat circumstances for ecosystem pro
tection, virtually at no-cost, while guaranteeing line 
integrity, and winning points for stewardship. Its fun
damental strategy may employ Integrated Vegetation 
Management (IVM).

Integrated Pest Management (IPM) is a strategy em
ploying multiple methods of pest control, rather than 
reliance on one procedure. IVM is the component of 
1PM which balances the use of cultural, ecological, me
chanical, and chemical procedures for controlling un
desirable vegetation (McLoughlin 1996). Ideally, IVM 
mixes alternative control methods to minimize use of 
chemical and mechanical control methods over the 
long-term, and relies extensively on natural or induced 
ecological processes to achieve stands of vegetation 
that retard other species capable of compromising 
overhead line integrity (EPRI 1995). NMPC has 
evolved over the last twenty years a ROW manage
ment technique that fosters a desirable, low-growing 
plant community using IVM (Pinch and Shupe 1997). 
However, prior techniques on some ROWs recreated 
the habitat for an endangered butterfly. IVM now plays 
an important role in sustaining that habitat.

ROW CLEARING HISTORY

Bramble and Brynes (1983) working in Permsylvania 
helped give rise to IVM. On a three-mile segment of 
ROW first cleared in 1951-2, and using early herbi
cides, they documented a progressive conversion of the 
forest ecosystem into a shrub and grass/forb commu
nity that attracted wildlife. At the same time Rachael 
Carson (1962) began enlightening the world as to the 
dangers of chemicals. In the decades since, industry, 
applied scientists, and fledgling governmental and 
non-government organizations have been seeking to 
balance each others' perceived roles as stewards of the 
environment. Much of the debate has been if and how 
pesticides should be used.

By the late 1970s, NMPC's ROW management pro
cedures and data were being scrutinized by the New 
York State (NYS) Public Service Commission (PSC)

and the NYS Department of Environmental Conserva
tion (NYSDEC). Broadcast foliar treatments seemed to 
have set back plant succession to its earliest stages. But, 
NYSDEC's Endangered Species Unit (ESU) was con
cerned that NMPC's methods would adversely affect 
one of the pioneer plants — the native blue lupine 
(Lupinus perennis).

Sensitized to changing public values, in 1980 the 
PSC ordered the NYS investor-owned utilities to de
velop long-range ROW management plans and strate
gies which included the precepts of selective, 
integrated management. These precepts included pres
ervation of 'desirable' species — why spray something 
that will not grow into overhead lines? But as suburbs 
expanded into transmission lines, NMPC found it in
creasingly difficult to foliar spray at all.

As NMPC converted to a selective vegetation man
agement scheme to save money and chemical, and to 
favor low growing shrub communities, the ESU noted 
that conditions for lupine seemed to have deteriorated. 
The ESU wanted a more invasive management tech
nique, but was undersold with IVM at this time of 
growing anti-chemical sentiment. NMPC then tried 
mowing, with a dormant season cut-stubble herbicide 
application. Interestingly, NMPC found the regulatory 
agencies quite receptive, especially the ESU.

The Karner blue butterfly {Lycaeides melissa samuelis), 
living on NMPC ROWs, had captured the public's at
tention in the state's capital region (Sigurdsson 1992; 
Pair 1993). It was listed as a NYS endangered species in 
1977; lupine was its host plant.

LUPINE AND KARNER BLUE BUTTERFLY LIFE 
HISTORY

Karner blue butterfly (KBB) habitat is a dry, periglacial, 
pitch pine-oak-sand belt complex spanning four coun
ties in eastern NYS and New Hampshire on which the 
butterfly was first described. KBB also live in the oak 
savannah of Ontario, Minnesota, Indiana, Wisconsin, 
Ohio and Michigan. The insect's life span is about five 
days. It has two, 2-week flight periods, one in early 
June, another in late July. The larval butterfly feeds on 
lupine foliage. The adult selectively feeds on blue lu
pine and other nectar species, then lays its eggs in the 
lower whorls of the lupine plant, about 8 inches above 
the soil (Packer 1990).

Lupine first blooms in late May and blossoms fall by 
early August. Stands of 500 or more plants each are 
required to support shifting clusters (metapopulations) 
of KBB. In the old days, lupine seeds were carried into 
soils where intense summer wild fires had consumed the 
duff. Sandy soils repeatedly purged of organic layers 
made good seed beds. There the plants had little compe
tition and lots of light. Smallidge (1992) provides strong 
evidence that an intense light level is an important deter
minant for the success of lupine. Seeds falling into oak
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leaf litter, which is rich in tannin and slow to decay, 
never reach the soil to germinate. If they do, plants are 
shaded out by the taller, woody overstory.

Schweitzer (1989) and other lepidopterists believe 
that fire must be used to recreate habitat suitable for 
lupine. Native Americans used fire for vegetation man
agement — their technique for the biodiversity vision 
of that era. But wild fires are no longer acceptable in a 
countryside fragmented by domestic and commercial 
enterprises, and bound by a Clean Air Act, so fire for 
ROW management has been abandoned.

Schweitzer theorizes shifting clusters of KBB 
recolonized post-wildfire habitats as lupine estab
lished large plant stands across the sand barrens. No 
areas were permanently depopulated until fires were 
controlled and habitat was so fragmented that meta
populations were too far apart to maintain the species. 
This progression is somewhat supported by the docu
mentation that New York forests, only 25% of its land 
in 1880, cover 62% of the state today (USDA 1993).

Previously reticent for line safety and perceptions of 
adverse publicity, NMPC now is now to allowing con
trolled burning experiments on its lines and on pro
tected private and public parcels next to its ROWs. The 
Albany Pine Bush Preserve Commission has both NYS- 
DEC-ESU and public support for its fire trials.

THE NEW PARTNERSHIP  

Recognition
at about the time NMPC was entering its third cycle of 
IVM treatments, it suggested that there are other 
means to emulate the result of fire. ESU enlisted 
NMPC's help, since the utility had been cooperating 
with the agency to schedule vegetation maintenance 
work around KBB flight periods. The ESU also inferred 
that initial broadcast herbicide treatments had uninten
tional but positive effects on lupine populations, and 
had enhanced dispersal corridors cormecting spatially 
discrete KBB populations (Smallidge 1992). ESU in
formed NMPC that, despite its efforts and capital ex
penditure, the greatest numbers of KBB 
metapopulations were on ROWs and at the Saratoga 
County Airport, which was mowed twice a year.

NYSDEC-ESU reconsidered the effects of mowers 
and herbicides. Likewise, the mowing at the airport 
also probably emulated fire's role in setting back plant 
succession. Additionally, the vehicular disturbance of 
the ground by mowers may have groomed a seedbed. 
Swengel (1996) believes that mowing emulates grazing 
by a host of mammals no longer present, but which 
formerly held the ecosystem in balance; he disapproves 
of fire as a management technique. Borth (1996) also 
questions controlled bums. Although potentially 
harmful to extant butterflies, fires may be used to pre

pare seed beds for cultivation of lupine and subsequent 
occupation by butterflies.

NMPC and NYSDEC-ESU were now theorizing 
that, for a successful lupine/KBB microsystem, the 
PSC's mandated desirable shrub order may be counter
productive, causing deterioration of plant succession 
conditions favoring lupine. It was at this time a decade 
of rather unstmctured cooperation for the species be
gan to crystallize a sizeable group of interested parties 
heretofore cautious of one another.

Project Habitat® as the catalyst
Ideally, one will find a task easier and more complete 
if others share. So together, the regulators, those who 
disliked the concept of herbicides, chemical advocates, 
and those who wanted to use NMPC ROWs for their 
purposes (purposes not always viewed as compatible 
with safe transmission of energy) paid attention to each 
others' agendas. Project Habitat®'s genesis in 1995 was 
a timely catalyst.

The partners in NYS's first Project Habitat® en
deavor are: the NYSDEC, the U.S. Fish and Wildlife 
Service, the Albany Pine Bush Preserve Commission, 
The Nature Conservancy, American Cyanamid Com
pany, and NMPC.

For several years after extant lupine and KBB meta
populations had been identified on our ROWs, NYS- 
DEC's Endangered Species Unit wanted NMPC to post 
signs at each site; NMPC was reluctant.
-  Vandalism and pilferage were problems in this ur

ban area.
-  Why put up a sign to advertise an endangered species?
-  What would the signs say, and who would pay for

and erect them?
NMPC rethought use of signs. A sign was designed 

and endorsed as a vital communication tool, one bring
ing an important message to all field forces working on 
our ROWs. Project Habitat® signs, replete with text 
written by NYSDEC and displaying the logos of all 
participants, now seemed appropriate. Its text cautions 
those entering the ROW that sensitive habitat is pre
sent, and that before starting any work, they should 
first call one of two phone numbers for advice on how 
to proceed.

NMPC printed and paid for the signs, and NYSDEC 
agreed to maintain them. Delivering a few signs to each 
of the participants for publicity, signs were then in
stalled at the perimeters of 73 distinct lupine plots. 
After six months, only a few have been pilfered. This $8 
plastic sign crystallized a pact between previously sus
pect parties. The public recognition and publicity has 
been overwhelmingly favorable, even from employees 
we suspected would dismiss the significance of the 
undertaking. One of the cornerstones of the discus
sions during 1995's partnership development was re
search completed for NMPC three years earlier.
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RIGHT-OF-WAY MANAGEMENT AND RESEARCH

Since 1980, NMPC knew it had lupine and KBB clusters 
on its ROWs, but neither it nor NYSDEC had invento
ried them. In 1992, NMPC commissioned the State 
University of New York College of Environmental Sci
ence and Forestry (ESF) to inventory over 640 km (400 
miles) of ROW (> 34.5 kV). Using GPS techniques, 71 
lupine patches and 15 KBB metapopulations were lo
cated. More have since been found. As expected, the 
initial study demonstrated the lack of information 
available on the impact of vegetation management on 
the butterfly and its habitat, specifically the blue lupine 
plant. But it concluded that vegetation management 
techniques to eliminate scrub oak, locust, pine, aspen 
and other species which grow into conductor zones 
benefitted lupine by eliminating shade. Entities des
tined to become partners in Project Habitat® began to 
recognize that line maintenance vehicles and herbi
cides played a significant role in creating and sustain
ing lupine seedbeds. Although the Albany Pine Bush 
Preserve Commission (1993) had considered discour
aging herbicide usage, its staff was now soliciting 
NMPC's advice on appropriate mixtures to control 
woody vegetation on Preserve lands.

So, in 1995 the ESF contract was modified, addi
tional sites were located, and 28 ROW sites (absent 
extant KBB) were selected for test treatment plots. On 
these sites the structure and composition of trees, 
shrubs, and herbs is recorded. Against control sites, six 
treatments are imposed and will be monitored for eight 
years:
-  modified high volume broadcast herbicide applica

tion (foliar),
-  low volume selective foliar application (backpack),
-  cut and stump treatment with herbicide,
-  cut with no stump treatment,
-  mowing on a regular cycle (2-3 years), and
-  annual mowing.

The first four treatments are traditional NMPC tech
niques to manage woody stems on electric ROW'S, the 
next two are used on gas lines, and the last is for 
"Others" who may be able to adopt plots for lupine 
cultivation elsewhere off the ROWs.

NMPC's research strategy for the ROW-lupine-but- 
terfly association developed along three paths, (1) vali
date methods which provide cost effective means to 
manage the ROWs, including continued use of herbi
cides; (2) improve methods to expand/propagate lu
pine populations, including fostering partnerships 
which integrate multiple uses of our ROWs in the Al
bany Pine Bush Preserve; and (3) continue the ESF 
R&D project to study effects of ROW vegetation man
agement on blue lupine, an effort which lends itself to 
(1) and (2). The main goal of the research is to deter
mine which of the available IVM strategies and tech
niques can be optimized to fulfill NMPC's goals of 
cost-effective, reliable ROW vegetation management

while providing optimal conditions for the blue lupine 
and other nectar plants.

THE APPLIED VALUE OF RESEARCH AND 
PARTNERSHIP

Listing
In September 1991, the USFWS notified NMPC that the 
KBB was proposed for listing, and that it wanted our 
help in conservation and recovery activities for this 
species. We were then admonished that the species had 
already been listed as endangered by the NYSDEC, and 
was therefore protected from taking, including adults, 
larvae, and eggs. Moreover, alteration of essential habi
tat was subject to compliance with NYS law. Although 
NMPC had cooperated for eleven years with the agen
cies' interest in this butterfly on our ROW'S, we were 
strictly liable. The butterfly was listed, with no critical 
habitat, on 14 December 1992 (FR).

Court case
In a 6-3 ruling, the 1995 Supreme Court decided that 
the government can prohibit the destruction of habitat on 
private property. In Babbitt vs. Sweet Home of Communities 
For a Greater Oregon (No. 94-859) the court upheld the 
USFWS's interpretation of 'take' — "to harass, harm, 
pursue, hunt, shoot, wound, kill, trap, capture, or col
lect" — to include modification of habitat as synony
mous with "harm". Interior Secretary Babbitt defined 
'harm' to include "significant habitat modification or 
degradation that actually kills or injures wildlife". The 
Court has since refused to consider arguments that 
Federal Law requires proof of concrete harm to species 
before the government can impose restrictions on pri
vate property. While most utilities take easements, Ni
agara Mohawk owns most of its higher voltage ROWs, 
so the case was critical.

‘Catch 22’
NMPC was considering asking to grow more butter
flies so it could increase our probability of killing them 
in violation of the law! Why should it cooperate? 
NMPC is risk-averse and does not wish to be sullied by 
any such claim or the costs of refuting an allegation.

Furthermore, by orders of the NYS Public Service 
Commission, NMPC was obligated to prescribe a 
maintenance strategy on its electric rights-of-way that 
clearly is habitat alteration. IVM inexorably relies on 
the application of registered herbicides. NMPC's prob
lem was to comply with apparently conflicting state 
and federal mandates. How?

The key was to demonstrate that the habitat "modifi
cation" was not habitat "destruction". The challenge was 
to prove this in a cost-effective, non-adversarial manner. 
NMPC's solution was the integration of some research 
and development, communication, professional coopera
tion, and common sense. So far, all parties seem to be 
winners.
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ENDANGERED SPECIES ACT FILING OPTIONS

Upon deciding that ESA conapliance was a wise busi
ness move, NMPC pondered how to apply for a per
mit. Its initial perspective was that during the course of 
maintaining the lines or treating vegetation, butterflies 
in flight would be harmed, hence NMPC would be 
guilty of an "incidental take".

Now 50 CFR § 10 and § 13 are deceptively simple; 
you send $25 attached to a one page permit application 
form. You support the application with a simple habi
tat conservation plan (HCP) to monitor the species you 
are "taking".

Scanning the Wisconsin HCP's dozens of flow 
charts, pages of participant lists and testimony, refer
ences to antitrust pilot studies, modeling, inventories 
and mapping, GIS requirements, homework assign
ments, alternative land management plan proposals, 
annual reports, herbicide research, et cetera, it became 
evident that an HCP was anything but "user friendly".

USFWS role
NMPC wrote a relatively short plan and asked for a 
maintenance "incidental take" permit, in perpetuity. 
Surprising NMPC, the Service thought NMPC could 
qualify for a § 17 scientific permit, rather than applying 
for an "incidental take" which required an HCP. More
over, NYSDEC agreed, but wanted to take the lead and 
require NMPC to get a permit from it, instead. USFWS, 
however, said that NYSDEC had not yet formulated a 
complete state recovery plan for KBB, so NMPC's Fed
eral application would meanwhile take precedence.

NMPC described Project Habitat®. The USFWS rec
ognized this approach, and following a few months of 
informal exchanges, expedited NMPC's filing for an 
eight-year research program permit under the ESA. 
The permit not only recognized the importance of her
bicides, but it ultimately embraced NMPC's unfettered 
ROW management on almost 1,000 miles of gas and 
electric ROW's. A commitment to research generated a 
win-win protection and enhancement scenario for but
terflies and nectar species without the tribulations of an 
expensive HCP. USFWS was happy; it sensed an ami
cable success in its mission. It requested (and got) ap
proval to use NMPC's photos of KBB in its web page 
and ESA brochure. NYSDEC secured its desired signs, 
and access to our powerlines and reports.

Permit obligations
Most importantly, our negotiations resulted in an ac
ceptable permit. NMPC will inventory its gas lines for 
lupine and KBB, and monitor any changes on the elec
tric lines. NYSDEC agreed to conduct the monitoring 
program. Specific conditions of the permit include:
— Limit the height of our mowers to 20.3 cm (8 inches).

(NMPC does not normally use herbicides on gas
lines, which are mowed every three years.)

-  Herbicide treatments will be every 7-8 years, mostly

by backpack or low pressure hydraulic hose rigs 
stationed outside lupine patches.

-  Known KBB sites will be avoided from 1 April 
through 31 August. NMPC wanted access by 1 Au
gust, but since only about 15 occupied spans are 
known, it will have to bypass only three or four sites 
each year on an eight-year cycle. Crew remobiliza
tion costs to avoid KBB will be negligible.

-  NMPC agreed not to pile brush debris near lupine. 
Rabbits, deer, and woodchucks eat lupine, so they 
are deprived of shelter.

-  Signs are to be posted to alert crews to sensitive 
habitat. A six-minute videotape carries this message 
to all regional employees.

-  Finally, NMPC submits an annual summary each 
March 31 reporting any takings, results of the R&D, 
and announcing the next year's maintenance 
schedule.
By the end of 2003's treatment cycles and the ESF 

R&D project, USFWS expects that enough new lupine 
will have emerged, and more KBB will be seen, that the 
permit can be renewed with more favorable condi
tions. NMPC hopes to relax the 31 August date to 
enable it to reduce crew jumps. This would mean that 
a few lupine plants will be expendable because our IVM 
techniques and Project Habitat® will have significantly 
increased overall populations.

RELATED OPPORTUNITIES

Successfully orchestrating a partnership will probably 
result in new parties surfacing with additional re
sources or experience. Soon after signs were posted on 
ROWs, NMPC was contacted by the local Boy Scout 
Camp Director. One protected plot was on a line that 
crossed Camp Saratoga. NMPC learned that Scouts 
had an active program to cultivate blue lupine, and 
were attaining a success level not shared by others 
studying or practicing recovery techniques. Knowing 
that the Scout's low cost methods of preparing seeds, 
preparing seed beds, protecting plants, and expand
ing/ dispersing root propagules (emulating the effects 
of wild fire in yet another way) would be of interest to 
the Project Habitat partners, NMPC 'cross pollinated' 
discussions. Consequently, The Nature Conservancy is 
researching the property, and the USFWS supplied the 
camp with bulldozer rentals to prepare additional 
ground, and purchased deer fencing to reduce grazing.

NMPC has also learned that interest in pioneer nectar 
species is shared by a variety of urban horticultural 
groups, agribusiness, and agencies. Collectively they 
have noted a reduction in apiary and wild bee numbers. 
The increasing reversion of NYS forest land and growing 
number of acres in residential lawns has reduced the 
plant diversity, reducing habitat for pollinators. While 
disease and parasitism in wild bee populations are still 
a concern, NMPC's ROW maintenance program to pro



I 5 S S.D. Shape, K.E. Finch, and E.F. Neuhauser

mote and sustain pioneer species will also help feed 
and disperse pollinating species along the 1000 miles of 
ROW in these four counties.

The Project Habitat initiative has piqued the interest 
of Pheasants Forever, the Ruffed Grouse Society, and 
the NYS Conservation Council. NMPC will be study
ing opportunities for enhancement of habitat for new 
candidate species. As NYS forests mature, the shrub 
community needed for grouse and migratory wood
cock, the shallow wetlands needed for migratory 
shorebirds, and agricultural borders providing cover 
for pheasants is lost. Project Habitat may be the vehicle 
to involve more citizens and to publicize positive pro
grams of utilities and industries under fire as deregula
tion comes of age.

Finally, as more ROWs are recognized as reposito
ries of sensitive habitats isolated by development or 
land use changes on adjacent lands, an opportunity 
may present itself to explore the concept of 'habitat 
banking' of ROW's and utility properties. This concept 
is one to evaluate for the next ROW Management Sym
posium.

SUMMARY

Niagara Mohawk's participation in its first Project 
Habitat endeavor suggests that others seeking to inte
grate wildlife habitat enhancements (especially for en
dangered species) with land management programs 
should:
-  Team the biology and ecology of your target species,
-  Learn how its habitat evolved on your parcel,
-  Learn the agendas and needs of your opponents and 

supporters,
-  Orchestrate a partnership with both,
-  Educate them of your needs and speak frankly of 

your reservations,
-  Scrutinize the legislation and Code of Federal Regu

lations,
-  Be flexible,
-  Contract for, and leverage appropriate research,
-  Encourage others to publicize the partnership and 

its goals,
-  Dedicate money for a long-term habitat conversion 

process, and
-  Employ the traditional Boy Scout training message 

—KISMIF (keep it simple, make it fun)!
Can utilities learn this is a competitive environment?
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Vegetation Management: Trends and 
Training in Transportation

Bonnie L  Harper-Lore

As land managers, highway agencies make decisions for over six million hectares of land. Because 
all rights-of-way managers (i.e., pipeline, electrical power, railroad, and highway) have the respon
sibility of managing corridors in a time of dwindling budgets, it is wise to share what we have 
learned with one another. They have two educational needs in common; (1) internal training in 
order to use the best known practices; and (2) public awareness in order to gain public support for 
our decisions. This paper intends to explain the past trends in vegetation management that led to 
the current trend in integrated roadside vegetation management (IRVM). This paper addresses the 
resulting changes in vegetation managers' attitudes and the public's expectations. A video' is 
introduced which communicates current trends to internal staff, as well as the public. The video 
tool is a cost-effective way to train staff and the public about the 1990s right-of-way management 
approach.

Keywords: Video, integrated roadside vegetation management (IRVM), training, public awareness, 
ecologic-economic approach. Executive Memorandum on landscaping

BACKGROUND — VEGETATION MANAGEMENT 
TRENDS

In the 1930s, roadside development programs were 
established in State Highway Agencies across the 
country. At that time highways acknowledged that 
their corridors accommodated more than road-build
ing. Landscaping and maintenance of the remaining 
real estate was given attention in an effort "to improve 
the appearance and usefulness of roadsides". The un
official management policy of the roadside develop
ment programs is reflected in the title of Bennett's 
(1936) book, "Roadsides, the Front Yard of the Nation". 
The front yard look was interpreted as that well-kempt, 
manicured front lawn of each of our homes. Within 
State Highway Agencies, maintenance crews took 
pride in that level of care. The public began to expect it.

In the 1950s, the advent of herbicides to control 
vegetation helped make that level of care possible, but 
it was also costly Mowing and spraying together be-

1 This combination internal training/public awareness video is 
available from the author at no cost as long as the supply lasts.

came the method that aimed for that front yard ideal. 
This "agricultural approach" to vegetation was costly 
in terms of man hours, and ultimately to the environ
ment. Herbicides affected water quality plus remnant 
plant commimities disappeared. Vegetation manage
ment crews worked effectively with the tools available 
to them. The public demanded that level of care.

In the 1970s, the "energy crunch" hit vegetation 
managers with reduced fuel budgets and limited the 
agricultural approach. In search of alternatives, many 
explored the idea of working with natural processes, or 
an "ecological approach". In effect, economics had 
given birth to an ecological solution. Many vegetation 
managers resisted the change to reduced mowing, spot 
spraying, and prescribed bum alternatives. The public 
was confused by the changes they saw and many re
quested the front yard look.

In the 1990s, land managers across the country needed 
both increased funding to explore ecology-based solu
tions, and improved support from the public. In an at
tempt to do both with an ecologic/economic approach, 
the Clinton Administration released an Executive Memo
randum (EM) promoting "environmentally and eco
nomically beneficial landscaping"; the memorandum
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recommended the "use of environmentally beneficial 
landscaping techniques, including increased use of na
tive species and reduced use of water and chemicals, at 
federal facilities and federally-funded projects, where 
appropriate." For State Highway Agencies, the EM 
was supportive of the emerging ecologic/economic 
approach in need of support. More roadside managers 
were able to move away from the front yard look 
towards a natural aesthetic where appropriate. The 
traveling public continued to need an explanation.

A VIDEO TRAINING AND AWARENESS SOLUTION: 
TWO AUDIENCES WITH ONE TEACHING TOOL

In 1997, the Federal Highway Administration pro
duced a video aimed at explaining the trend away from 
the "front yard of the nation" management for State 
Highway staffs and the public. Video segments from 
highway agencies across the country were compiled to 
demonstrate visually what the ecologic/economic ap
proach looks like and how it works. Segments were 
able to make the following statements:

Maryland encourages public partnerships 
Working with volunteers to do "more with less" is an 
economic necessity. Volunteers can help with ecologi
cal goals.

South Carolina shows signs of creative funding 
Funding from license plate revenues supplements 
minimal roadside budgets. Creative public awareness 
efforts build support.

Florida uses native plants and xeriscaping principles 
Granting projects that include ecological components 
also rewards beautification efforts.

Texas promotes its natural heritage
Restoring native vegetation results in increased tourism.

Minnesota reduces herbicide use
Using prescribed bums as a management tool serves as 
an alternative to herbicide use in an integrated man
agement approach.

North Dakota goes zuild
Encouraging private/public partnerships builds sup
port for native restoration projects.

Oregon protects rare and endangered species
Signing rare and endangered species aids vegetation
managers in protecting Oregon's ecosystems.

California acts as a land steward
Establishing statewide environmental policy encour
ages vegetation managers to respect ecologically-based 
vegetation management.

CONCLUSIONS

Support for vegetation managers and roadside 
environment
These key statements demonstrated the ingredients of 
the ecologic/economic approach encouraged by the 
Executive Memorandum. The video segments under
scored the importance of the partnership of highway 
vegetation managers and the highway users in "Taking 
Care of Roadsides". Highway users are able to: volun
teer to pick up litter, plant trees and wildflowers, and 
support roadside maintenance efforts. Further support 
to vegetation management was given by FHWA Dep
uty Administrator, Jane Garvey, with these words:

"On behalf of both Rodney, and myself, let me 
offer a particular note of congratulations to those 
of you who have worked so hard in programs and 
partnerships that protect and enhance the nation's 
roadside environment."

This training/public awareness piece will be used across 
the nation to underscore that vegetation managers can no 
longer afford to care for roadsides as if roadsides are our 
front yards. Rather managers can take pride in an 
ecologic-economic approach (IRVM) that demonstrates 
stewardship towards the millions of hectares that they 
manage. In turn, with increased public awareness, the 
public will no longer expect the level of care initiated in 
the 1930s, but be willing to accept an ecologic/economic 
approach that demonstrates a level of care which is envi
ronmentally friendly for well into the future.
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Designing Groundwater Monitoring 
Programs for Rights-Of-Way Facilities

Boyd Allen III

A challenging hurdle for rights-of-way and associated facilities is assessing potential impacts on 
groundwater resources. Measuring these impacts is both a scientific and public perception issue. 
Some impacts may not be quantified until several years after construction or initial operations. The 
general public's basic understanding of groundwater is often limited; their concerns focus on 
impacts on something they physically cannot see. Too often, industry monitoring programs 
become reactive responses to concerns raised by the public in the review and comment period. A 
proactive monitoring program presented in the initial planning stages of a project can reduce public 
skepticism and defuse fears about impacts on private wells, public water supplies and other 
groundwater resources. This paper considers several limited monitoring program approaches 
potentially applicable to linear facilities and stations (i.e., pipelines, gas compressor stations, oil 
pumping stations, etc.) that measure potential impacts on groundwater resources stemming from 
blasting, construction dewatering and wastewater discharge. These programs emphasize economi
cal hydrogeological monitoring approaches and screening and indicator compound oriented 
chemical analyses. Such programs can minimize impacts on project costs while still providing 
timely technical information to evaluate impacts on groundwater resources.

Keywords: Groundwater, monitoring, construction, right-of-way, environmental impact, linear 
facilities, screening parameters

INTRODUCTION

A challenging hurdle for rights-of-way and associated 
facilities is assessing potential impacts on groundwater 
resources. Measuring these impacts is both a scientific 
and public perception issue. Some impacts may not be 
quantified until several years after construction or in
itial operations. The general public's basic under
standing of groundwater is often limited and their 
concerns focus on something they physically carmot 
see. This paper advocates taking a proactive approach 
to monitoring by evaluating any need for monitoring 
and explaining to the public and regulators up front 
how any potential impacts will be monitored and 
evaluated. When specific monitoring guidelines are 
lacking, an advantage can be seized with a proactive 
monitoring program that allays the public's fears and 
presents regulators with a defensible and scientifically 
sound program protective of public health and the 
environment. Significant cost savings can be realized 
using several well chosen indicator parameters. If im

pacts are recognized at a later date, then a more com
prehensive list of parameters can be adopted and in
cluded for sampling.

THE PROACTIVE APPROACH

For many years, groundwater was "out of sight and out 
of mind." The general public took it for granted that 
"drinkable" groundwater was an assured right and 
would always be available. Dramatic front page head
lines about hazardous waste and toxic chemicals have 
heightened the public's awareness of the problems 
with contaminated drinking water. However, because 
groundwater flow is still "out of sight" and at times an 
abstract concept, the general public's understanding of 
groundwater movement and contamination is often 
limited. When any new linear facility or expansion of 
an existing one is proposed, a principal concern is often 
"Will my drinking water be affected?" Often times, the 
specter of "hazardous waste" or "groundwater impacts"
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is used by project opponents to block or stall projects 
that actually have negligible impacts on groundwater
resources.

A groundwater monitoring program is commonly 
used to evaluate potential impacts and changes on 
ambient groundwater conditions. These changes are 
measured either quantitatively or qualitatively and 
any deviations or trends from ambient conditions can 
provide a warning system so mitigative measures can 
reverse or rectify the deviation in order to preserve the 
ambient conditions. A successful monitoring program 
evaluates the need for monitoring, documents present 
conditions prior to any change in groundwater usage 
and continues to monitor for potential impacts.

Therefore, it can be in a proponent's best interests to 
take a proactive approach in proposing an effective 
monitoring program that meets project objectives and 
educates and addresses the general public's concerns. 
A scientifically sound monitoring program proposed 
at the outset of the project will reduce public skepticism 
and foster a better spirit of cooperation compared to a 
program forced upon the project by the public re
sponse period. A program presented at the outset 
shows that the proponent is not trying to hide some
thing or pull a "fast one".

Another benefit of the proactive approach can be 
quicker regulatory acceptance. Groundwater regula
tions relative to right-of-way projects often involve 
overlapping regulatory authorities, each concerned 
with a particular element or facet of the right-of-way. 
A composite monitoring program therefore, is more 
apt to "fall through the cracks" or be subject to delays 
in review compared to more traditional groundwater 
monitoring programs associated with specific types of 
"nonlinear" projects such as underground storage 
tanks, landfills or RCRA (Resource Conservation and 
Recovery Act) permitted sites. Discussions with sev
eral state agencies confirmed that given the lack of 
specifically applicable monitoring regulations to right- 
of-way projects, most monitoring programs would be 
evaluated on a case-by-case basis. State agencies have 
a primary purpose of protecting the public and the 
environment; a properly presented and well thought 
out monitoring program is more likely to receive time
lier regulatory approval from the applicable reviewing 
agencies than a "consensus" program generated by a 
committee of various state officials, each focused on 
their particular area of authority.

GROUNDWATER MONITORING PROGRAM 
ELEMENTS

The primary elements of a typical groundwater moni
toring program are:
— Conceptual Site Model
— Measurement Points
— Measurement Parameters

-  Measurement Frequency
The following discussion examines each of these ele
ments.

Conceptual site model
A conceptual model is a construct used to represent or 
approximate the field conditions of the site. It is based 
on the site specific and regional observations and theo
ries about the aquifer and its properties (porosity, hy
draulic conductivity, storativity). It answers (or 
attempts to answer) questions such as what are the 
ambient groundwater levels?; what are the aquifer ma
terials and properties?; what direction is groundwater 
flowing and how fast is it traveling?; how much pre
cipitation recharges the aquifer or runs off to streams 
and surface water bodies?; how is this aquifer con
nected to the bedrock, to other wells in the area or other 
surrounding areas? A good conceptual model shows 
both the public and regulatory community that you 
understand the local area and that the groundwater 
regime in question is not a generic "black box". As will 
be shown below, a good conceptual model is essential 
to selecting the most appropriate monitoring points, 
minimizing the number of parameters sampled and 
supporting a reduced frequency for monitoring.

In some cases, the conceptual model can actually be 
used to support the case for no monitoring program. This 
could occur if project activities are so well defined and the 
aquifer properties definitized such that the consequences 
of implementing project activities would have no meas
urable impact on the groimdwater regime.

Measuring points
A fundamental issue in the development of any moni
toring program is the selection of locations for monitor
ing wells and sampling stations. The conceptual model 
provides an understanding of groundwater movement 
and should be used to select locations where potential 
impacts would be first recognized, e.g., downgradient 
of a potential release site or at the property boundary 
closest to the right-of-way. The sampling point should 
also be located close enough to the potentially affected 
area to provide adequate time to evaluate any impacts 
and provide mitigation where appropriate. Because 
groundwater resources can be located in both bedrock 
and overburden aquifers, the monitoring points must 
also be located in the appropriate aquifer unit. If resi
dential wells might be affected by proposed right-of- 
way activities and these residential wells are located in 
a sand and gravel aquifer, then the monitoring point(s) 
should be located in the same formation and placed 
between the facility and the residential wells. For long 
segments of linear facilities such as pipelines, one or 
two representative measuring points can be utilized for 
the entire segment.

Newly constructed or drilled wells provide an as
surance of well integrity and location in the specific 
areas of interest. In many cases, existing wells from
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other explorations or monitoring programs can also be 
utilized provided they are appropriately constructed 
and located in the area of interest. Geotechnical borings 
installed during initial site planning and construction 
work can easily be converted to monitoring wells at the 
outset and thus, provide a savings in later construction 
costs if they are located in the appropriate area (refer to 
the conceptual model).

Where possible, monitoring wells should be located 
within the right-of-way or on station property to pro
vide adequate security and confidence that the wells 
will not be tampered with or destroyed. If wells must 
be located outside of the proponent's property control, 
agreements should be negotiated to provide uninter
rupted access. Appropriate security measures should 
then be taken to protect the wells (locking protective 
covers or low visibility, flush mounted road boxes). 
Note that if residential water supply wells must be 
included in the monitoring network, they pose poten
tial liabilities from a physical measurement standpoint 
(well depth, water levels and other downhole probes). 
Any measurement activity requiring the insertion of 
equipment into the well or borehole or removal of a 
well pump and piping may invite a damage claim if 
well performance or water quality change following 
the measurement event. These wells can usually be 
sampled safely for chemical parameters from a faucet 
or tap without affecting the performance of the well.

Each project should also include at least one back
ground monitoring well. This well is usually located 
hydraulically upgradient of any activity (based on the 
conceptual model). This apparent upgradient monitor
ing station is presumed to be unaffected by right-of- 
way activities and should document any regional 
changes in water quality or parameters not attributable 
to the proponent's activities. Be careful in the selection 
of the background well to make sure that it in turn is 
not going to be affected by other activities both within 
and outside of the right-of-way (e.g., your background 
well is located in the plume of an adjacent landfill).

Measured parameters
The goal of monitoring is to measure differences or 
contrasts between existing and future conditions. To 
that end, a limited group of selected indicator parame
ters can be identified to recognize these changes. Once 
changes are recognized, a more extensive list of analyti
cal parameters can be developed to quantify the spe
cific impact. Measurement parameters can be divided 
into physical and chemical subgroups. Examples of 
physical parameters include water level, total sus
pended and dissolved solids, turbidity, temperature, 
well yields and pumping rates. Chemical parameters 
include those that measure chemical properties such as 
specific conductivity and alkalinity as well as those that 
measure specific compounds and analytes.

Wherever possible, water levels should be meas
ured in available wells to generate the most complete

potentiometric (water level contour) map possible for 
each water bearing zone or aquifer (e.g., shallow over
burden, bedrock, confined aquifer, etc.). This map will 
allow recognition of fluctuations in water level, flow 
gradients, and groundwater flow direction. This map 
then becomes an essential component for updating and 
validating the conceptual model.

Recent advances in instrumentation and field analyti
cal methods now allow measurement of many physical 
and chemical parameters in the field using probes, col
orimetric, immunoassay and other techniques. The ad
vantages of field measurements are that multiple samples 
can usually be collected, measured and analyzed the 
same day as opposed to being sent for more time con
suming and costly offsite laboratory analysis. The draw
backs are usually increased detection limits and, for some 
analytes, qualitative instead of quantitative results (i.e., 
presence or absence of an analyte). It should be noted that 
field analyses often require specific analytical skills and 
may also require a brief development period for the 
specific monitoring application. It is also a good prac
tice to select a percentage of samples for offsite analysis 
to confirm the accuracy of field results.

Several of the more popular indicator parameters 
are described below:

pH
A logarithmic measurement of the hydrogen ion activ
ity (usually in the form of the negative base 10 log of 
the activity). The hydrogen ion activity is controlled by 
various interrelated chemical reactions that either gen
erate or consume hydrogen ions (Hem 1985). Thus, it 
can reflect changes in groundwater chemistry attribut
able to ongoing chemical reactions.

Specific conductance
A  measurement of the ability of groundwater to con
duct an electrical current over a unit length and cross 
section at a specific temperature (Hem 1985). The pres
ence of charged ionic species increases the conductance 
of groundwater. Thus, a change in the specific conduc
tance is indicative of a change in the ion concentrations 
of the groundwater constituents.

Temperature
Temperature fluctuations in groundwater usually ex
hibit a dampened response and are often seasonal in 
nature. Widely varying or rapid fluctuations in tem
perature may be indicative of mixing with or introduc
tion of other groundwater sources.

Turbidity
Turbidity refers to the total suspended particles (organic 
and inorganic) in a groimdwater sample and is measured 
by the amount of light these particles will transnait or 
scatter when a beam is passed through a sample. Large 
changes in turbidity in a bedrock system may be indica
tive of a change in flow path through the fractures. Large
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changes in turbidity may also arise from the accumula
tion of small particulates and formation materials pass
ing through the well screen and into the well.

Dissolved oxygen
Oxygen is readily consumed in the reduction and 
breakdown of a variety of chemically reduced constitu- 
enfs. Changes in dissolved oxygen levels may be in
dicative of either changes in recharge (i.e., more 
oxygenated water is reaching the aquifer from precipi
tation) or constituent chemistry within the groundwa
ter (i.e., more oxygen is being consumed to reduce 
additional constituents in the groundwater).

Measurement frequency
The frequency of sampling is an important considera
tion in any groundwater program; unfortunately there 
is no universal answer. Regulatory programs can re
quire weekly, monthly, quarterly or annual sampling 
and reporting rounds. In the absence of any specific 
regulatory requirements, the site hydrogeologic prop
erties described in the conceptual model can be used to 
establish a proposed monitoring schedule for the par
ticular right-of-way activities. If monitoring is keyed to 
a specific site event (e.g., a materials release), the travel 
time for a potential release or impact occurrence to 
reach a monitoring well or the property boundary can 
be estimated using the conceptual model. The monitor
ing interval can then be adjusted to include time for 
detection and recognition of any changes in the 
groundwater regime. For example, if groundwater 
moves at an extremely slow velocity, and it will be 
years before any impact is recognized at the monitor
ing point, it may not be imperative to have a high 
frecjuency monitoring schedule.

Wherever practicable, baseline conditions should be 
measured, preferably for several rounds prior to the 
scheduled activities. This will permit any near or long 
term trends (e.g., drought conditions, rising water lev
els or chemical changes) to be recognized, quantified 
(where possible) and not inappropriately attributed to 
project activities.

EXAMPLE MONITORING PROGRAM APPROACHES

Many right-of-way projects face similar monitoring is
sues during construction and operation. Some of the 
more frequently encountered situations include, blast
ing, construction dewatering, sewerage disposal, mate
rials releases and herbicide applications. Each of the 
following subsections provides a brief potential moni
toring approach and suggests a selection of potential 
indicator parameters for the particular scenario.

Blasting
Homeowners get worried that construction blasting of 
rock and ledge for right-of-way projects will close off

or collapse the water bearing materials and fractures 
that supply water to their drinking wells. However, 
many private water supplies are located in sand and 
gravel types of deposits so the well is recharged by 
precipitation or stream inflow and not from fracture 
flow through bedrock. For these types of situafions, fhe 
conceptual model can be used to illustrate the aquifer 
interconnections and defuse the homeowners' worries; 
a monitoring program may not be necessary. If fhe 
private water supply well is located in bedrock, and 
there is sufficient public concern, a representative 
monitoring well can be constructed on the right-of-way 
property prior to blasting and monitored both before 
and after the blasting. Any impacts from the blasting 
(fracture collapse) would presumably be detected in 
this onsite monitoring well first based on its proximity 
to the blasting area. Where possible, this well should be 
located in the same fracture system supplying the resi
dential wells.

Indicator parameters should focus on yield and de
tecting any physical/chemical changes in the water 
supply. Well yield (specific capacity) in terms of a 
pumping rate per unit of drawdown (gallons per min
ute per foot) should be quantified and water level, pH, 
specific conductance, temperature and turbidity can be 
measured. A significant drop in yield along with 
changes in the measured parameters could be indica
tive of changes in the source of water to the wells. 
Homeowner wells should also be measured where 
possible for at least specific conductance, temperature 
and pH. Well yield and water depth may not be quan
tifiable based on fhe presence and type of pumping 
equipment in the well (see note in the section on Meas
uring Points). Additionally, available drilling logs or 
well construction details (depth of well, open borehole 
length, specific capacity at time of installation) should 
be obtained from the owner if available.

Construction dewatering
Construction dewatering raises concerns about im
pacts on water supplies as well as impacts on sur
rounding wetlands and water bodies. A good 
conceptual model can be used to recognize potential 
hydraulic connections between the site and either a 
homeowner or affected wetland. The conceptual model 
will also allow some prediction to be made about po
tential drawdowns using a simple analytical approach. 
The estimated and measured aquifer parameters used 
to construct the conceptual model can be substituted 
into analytical equations to estimate drawdowns and 
dewatering rates (see Powers 1992). A network of 
monitoring wells (and staff gauges in wetlands) with 
water levels measured on a regular basis, can quantify 
the impacts and permit any necessary revisions to esti
mates. It is particularly important to document antece
dent (preactivity) conditions as there may already be 
existing seasonal or declining trends in water levels 
that are not associated with project activities. Declining
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well yields if measured may be interpreted as corrobo
rative evidence for adverse impacts from dewatering 
instead of the seasonal variation or established trends 
that they actually represent.

Sewerage and wastewater discharge
At compressor stations or other locations where sani
tary facilities must be maintained, and local sewerage 
service is not available, onsite disposal through septic 
tanks and associated leaching or tile fields is often 
utilized. Citizens may be concerned about potential 
effluent contamination of water supply wells and natu
ral habitats. A groundwater potentiometric map (water 
level contours) will indicate groundwater flow direc
tion so flow towards any sensitive receptors (residen
tial wells or wetlands) can be recognized. Monitoring 
wells placed between the discharge point and receptors 
can monitor specific conductance, temperature, pH 
and ionic species such as nitrate, ammonia or chloride. 
These ionic species are strongly associated with sani
tary waste and can be measured colorimetrically or 
with ion specific probes.

Material releases
There is a potential for material releases during con
struction or facility operation when materials are 
shipped or used in routine activities. Spill prevention, 
containment and control plans usually provide for safe 
operating practices and mitigative measures. Any 
monitoring should be specific to the particular materi
als involved.

Although polychlorinated biphenyls (PCBs) are no 
longer actively used in the utility industry, decommis
sioning and removal of pipelines or abandoned trans
formers and substations may turn up residual PCBs. 
Immunoassay test kits are available that can qualita
tively determine PCBs presence (by recognizing ab
sence below a particular detection limit). The cost per 
sample over a large number of samples is cheaper than 
laboratory analysis. However, there is a capital equip
ment investment cost (approximately $2000), a definite 
analytical technique to master, and the test is specific to 
certain PCBs congeners. Similarly, immunoassay test 
kits are also available for Total Petroleum Hydrocar
bons (TPH) and Polycyclic Aromatic Hydrocarbons 
(PAH). The same caveats noted for the PCB kits also 
apply to the TPH and PAH kits — the test is responsive 
to only specific compounds in these groups which then 
indicate the absence of TPH or PAH at a particular 
threshold level. These kits do not work well on older 
spill areas or weathered petroleum sites where the 
particular indicator compounds have been biode
graded or altered.

Herbicide application
A potential concern during right-of-way maintenance 
activities, is likely to be the possible impacts of herbi
cide applications on groundwater resources. (This

problem is not limited to just groundwater resources; 
there is also a concern for overland runoff of herbicides 
to streams and waterways.) Most of the currently 
used herbicides are specifically designed to break 
down rapidly and minimize any possible unin
tended adverse environmental impacts. However, 
convincing local property owners in the vicinity of 
the right-of-way management area of this fact may be 
another matter.

Unfortunately, the recent trends toward increasing 
chemical specificity in herbicide design tends to work 
against the use of simple field or laboratory screening 
techniques to monitor groundwater herbicide concen
trations. There are a wide variety of organic chemicals 
which are currently used as the active ingredients in 
herbicides and they differ significantly in terms of 
chemical components and structures. Gas chromatog
raphy and high pressure liquid chromatography 
(HPLC) are among the more routinely used laboratory 
techniques for herbicide analysis. However, herbi
cides can present unique analytical difficulties, in
cluding the need for specialized sample preparation 
methods and instrumental operating conditions, 
particularly at low concentrations. Therefore, gen
eral organic screening techniques including gas chro
matography with mass spectrometry, may often be 
inappropriate for herbicide analyses. In most cases, it is 
necessary to identify the specific herbicides of concern. 
Close communication with the analytical laboratory 
is essential to carefully delineate the intended project 
objectives and appropriately design the analytical pro
gram. Analytical approaches may differ markedly de
pending upon whether the goal is to demonstrate the 
absence of residual concentrations from past herbicide 
usage in a right-of-way area or to monitor the effect of 
future appHcations.

SUMMARY

Groundwater monitoring programs designed for 
right-of-way activities and facilities and should be tai
lored to the nature of right-of-way operations with 
respect to the local area and hydrogeology. A proactive 
approach launched early in the planning, permitting 
and construction phases of the project builds goodwill 
and trust with the general public by demonstrating a 
concern for the environment and protection of public 
health. In some cases, this proactive approach can be 
used to support an argument for limited or no monitor
ing based on the right-of-way activities. The proactive 
approach can also be cost effective by promoting regu
latory acceptance and decreasing lengthy review time 
in the absence of specific monitoring requirements. 
Any evaluation of the need for a groundwater monitor
ing program should include at a minimum, the follow
ing fundamental elements:
-  Development of a site conceptual model;
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-  Evaluation of area specific hydrogeology to estab
lish measuring locations and sampling frequency;

-  Careful evaluation of site chemistry to establish proper 
analytical programs and measurement frequencies.

Potenfial impacts need to be explored and understood 
within the structure of fhe conceptual model. This un
derstanding can then justify the use of less expensive 
indicator parameters and decreased frequency of 
monitoring based on the time for pofential impacts to 
be detected or to support the argument that monitoring 
is not necessary based on the proposed right-of-way 
activities.
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Minimizing the Risk of Contaminated Soiis
in Pipelining

Mario E. Buszynski

Owners of gas pipelines that use the public roadway for their facilities may encounter contaminated 
soils when constructing the pipeline. This situation has resulted in increased costs and delays in the 
construction schedule. The paper outlines a process, similar to a Phase I Environmental Site 
Assessment, that identifies areas of high potential for contamination from various sources. The 
number and location of potentially contaminated sites are then factored into the route selection 
process. A case study of a pipeline in southern Ontario, Canada, is used to illustrate the methods 
described in the paper. Procedures are outlined to effectively manage these situations if they cannot 
be avoided. Recommendations are made as to the transferability of tWs process to other jurisdictions.

Keywords: Contaminated soils, environmental assessment, hydrocarbon contamination, preferred 
route

INTRODUCTION

Steel pipe used in the transport of natural gas has 
exterior coatings which are applied to prevent or re
duce corrosion. In many cases, the type of coating used 
is called "yellow jacket". It is put on over a thick adhe
sive previously applied to the exterior of the pipe to 
secure the coating. Contaminated soils, especially 
those containing hydrocarbons, can destroy the adhe
sive, causing the exterior coating to hang loosely on the 
pipe and actually help to increase corrosion in the 
affected area. Hydrocarbon contamination can also af
fect certain joint tapes (e.g., coal tar) in the same fash
ion. Figure 1 shows a typical "yellow jacket" pipe being 
installed in a public road allowance.

Hydrocarbon contaminated soils are frequently en
countered in distribution pipeline construction since 
smaller diameter, extra high pressure 150 mm (6 in) to 
323.9 mm (12 in) diameter pipelines are easily accom
modated in the public roadway. In many situations, 
old or abandoned gas stations adjacent to the pipeline 
route are located over pools of hydrocarbon contami
nation from leaking underground storage tanks. Other 
land uses such as waste disposal sites and chemical 
processing plants adjacent to the public roadway rep
resent potentially contaminated sites. Figure 2 illus
trates a leaking underground storage tank being

removed from the ground. Figure 3 illustrates an area 
where contaminated soils are being removed from the 
site. Note the gas pipeline being supported by a 
wooden brace in the foreground of the photograph.

When contaminated soils are encountered during 
pipeline construction, the excavated material must be 
removed from the trench and disposed of in an ap
proved disposal site. Additional protective measures 
must be taken which may include wrapping the pipe
line in a bentonite (clay) cloth prior to backfilling with 
clean material. A plastic vapour barrier may also be 
placed around the pipeline. Even with these precau
tions the coating may be affected by hydrocarbons 
infiltrating through the new material.

Many pipelines in urban areas are constructed 
through the use of directional drilling and boring. Unless 
contamination is discovered at the tie-in holes, or has 
been previously identified through a review of surround
ing land uses, the only way that small areas of contami
nation may be identified on a long bore (200-300 m) is by 
monitoring the drill fluids, a practice not routinely done. 
The result is that the pipeline could be subjected to in
creased corrosion which wiU reduce its service life.

This paper presents a method used to minimize the 
risk of encountering contaminated soils in pipeline 
route selection. It is done through a case study of a 
pipeline which was located in southern Ontario, Canada.
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Fig. 1. A typical "yellow jacket" pipe.

Fig. 2. A leaking underground storage tank being removed 
from the ground.

BACKGROUND

Distribution pipeline planning studies in Ontario are 
regulated by the Ontario Energy Board (OEB) under 
the Ontario Energy Board Act, R.S.O. 199, c.O.13. The 
"Environmental Guidelines for the Location, Construc
tion and Operation of Hydrocarbon Pipelines and Fa
cilities in Ontario" (Ontario Energy Board, 1995) 
provide guidance to proponents undertaking pipeline 
routing studies in Ontario. The identification and 
avoidance of contaminated soils is not addressed in 
this guidance.

Jacques Whitford Environment Limited (JWEL) was 
retained by The Consumers' Gas Company Ltd. (Con
sumers Gas) to conduct a route selection, environ
mental and socio-economic impact assessment (EA) 
study. The goal of this study was to find a suitable 
location for a 219 mm (8 in) diameter pipeline to rein
force the existing gas supply to Dufferin and Simcoe 
Counties and the Caledon and Orangeville areas of 
Southern Ontario.

A large component of JWEL's work iiwolves fhe 
identificafion of potentially contaminated sites (Phase 
I Environmental Site Assessment) and site charac
terization and remediation (Phases II and III). It was 
felt that the identification of potentially contaminated 
sites is a significant factor in the planning process, so it 
was decided to incorporate this site assessment experi
ence into the Orangeville Reinforcement Study.

The study area
The area chosen for study is located in southern 

Ontario, approximately an hours drive from Metro
politan Toronto (Fig. 4 and 5). The study area, approxi
mately 1,000 km  ̂ in size, is located between 
Orangeville and the TransCanada Pipelines right-of- 
way paralleling Highway Number 400. It is set in an 
area that possesses significant natural and cultural fea
tures, including;

Fig. 3. Contaminated soils are being removed from the site. Fig. 4. The study area.
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-  The Niagara Escarpment, designated as a World 
Biosphere Reserve, runs through the study area in a 
north-south direction;

-  The Oak Ridges Moraine, a provincially significant 
feature, is the source area for several rivers that 
support cold water fisheries in the Greater Toronto 
Area;

-  High quality agricultural lands and large farm op
erations occupy the central and eastern portions of 
the study area;

-  Provincially significant wetlands and areas of wild
life habitat are scattered throughout; and,

-  The beautiful scenery, combined with a rural envi
ronment in close proximity to the Greater Toronto 
Area has created a large group of residential com
muters living in the rural parts of the study area 
while the many towns and villages attract local arti
sans and industry such as the Honda Motor plant in 
Alliston.
Figure 5 provides a more detailed location map of 

the study area.
Many of the regulatory agencies indicated that they 

expected the pipeline to be located in a public road 
allowance or other existing linear right-of-way (ROW) 
to minimize impacts to the environment.

Preliminary research indicated that public road al
lowances would be the only alternatives, since no other 
existing ROWs were suitable.

Our research also indicated that all roads in the 
study area, ranging from Provincial Highways to

County roads to Township roads, had the potential to 
support adjacent land uses which could result in con
taminated soils. A process was required to identify 
these areas of potential soil contamination and factor 
them into the route selection process.

PLANNING PROCESS

The process used to identify potential areas of soil 
contamination is based on the requirements of the Ca
nadian Standards Association (CSA) Phase 1 Environ
mental Site Assessment Information Product (Z768-94, 
April 1994, CSA protocol) and consists of the following:
-  A records review;
-  A site visit;
-  Interviews with regulatory officials and persormel 

associated with the subject and adjoining properties; 
and

-  Evaluation of information and preparation of a re
port.
A Phase 1 ESA does not include sampling or testing 

of air, soil, groundwater, surface water or building 
materials. These activities would be recommended at 
the construction stage.

Records review
Typically, a Phase 1 Assessment is conducted for an indi
vidual site. In this case, the assessment was conducted 
over the entire length of the identified alternative routes;
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Fig. 5. Detailed location map of the study area.
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however, it was not practical to conduct the assessment 
over every property within the 1,000 km  ̂ study area. 
When a suspect site was identified, a records review 
was undertaken. The applicable distance for the re
cords review included properties immediately adja
cent to the subject site and other properties through 
which the pipeline ROW might cross (as identified by 
aerial photographs, insurance records, etc.) The re
cords review included the following:
-  Review of historical and present-day aerial photo

graphs, land registers and Fire Insurance Plans (if 
available for sife) to determine previous land uses 
and occupancy;

-  Discussions with the municipal planning depart
ment regarding historical construction of buildings 
on or surrounding fhe properly;

-  Review of geological and topographic maps to de
termine physical site characteristics, such as direc
tion of groundwater flow; and

-  Confacf wifh the Ontario Ministry of Environment 
and Energy (MOEE) and Freedom of Information 
(FOI) officials regarding past environmental con
cerns (regulatory infractions search, reportable spill 
occurrences, and Regulation 347 Regulation-waste 
generators).

Site visit
The alternative routes were surveyed by an individual 
experienced in identifying existing and abandoned 
sites with uses that may have generated contaminated 
soils. These suspect sites were recorded through photo
graphs and entered into the data base for that particu
lar alternative route. The site was described in terms of 
location, on-site buildings and structures, soil, topogra
phy and draiirage. Since staff were not authorized to 
enter onto any of fhese properties, observations were 
made from the exterior of the buildings and no soil 
samples or other "intrusive" investigations were made.

Interviews
Interviews with local property owners were conducted 
at the public open house meetings held in connection 
w'ith the study. In addition, during the evaluation of 
alternative routes, local residents were questioned as to 
their knowledge of past spills or groundwater contami
nation at the sites. For example, a property owner near 
one of the sites adjacent to the preferred route indicated 
that there were a number of hydrocarbon spills associ
ated with the use of the property as a gas station.

Evaluation of the information
The information on hydrocarbon-contaminated sites 
suspected of having the potential to adversely affect 
pipeline coatings was assembled and tabulated for 
each of the three alternative routes identified in the 
study area. The North Route, which made use of a 
significant portion of Flighway Number 89, had eight 
potentially contaminated sites. The Central Route,

which for fhe mosf parf was located along Township 
Roads, had two potentially contaminated sites. The 
South Route, which was primarily located on Highway 
Number 9, had sixteen potentially contaminated sites.

This information was placed in a table which in
cluded biophysical constraint information such as the 
number and type of watercourses and wetlands 
crossed and socio-economic information such as the 
number of residences, farms and commercial opera- 
fions affected.

The information on potentially contaminated sites 
strongly supported the selection of fhe Central Route 
Alternative. This information, which was consistent 
with the strong public and agency support for this 
alternative, resulted in the Central Route being chosen 
as the preferred route.

THE APPROVAL PROCESS

The environmental report was prepared and submitted 
for approval fo the Ontario Energy Board. One Board 
member's question found in transcripts from the Pub
lic Hearing indicate that the issue of contaminated soils 
was a concern to the Board, in spite of their lack of 
existing guidance on the subject:

"Q. My last question. You identified areas of pos
sible soil confamination and I note in the evidence 
that there will be use of plastic pipe by Consum
ers. I am wondering whether or not you have 
indicated any mitigation techniques that might 
occur, given the new evidence about plastic pipe 
problems of leakage and permutation with or
ganic compounds and whether or not this would 
be a problem if plastic pipe were to be laid over 
areas of soil contamination?" (Ontario Energy 
Board 1966).

Discussion ensued on the program for managing the 
two potentially contaminated sites identified along the 
Preferred Route. Management included the hiring of a 
full-time environmental inspector and a due diligence 
program including the testing of the soil on the ROW 
adjacent to these locations. This was satisfactory to the 
Board and the project was subsequently approved.

THE CONSTRUCTION PROGRAM

The two areas of potential soil contamination along the 
preferred route were associated with gas stations adja
cent to the pipeline route in the communities of Bond 
Head and Loretto. The construction program for pipe 
installation in these areas consisted of directionally 
drilling the pipe into place. Since the trench would not 
be open, it was decided, as part of fhe due diligence 
program, to conduct test pitting in the vicinity of the 
ROW to determine if any contamination was present.



Minimizing the Risk o f Contaminated Soils in Pipelining 179

Fig. 6. Test pitting at Bond Head with the gas station in the 
background.

Fig. 7. The environmental inspector taking vapour readings 
from the soil samples to determine the presence of hydrocarbon 

contamination.

Figure 6 illustrates the test pitting at Bond Head 
with the gas station in the background. As the test pit 
was dug, soil samples were taken at various depths. 
Figure 7 shows the environmental inspector taking va
pour readings from the soil samples to determine the 
presence of hydrocarbon contamination. Visual obser
vations were also made for staining of the soil. Read
ings at both locations came up negative, although 
readings taken some distance from the ROW in Bond 
Head indicated the possibility of hydrocarbon con
tamination in the soil.

that can result in contamination should be performed 
at the data collection phase of the project. This informa
tion should be factored into the alternative route iden
tification and selection of the preferred route to 
minimize costs associated with the mitigation of con
taminated soils. The advantages of selecting a route 
which minimizes the number of sites with potentially 
contaminated soils includes reduced construction time 
and costs for remediation. While this assessment will 
be only one of a number of factors used to identify 
alternatives and select the preferred route, it should 
receive a significant weight in the process due to the 
costs associated with mitigation. The process used is 
directly applicable to other jurisdictions. International 
standards and other North American standards have 
been developed that are similar to the CSA standards 
for conducting Phase I ESAs. It is a simple matter to 
undertake this work and factor it into the selection of a 
preferred pipeline route.
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SUMMARY

Soil contamination has been proven to be detrimental 
to certain high pressure gas pipelines in that it can 
affect coatings, leading to accelerated corrosion and 
shortened pipeline life. In order to minimize the poten
tial for encountering contaminated soils in pipeline 
route selection, an assessment of the types of land uses
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Third-Party EISs for Federal Approvals of
Pipeline Projects

David F. Jenkins

The third-party process as defined in the National Environmental Policy Act (NEPA) of the United 
States provides a mechanism for a Federal regulatory agency to use a consultant paid for by the 
pipeline applicant (or proponent) to prepare the Environmental Impact Statement (EIS) to meet the 
agency's NEPA requirements. The consultant works at the direction of the Federal agency with 
limited contact with the pipeline company. The third-party process offers advantages to a pipeline 
com pany when a qualified consultant can be used to assist a Federal agency with limited funding 
or staff resources. However, the Federal agency must be able to provide adequate direction to the 
consultant to ensure that adequate NEPA documents are prepared. Care must be taken in the 
third-party process to manage changes to the contract between the pipeline company and the 
consultant when the consultant is working only at the direction of the Federal agency.

Keywords: National Environmental Policy Act, NEPA, Environmental Impact Statement, EIS, Third- 
party process, pipelines

INTRODUCTION

The National Environmental Policy Act (NEPA) (Pub. 
L. No. 91-190 [1970], as amended by Pub. L. No. 94-52 
[1975], and Pub. L. No. 94-83 [1975] [codified as 
amended at 42 USC § 4321-47]) of the United States 
(U.S.), which became effective on 1 January 1970, estab
lished a national environmental policy (42 USC § 4331- 
32; 40 CFR § 1500.1) and created the Council on 
Environmental Quality (CEQ) to administer the act (42 
USC § 4341-43). The CEQ initially established guide
lines for the preparation of environmental impact state
ments (EISs) (35 Eed. Reg. 7,391 [1970]; 36 Eed. Reg. 
7,724 [1971]; 38 Fed. Reg. 10.856 [1973]; 38 Fed. Reg. 
20,550 [1973]) and ultimately issued regulations in 1978 
to make the EIS a more effective decision-making docu
ment (40 CFR § 1500-08).

Under NEPA, U.S. Federal agencies are to prepare 
EISs for inclusion in "every recommendation or report 
on proposals for ... major Federal actions significantly 
affecting the quality of the human environment" 
(NEPA § 102[2][C], 42 USC § 4332[2][C]). As part of the 
process, the Federal agency must determine if an envi
ronmental assessment (EA) or an EIS is required (40 
CFR § 1501.4). If an EA is required, the Federal agency

may prepare the document or allow the applicant (the 
company or entity proposing a project or action) to 
prepare the document (40 CFR § 1506.5[b]). Some Fed
eral agencies allow the use of a "third-party contract" 
for the preparation of the EIS. The third-party arrange
ment involves the contracting by the applicant of a 
consultant "chosen" by the Federal agency to prepare 
the EIS (Council on Environmental Quality 1981). 
However, the Federal agency must independently 
evaluate the EIS prior to its approval and take respon
sibility for its scope and content (40 CFR § 1506.5[c]). 
The application of the third-party process to the Fed
eral permitting of a pipeline can offer both advantages 
and disadvantages to the project applicant in terms of 
a timely review of a proposed project and receipt of the 
necessary Federal permits.

THE THIRD-PARTY PROCESS

The third-party process involves the use of a private- 
sector or commercial contractor to assist the Federal 
agency when the agency cannot prepare the required 
NEPA analysis because of time, budget, or other limita
tions, or when the agency or a project applicant requests
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the use of a contractor to prepare an EIS. The term 
"third-party contract" refers to the fact that the appli
cant for the proposed project awards the contract and 
pays the contractor for the preparation of the EIS. The 
contractor, however, has little if any contact with the 
applicant, working under the direction of the Federal 
agency.

Different Federal agencies have different ap
proaches to administering third-party processes to ful
fill their obligations under NEPA. Each approach must 
meet the requirements of NEPA, but each is also de
signed to meet the objectives and procedures of the 
individual agency. Several different Federal agencies 
may become involved in the preparation of an EIS for 
a pipeline project, depending on the type of pipeline 
(e.g., natural gas [interstate, intrastate, or gathering], 
oil, product, water, coal slurry, etc.), the resources af
fected, and the jurisdiction of the various agencies over 
those resources. If Federal permits are required and 
more than one Federal agency has potential jurisdic
tion over the project, a single Federal agency is desig
nated as the Federal lead agency as defined by NEPA 
(40 CFR § 1501.5[c]).

For example, the Federal Energy Regulatory Com
mission (FERC) is typically the Federal lead agency for 
the licensing of interstate natural gas pipelines. How
ever, if the interstate pipeline crosses federally man
aged land, the Federal agency that manages those 
lands (e.g., the Bureau of Land Managemenf [BLM], or 
the U.S. Forest Service [USFS]) may be designated as 
the Federal lead agency for purposes of the environ
mental review of the project. In cases in which the 
pipeline is not an interstate natural gas pipeline or no 
Federal lands are crossed, the U.S. Army Corps of 
Engineers (COE) may be the Federal agency if other 
than a nation-wide permit is required. Many of these 
agencies have defined third-party procedures.

In February 1994, FERC announced the beginning of 
a voluntary third-party contracting program to assist 
the agency in reviewing the environmental aspects of 
applications and preparing the environmental docu
ments required by NEPA (Federal Energy Regulatory 
Commission 1994). The program makes provisions for 
the use of an independent contractor who is: (1) se
lected and works under the supervision and control of 
the FERC staff; (2) responsible for conducting environ
mental analyses and preparing documentation, includ
ing EISs; and (3) paid by the project applicant(s). FERC 
published guidelines that provide specific guidance for 
the Request for Proposal (REP) to be developed by the 
applicant (including an example RFP); criteria for the 
selection of the third-party contractor; and specific di
rection to address the issue of potential conflict of inter
est of the bidders for the third-party contract. The issue 
of conflict of interest is thoroughly addressed to ensure 
that the third-party contractor has "no financial or 
other interest in the outcome of the project" (40 CFR § 
1506.5[c]).

The BLM established third-party contracting proce
dures in 1988 (Bureau of Land Management 1988). The 
procedures provide guidance for: (1) the development 
of a Memorandum of Understanding (MOU) between 
BLM and the applicant; (2) development of a statement 
of work for the EIS; (3) evaluation of bids from confrac- 
fors and selection of fhe third-parfy contracfor (includ
ing the conflict of interest review); and (4) the 
development and review of the NEPA document.

The U.S. Army Corps of Engineers (COE) has also 
defined procedures to allow applicants to pay for the 
costs of preparing EISs through the use of third-party 
contractors (US Army Corps of Engineers 1987). As 
part of fhis process, the COE established guidance for 
third-parfy confracting to ensure that information ob
tained through a third-party contract is consistent with 
the COE's statutory requirements (US Army Corps of 
Engineers 1988).

The USFS has used a process similar to the third- 
party process, but with many characteristics of an "ap
plicant-prepared" process, to assist in preparing EISs 
for projects in national forests. This process has in
volved: (1) allowing the applicant to take the lead in the 
scoping process under USFS guidance; (2) providing 
comment and guidance to the applicant during the 
preparation of the applicant-prepared EIS; (3) provid
ing comments on the applicant-prepared EIS to ensure 
conformance with USFS objectives; and (4) allowing 
the applicant to print the NEPA documents.

A distinction should be made between the "third- 
party" process and the "applicant-prepared" process. 
In the third-party process, the Federal agency oversees 
and directs the efforts of the third-party contractor 
during the preparation of the EIS. However, in the 
applicant-prepared process, the Federal agency has no 
oversight or control during the preparation of the "ap
plicant-prepared" EIS. The applicant-prepared process 
involves the preparation of an "EIS" by the applicant 
(with or without the assistance of a contractor) for 
submittal to the Federal agency. The Federal agency 
then uses the "applicant-prepared EIS" as the basis for 
the agency's EIS. The agency may use all or none of the 
applicant-prepared document during the preparation 
of its EIS and in meeting its responsibilities under 
NEPA. While the document prepared by the applicant 
can be in the format of an EIS with the necessary infor
mation, analysis, and conclusions, only the Federal 
agency can prepare the EIS.

ADVANTAGES/DISADVANTAGES OF THE 
THIRD-PARTY PROCESS

The primary advantage of the third-party process to 
the applicant is that it represents an opportunity for the 
applicant to accelerate the preparation of an EIS if 
budgetary, staff, or schedule constraints exist for the 
Federal agency with responsibility for preparing the
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EIS. However, several important issues must be ad
dressed to prevent them from becoming disadvantages 
to the third-party process.

One of the most important aspects of the third-party 
process is the selection of a qualified third-party con
tractor. It is essential to select a contractor that can act 
as an extension of the Federal agency staff and support 
the agency staff during the EIS development process so 
that it meets the agency's obligations under NEPA. The 
third-party contractor must understand the require
ments of the EIS process and how to manage the activi
ties associated with meeting those requirements. This 
includes managing scoping activities correctly, ade
quately addressing public comments, dealing with co
operating agencies, analyzing issues at the correct level 
of detail in the draft EIS (DEIS) and the final EIS (FEIS), 
developing mitigation measures, and determining 
which alternatives to analyze and at what level of de
tail. To be effective in developing the EIS, the third- 
party contractor must fully understand the processes 
associated with and the requirements of the construc
tion and operation of pipelines. If the third-party con
tractor cannot function effectively as an extension of 
the agency staff, the third-party process may actually 
result in the EIS preparation taking longer than if the 
agency staff prepared the EIS themselves.

Given the importance of selecting a qualified third- 
party contractor, the efforts put into the development 
of the REP for the third-party process, the review of 
qualifications of bidders, and a clear understanding 
between the applicant and the Federal agency regard
ing the responsibilities of the third-party contractor are 
of primary importance. Failure to identify a qualified 
contractor can have significant consequences on the 
overall third-party process.

One of the primary advantages of the third-party 
process to the Federal agency is that the applicant pays 
the majority of the costs of the EIS preparation. How
ever, use of the third-party process does not mean that 
there are no costs to the agency. The agency must have 
adequate staff and resources available to manage the 
third-party contractor. The third-party contractor must 
have adequate direction and oversight from the agency 
staff during the scoping process, data collec
tion/agency contacts, and the development of the No
tice of Intent (NOI), data requests, the DEIS, and the 
FEIS to ensure that the process evolves smoothly and 
the EIS documents are prepared in an efficient manner. 
Many agencies have developed their own imique ap
proach to addressing issues in an EIS and handling the 
NEPA process. If it becomes necessary for the third- 
party contractor to rework numerous draft documents 
to meet the agency's expectations or for the agency staff 
to rewrite the EIS documents, a potentially significant 
delay can be experienced in the EIS process.

A second aspect of the third-party process that 
should be clearly understood by the applicant, the Fed

eral agency, and the third-party contractor relates to 
the issue of changes in the contractor's scope of work 
during the EIS preparation process. Under the third- 
party process, the contractor is contracted by the appli
cant with a defined scope of work, budget, and 
schedule, but works at the direction of the Federal 
agency staff. As with most major licensing projects, a 
scope of work and schedule that are defined early in 
the process are highly susceptible to change. Not infre
quently, the Federal agency staff will determine the 
need to conduct activities that may be outside the scope 
of work originally agreed to between the applicant and 
the contractor. If the project is controversial or if a large 
number of comments are received proposing a wide 
variety of alternatives, the Federal agency may wish to 
explore a wide range of issues and alternatives, well 
beyond the original scope of work in the applicant's 
contract with the third-party contractor. These "out-of
scope" activities can result in changes in contract costs 
to the applicant and can result in a lengthened overall 
project schedule. Establishing the procedures to deal 
with out-of-scope activities should be part of the early 
planning considerations for a third-party contract. 
Such procedures could be included in an MOU be
tween the applicant and the Federal agency.

A third issue related to the third-party process is the 
additional (short-term) cost to the applicant associated 
with payments to the third-party contractor. Different 
Federal agencies have different mechanisms to fi
nance the costs of EISs prepared by their staffs. Some 
agencies receive funding through a direct or indirect 
levy on the companies or industry regulated by that 
agency. Other agencies directly charge the applicant 
for the costs of the EIS preparation by the agency staff 
or rely on their armual budget to fund the preparation 
of EISs. When the Federal agency prepares the EIS, the 
applicant may only pay costs incidental to the EIS 
preparation (e.g., costs of meeting rooms or legal re
porters for scoping meetings, costs of helicopters for 
review of the proposed project route), with the costs 
associated with the agency staff time and travel paid 
directly by the agency. The third-party process requires 
the applicant to pay for all staff time and travel of the 
third-party contractor as well as printing costs for the 
EIS documents.

However, these greater short-term costs may result 
in greater long-term benefits if the third-party process 
accelerates the approval of the project. For example, 
if the third-party process results in an in-service date 
for a pipeline that is a few days or a few weeks earlier 
than the in-service date without the third-party proc
ess, the financial advantages may more than outweigh 
the short-term costs associated with the third-party 
process. However, if the third-party process does not 
result in the acceleration of project licensing, the third- 
party process may, indeed, result in greater costs to the 
applicant.
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SUGGESTIONS FOR APPLICATION OF THE
THIRD-PARTY PROCESS

The following are suggestions for the use of the third-
party process for the licensing of pipelines.
1. Consult as early as possible with the probable Fed

eral agency when planning a pipeline project to de
termine if the third-party process is recommended 
by the agency. Although an agency may not require 
that an applicant use the third-party process, the 
agency may give clear "signals" that the applicant 
could benefit if the third-party process is used.

2. Develop a clear understanding with the agency of 
the various aspects of the third-party contract with a 
consultant, specifically relating to payment of the 
third-party contractor, how out-of-scope issues are 
dealt with, and what contact and communications 
between the third-party contractor and the applicant 
are acceptable to the Federal agency.

3. Develop very stringent and detailed criteria for the 
selection of the third-party contractor. As noted 
above, the general qualifications of the potential 
contractors, their experience with the preparation of 
NEPA documents, their experience with the Federal 
agency and its procedures and expectations, demon
strated ability to manage large projects, and a thor
ough understanding of pipeline construction and 
operation are crucial to successfully supporting the 
Federal agency in the preparation of the EIS.

SUMMARY

The third-party process is an approach provided for in 
the NEPA regulations to attempt to control the costs to 
the Federal agency for the preparation of an EIS. The 
process also represents a mechanism for potentially 
accelerating the EIS preparation process if the agency is

constrained by budget, staff, or schedule. However, 
before entering into a third-party arrangement for the 
preparation of an EIS for a pipeline, the pipeline com
pany must fully understand the potential advantages 
and disadvantages of the process relative to the "tradi
tional" process of having the Federal agency prepare 
the EIS. If properly managed, the third-party process 
for the preparation of a Eederal EIS for a pipeline pro
ject can benefit the applicant.
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Common Environmental Problems 
Encountered During Construction of Major

Gas Transmission Lines

David D. Macks, David Morrell, and John Strub

Beginning with construction of the Iroquois Gas Transmission Line in 1991, Compliance Unit Staff 
of the Department of Public Service's Office of Energy Efficiency and Environment, has monitored 
construction of almost 960 km (600 miles) of 30.5-91.5 cm (12-36 in) steel gas transmission line. In 
each instance, detailed construction plans were submitted to and approved by the New York State 
Public Service Commission. Detailed records were kept of all requested changes in those construc
tion plans and numerous instances of non-compliance with them as well. Review, categorization 
and analysis of requested changes and non-compliance reports reveal what staff considers, com
mon environmental problems found during construction. The main problems discovered is that 
companies often request inadequate temporary ROW or workspace within the certified construc
tion area on slopes, in wetlands and near stream crossings. This creates situations wherein there is 
insufficient space for separation of topsoils and subsoils in wetlands and active agricultural fields. 
Insufficient workspace also promotes the unauthorized taking and use of lands outside the certified 
ROW and the unnecessary pollution of streams due to inadequate workspace for spoil storage. In 
response to these problems. Staff has modified its construction monitoring, and change processing 
procedures and is currently revising its in-house construction standards.

Keywords: Pipeline construction, ROW width, stream crossings, wetland crossings

BACKGROUND

Beginning with construction of the Iroquois Gas Trans
mission Line in 1991, the Field Compliance Unit (FCU) 
of the New York State Department of Public Service's 
(Department) Office of Energy Efficiency and Environ
ment, has monitored the construction of approxim
ately 994 km (621 miles) of 30.5-91.5 cm (12-36 in) steel 
gas transmission line. The gas transmission facilities ap
proved for construction by the New York Sate Public 
Service Commission (PSC) and used in this study, cons
isted of four separate pipeline projects which spanned the 
length and breadth of New York State. They were the:
-  Iroquois Gas Transmission System — 590 km (369 

miles) of 76.2 and 60.1 cm (30 and 24 in) steel pipeline
-  Empire Gas Transmission Line — 253 km (158 miles) 

of 60.1 cm (24 in) steel pipeline
— Sithe Energy Project - 58 km (36 miles) of 40.1 cm (16 

in) steel pipeline
— Seneca Storage Project East — 56 km (35 miles) of 

40.1 cm (16 in) steel pipeline

-  Seneca Storage Project West — 29 km (18 miles) of
40.1 (16 in) steel pipeline.

The facilities were approved for in-state construction 
under Article VII of the Public Service Law. Article VII 
requires applicants who wish to build fuel gas trans
mission pipelines over 304 m (1,000 ft) and length and 
125 psig in New York State, to submit an application 
to the Department for a Certificate of Environmental 
Compatibility and Public Need. Granting of a certifi
cate clears the way for construction and, in some 
cases, grants the power of eminent domain to the 
applicant.

In addition to approving their construction, the Com
mission required that each project have an Environ
mental Management and Construction Plan (EM&CP) 
submitted and approved prior to construction. This 
document would describe in detail, how the pipeline was 
to be built. Realizing that no plans can fully anticipate 
conditions in the field, a system to approve "minor" 
changes (MC) to the approved EM&CP was put into 
place.
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Moreover, Staff developed a method of recording 
"non-compliance" with the approved EM&CP. "Inci
dent Report" (IR) forms were produced, whereby Staff 
observing problems in the field could record and im
mediately give responsible company personnel a writ
ten record of the problem. In subsequent years IR forms 
were replaced by new forms in an effort to provide 
more detail. These new forms, "Non-Compliance Re
ports" (NCR) and "Violation Reports" (VR), combined 
with bound field logs, photographs and video tape, 
provided Staff with extensive documentation of envi
ronmental problems observed during construction. 
Compilation, categorization and analysis of requested 
changes and non-compliance reports readily reveals 
the most common environmental problems found dur
ing pipeline construction.

The primary environmental problem occurring dur
ing pipeline construction is inadequate temporary 
workspace on slopes, wetlands and at stream cross
ings. The lack of adequate temporary workspace cre
ates situations where there is insufficient space for 
separation of topsoil and subsoils in wetlands, active 
agricultural fields and insufficient area for effective 
spoil storage at stream crossings. Insufficient work
space also promotes the unauthorized taking and use 
of lands outside the approved ROW. Additionally, an 
examination of records show that environmental prob
lems often occur at stream and wetland crossings. In 
response to these problems. Staff has modified its con
struction monitoring and change processing proce
dures and is currently revising its in-house 
construction standards.

METHODS

In order to determine the nature and extent of specific 
environmental problems, MC, NCR, IR and VR were 
gathered and examined. All documents relating to gas 
transmission lines 30.5 cm (12 in) or greater in diameter 
were separated and reviewed. These records were then

examined in greater detail and categorized. MCs were 
sorted according to the nature of change requested and 
in some instances the urgency of the request. NCRs, IRs 
and VRs were examined and sorted by the nature of the 
offense, content and action taken. In addition, field logs 
were examined for incidents which occurred but may 
not have warranted an MC or other written response. 
In that Department generated records represented the 
entire database, no specific statistic method or model 
was used. All data were reviewed and those areas 
which garnered the most attention in the form of in
field modification or compliance action were noted.

RESULTS

“Minor change” requests
Nine hundred and twenty four separate requests for 
minor changes to approved construction plans were 
made on the projects detailed in this study. A review of 
requested changes showed the following. Two hun
dred and eighty-nine modifications or 31.1% of all mi
nor change requests made were for permission to 
acquire or use "extra workspace" or land adjacent to 
and outside the approved ROW (see Fig. 1). The next 
highest categories were requests for off-ROW access 
roads, 25.1% and storage at 16.7%. There were 100 
requested changes, 10.85% of the total, which were 
unique or so small in number as not to warrant specific 
categories, these were placed under the heading of 
"miscellaneous". Stream crossing modifications were 
5.8% of the changes requested. Pipeline alignment 
changes were 5.2% of the total and changes in topsoil 
stripping techniques comprised the last 3.1%.

“Non-compliance” reports
The data for enforcement reads differently, of the 318 
incidents recorded, 60 or 18.9% involved environ
mental problems in and around stream crossings (see 
Fig. 2). This was followed closely by violations con
cerning wetland crossings at 16.3% and unauthorized

Fig. 1. Minor change requests by activity. Fig. 2. Non-compliance reports.
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use of extra workspace at 12.9%. Compliance actions 
involving erosion and sediment control measures and 
aspects of worker or public safety comprise 11.1% and 
10.1% of the total respectively.

After numerous problems during construction of 
the Iroquois project, burning, as a means of removing 
undesired woody material and slash was severely cur
tailed by the Department on projects certified under 
Article Vll; nevertheless compliance actions involving 
some aspects of burning still make up 8.8% of the total. 
While burning has not been removed as a viable slash 
disposal method, additional constraints have been placed 
on its use. The remaining categories of compliance actions 
were miscellaneous at 8.5%, unauthorized access at 7.2% 
and unauthorized or avoidable impacts to agricultural 
resources was 6.2%, of the total respectively.

DISCUSSION

The need for and unauthorized taking of extra 
workspace
Adverse impacts to the human and natural environ
ment are an unavoidable consequence of gas pipeline 
construction. The disruptive nature of certain phases of 
pipeline construction (clearing, grading, trenching etc.) 
dictates that these activities must be confined to the 
approved ROW. After examining the data detailed ear
lier and FCU staff field logs, we were able to conclude 
rather quickly that an inordinate amount of staff time 
was spent addressing the company's or contractor's 
need to acquire and use extra workspace, or detailing 
its unauthorized use.

There are numerous reasons why a contractor or 
company would need more temporary work room. 
The Department recognized this and instituted the mi
nor change process in an effort to ensure that modifica
tions of construction plans could be made quickly. 
Despite the best efforts of the Department, contractors 
and company personnel cleared woods, graded lands, 
stockpiled logs, slash and topsoil on lands outside of 
the approved ROW. These actions led to avoidable 
losses of, or unnecessary damage to, adjacent vegeta
tion, topsoil, soil productivity, adjacent land uses as 
well as crops.

The Department's goal is to get companies to use the 
minimum amount of resources necessary to safely, eco
nomically and efficiently construct gas pipeline facili
ties in an environmentally compatible marmer. To 
accomplish this goal, more care must be taken by appli
cants in the planning stages to request and acquire 
sufficient temporary ROW for their needs. Regulators 
and other parties must also develop "realistic" expec
tations about the minimum width of ROW necessary 
for construction of gas lines of a given size. The diame
ter of the pipeline to be built, the severity of terrain to 
be crossed, the size and type of equipment to be used 
for installation and the amount of ROW used in con

struction of similar pipeline projects, are all factors that 
should be considered before a final determination of 
ROW dimensions is made.

Recognizing that there may be constraints (physical, 
socio-economic and political) on the width of ROW a 
company can acquire, these must be balanced against 
the physical practicalities of construction. Very often, 
this balance can only be reached after the needs of 
construction have been thoroughly assessed in the 
field. To address the need for added flexibility. Staff 
and the Department have streamlined the minor 
change process in an attempt to ensure that companies 
constructing gas lines under Article VII in New York 
State, can make modifications in a reasonable time 
frame so as to discourage unauthorized off-ROW ac
tivities and expedite construction. Department staff 
has also changed the marmer in which pipeline projects 
are reviewed before approval. Since 1995, FCU staff 
have been brought into the application review process 
earlier and have provided input on workspace needs 
before the initiation of construction.

Stream crossings
The largest area of EM&CP non-compliance involved 
pipeline construction across streams. The majority of 
these incidents dealt with failure to control trench 
spoil, failure to comply with construction time limits or 
the improper use or installation of erosion and sedi
ment control devices. In 21 instances, company or con
tractor personnel failed to prevent saturated trench 
spoil from reentering streams thereby, adversely af
fecting water quality downstream. Company and con
tractor personnel also had trouble maintaining erosion 
and sediment control devices on slopes adjacent to 
streams. Failure to install or maintain ditch plugs, 
trench breakers and other erosion and sediment control 
devices, led to 15 documented instances of sediment 
laden water entering streams.

In an attempt to limit impacts on water quality, the 
Department of Public Service worked with the New 
York State Department of Environmental Conserva
tion (DEC) to develop project-specific construction 
conditions. This usually involved the institution of 
time limits or "windows", periods during the year 
where in-stream work would be allowed. Also, the 
Commission instituted time frames on in-stream con
struction which would require that, once initiated, in- 
stream work had to be concluded within 24-^8 hours. 
Eighteen times, in-stream work was not completed 
within prescribed time limits. An examination of field 
logs showed that often, company or contractor person
nel were not prepared to finish a stream crossing once 
initiated and usually initiated the crossing too late in 
the work day.

To address this, staff is currently modifying its 
own in-house construction standards which will detail 
what the Department considers best construction prac
tices during stream crossings. These practices include



I S S D.D. Macks, D. Morrell, and J. Strub

methods for "wet" and "dry" stream crossings, devices 
and techniques for handling supersaturated trench 
spoil and others. In addition FCU staff are working 
with companies, other agencies and other department 
staff to develop job and site- specific stream crossing 
conditions before construction begins. All major 
stream crossings are reviewed in the field, often in 
pre-planning stages to gain FCU staff input prior to 
approval of sensitive crossings.

Wetlands
The primary problem which occurred when crossing 
wetlands was the mixing of soil layers and the inability 
of contractor and company personnel to keep exca
vated topsoil separated from other soils layers. This 
problem is often related to the need for additional 
workspace or other project constraints which may have 
limited the amount of temporary ROW available in 
wetlands. While recognizing the fragile nature of many 
wetland environments may lead some regulators and 
environmental organizations to limit the ROW width 
in wetlands, the realities of working with saturated or 
super-saturated soils must likewise be recognized and 
dealt with in a realistic and appropriate manner.

Due to the value of wetland resources. Department 
Staff is currently revising its in-house construction 
standards and practices to develop better crossing 
techniques and workspace requirements. Additionally, 
as with stream crossings, FCU staff are providing pre
construction review and recommendations on wetland 
crossings to Department and company personnel. This 
includes reviewing proposed crossings before they are 
submitted to the Commission for approval and offer
ing alternative crossing methods or recommendations 
on work space requirements. For example, staff may, 
based upon observation of crossings in similar wet
lands, recommend that a particular resource be crossed 
via directional drilling or traditional push bore as op
posed to open-cut.

CONCLUSIONS

Regulators, gas transmission companies, contractors, 
environmental organizations, landowners and all other 
interested parties, must work together to equitably assess 
the ROW needs prior to the approval of projects or the 
initiation of their construction. Practical experience and 
on-site conditions must be weighed equally with envi
ronmental, socio-economic and political concerns 
when the width of proposed ROW is considered. All 
parties involved in pipeline construction should con
tinually reassess construction standards and practices 
under the pragmatic light of practical experience and 
empirical research.

Stream and wetland crossings often represent the 
most difficult features to be crossed by any pipeline

project. All resources and experience should be applied 
to planning their crossings prior to the initiation of 
construction. After construction commences however, 
regulators must be flexible enough to allow for timely 
modification of approved plans based upon on-site, 
in-field conditions. Regulators must have sufficient, 
experienced personnel in the field during pipeline con
struction to quickly and efficiently review these 
changes.
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We, They, Us: A Case Study of 
Environmental Compliance. The Tuscarora

Gas Transmission Project

John A. McCullough

In 1995, the Tuscarora Gas Transmission Company (a partnership of the Tuscarora Gas Pipeline 
Company, a wholly-owned affiliate of Sierra Pacific Resources, and TCPL Tuscarora, a wholly- 
owned affiliate of TransCanada PipeLines, Ltd.) constructed the 366 km (229-mile) Tuscarora 
Natural Gas Pipeline Project. The construcHon of this pipeline set a new standard for environ
mental compliance programs in the pipeline industry, accomplished amidst a myriad of EIR/EIS 
mitigation measures, permit conditions, environmental requirements and plans, and a cadre of 
agency field monitors. The program demonstrated that even a complex project can be constructed 
successfully and in compliance with the requirements by establishing a strong plan with innovative 
techniques, and a solid working relationship between the project proponent and federal and state 
agencies. Tuscarora's compliance team was staffed by veterans who were well-versed in pipeline 
compliance programs, and in achieving this success they acknowledge that the Tuscarora Project 
was the most difficult in their combined years of compliance experience. Their observations and 
perceptions are incorporated into this review of organization, experience, training, communica
tion, and results.

Keywords: Tuscarora, KEA Environmental, environmental compliance, training, computer reports, 
inspection, monitoring, communication, pipeline

INTRODUCTION

The Tuscarora Natural Gas Pipeline Project set a new 
standard for environmental compliance programs in 
the pipeline industry and was accomplished amidst a 
myriad of EIR/EIS mitigation measures, permit condi
tions, environmental requirements and plans, and a 
cadre of agency field monitors. The program demon
strated that even a complex project could be con
structed successfully and in compliance with the 
requirements by establishing a strong plan and a solid 
working relationship between the project proponent 
and federal and state agencies. Tuscarora's compliance 
team was staffed by veterans who were well-versed in 
pipeline compliance programs, and in achieving this 
success, they acknowledge that the Tuscarora Project 
was the most difficult in their combined years of com
pliance experience. Their observations and perceptions 
are incorporated into this review of organization, expe
rience, training, communication, and results.

PROJECT DESCRIPTION — FACTS AND STATS

In 1995, the Tuscarora Gas Transmission Company (a 
partnership of the Tuscarora Gas Pipeline Company, a 
wholly-owned affiliate of Sierra Pacific Resources, and 
TCPL Tuscarora, a wholly-owned affiliate of TransCa
nada PipeLines, Ltd.) constructed a 51.9 cm (20-in), 366 
km (229-mile) pipeline from Oregon through north
eastern California and terminating at Sparks, Nevada, 
east of Reno. The effort was divided into two construc
tion spreads: Spread 1, consisted of the first 162 km (100 
miles), running south from Oregon to Madeline, Cali
fornia; and Spread 2 contained the final 208 km (130 
miles) to Sparks, Nevada.

The project was completed successfully and dealt 
with of a multitude of environmental issues requiring 
careful planning, commitment, and coordination with 
agencies. The primary federal and state agencies in
cluded Bureau of Land Management (BLM), the Forest 
Service (USES), the California Department of Fish and
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Table 1. Project statistics

Significant statistics

Wetlands crossed 48 ac
Waters of the US crossed 216
Perennial waters crossed 1 0

Special status plant locations crossed 124
Special status wildlife construction windows* 70

crossed
Cultural Resource sites crossed 128
EIR/S Mitigation Measures 223
Special Mitigation Plans and Details > 1 0 0

Permits >90
Construction personnel at peak = 1 0 0 0

Agency Environmental Monitors at peak 15
Tuscarora Environmental Inspectors at peak 8

‘Periods when construction was prohibited or restricted.

Table 2. The bottom lines

Acres of disturbance <2500
Tuscarora and Agency individual inspection 6871

events
Tuscarora or Agency issued Noncompliance 154

Reports
Incidents significantly damaging natural 0

resources

Game (CDFG), the California State Lands Commission 
(SLC), and the Federal Energy Regulatory Commission 
(FERC). The EIR/EIS mitigation measures (223), spe
cial mitigation plans and details (over 100), over 90 
permits, and up to 15 agency field monitors provided a 
unique challenge for Tuscarora and its contractors. 
Table 1 summarizes the significant statistics and Table 
2 gives a sketch of results.

Because of the extensive requirements and the ex
pected, continuous presence of agency field monitors, 
Tuscarora brought together a team of experienced en
vironmental consultants. Their goal was to establish 
and implement an environmental compliance program 
to assure that the Tuscarora Pipeline was constructed  
within all commitments.

THE PROGRAM

The construction compliance program, designed and 
implemented by KEA Environmental and Essex Envi- 
ronmeirtal, emphasized a commitment to protection of 
resources and shared responsibilities between the con
struction and environmental staff and agency monitors 
sustained by open and timely communications.

Support from an organization's upper management is 
the only way a compliance program can succeed and 
Tuscarora's commitment to successful compliance estab
lished the goals from the very beginning. Strict guidelines

were developed to ensure that experienced individuals 
filled the key environmental staffing roles. To achieve 
Tuscarora commitments, a supportive management 
group, a staff composed of professionals, a training 
program, and a method of communication provided 
the framework for the compliance program. This 
framework and the project results are discussed in the 
following sections.

Organization and support
Knowing that an effective compliance program re
quires more than just placing individual inspectors in 
the field, Tuscarora established an environmental man
agement organization in the Reno project office to 
work directly and side by side with the Project, Lands 
and Construction Managers. The positions, a Eield Su
pervisor and a Eield Coordinator, formed direct links 
between their environmental staff on the ground and 
upper project management. These connections ensured 
that environmental issues were treated equally and 
expeditiously along with construction and overall pro
ject demands. Figure 1 shows the Tuscarora Project 
organization and support.

The Field Supervisor, as facilitator and liaison, was 
directly responsible for all compliance activities and 
reported directly to the Project Manager. As an equal 
participant on the Reno project management team, he 
was able to bring field problems immediately to man
agers for resolution whenever necessary. In addition, 
he acted as a conduit to project management for the 
many agencies with monitors in the field.

The Field Coordinator provided coordination to the 
field staff, maintaining records of activities and fur
nishing information to Tuscarora and agency person
nel upon request. He supported the field and project 
management as planner, obtaining permits and ap
provals for new, unanticipated field requirements.

The unanimous single factor that contributed to the 
success of the program, as reported by the environ
mental field staff, was the absolute and continuous 
support they received from the management team 
(project, construction and environmental). The envi
ronmental component was always placed on an equal 
level of concern with construction issues.

Reasons fo r  success
-  Partnership between project, construction, and envi

ronmental management
-  Credo: "Identify the problem, fix it quickly; get ready 

for the next one"
-  Environmental team was given an equal presence 

with Construction at contractor discussions

Improvement areas
-  More time on the ground by Field Supervisor (more 

than the 30% actual)
-  More administrative support staff needed in the 

project office, allowing the Field Supervisor to 
spend more time m the field
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Fig. 1. The Tuscarora Project organization and support.

Environmental staff
The magnitude of environmental issues and require
ments contained in the multitude of mitigation meas
ures, permits, plans and mitigation details (shown on 
Table 1) became the first part of an equation to be 
solved. Added to the formula was a full-time agency 
field presence represented by FERC, USFS, BLM, and 
CDFG, which consisted of 15 or more monitors who 
did not have pipeline experience. Typically, pipeline 
projects require fewer full-time agency field repre
sentatives. The solution to this equation was simple. 
Tuscarora needed a qualified field staff of veteran pipe
line environmental inspectors that required little train
ing and who could immediately begin to ensure 
implementation of the Tuscarora commitments.

A team of experienced and respected professional 
environmental inspectors was hired for the construc
tion effort. The strictest requirement for becoming a 
Tuscarora Environmental Inspector (TEI) was a mini
mum of two years of field experience in reclamation, 
erosion control, and environmental compliance or monitor
ing of pipeline work. Initially, six inspectors were as
signed, three to each spread; however, an additional 
inspector was added to each spread in September in 
response to increased construction activity.

In addition to the TEIs, the field team included seven 
Resource Specialists in non-inspection roles: two soil 
scientists, two biologists, and three archaeologists. 
These individuals were involved in flagging and fenc
ing resources and monitoring specific locations when 
necessary.

During construction, an inspector typically worked 
12-14 hours per day, six days per week. During that 
time, the primary role was to inspect the contractor's 
activities to ensure compliance. Often the inspector

was required to take time away from normal inspec
tion duties to share experience and knowledge or nego
tiate conflicting opinions with the inexperienced 
agency monitors. The biggest challenge was to work 
with the monitors to develop a problem solving ap
proach to getting the pipeline built while staying in 
compliance.

Together, the Tuscarora inspection team and the 
collection of agency monitors became a formidable 
group in the field (Fig. 2), whose primary focus was to 
identify problems while they were still small, and re
solve them before they could develop into significant 
situations. Although there was disparity at times be
tween some of the Tuscarora and agency environ
mental staff, the joint compliance program was 
recognized by all parties as a success.

Reasons for success
-  Support by Tuscarora and contractor management 

levels
-  Use of highly qualified and experienced environ

mental inspectors
-  Significant agency presence, even though they were 

inexperienced

FSmLM

FERC/RMI

CDFG

Fig. 2. Agency monitors and Tuscarora inspectors. FERC/ RMI 
= field consultant for FERC.
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Improvement areas
-  Use fewer but qualified agency monitors
-  Work as a team; moderate adversarial viewpoint on 

both sides
-  Report the facts; don't editorialize; improve record 

keeping on field reports
-  Use fewer, formalized details and specifications to 

allow more field decisions to fit local conditions
-  Solve problems at lower level in the field; if solution 

cannot be quick, then kick the problem upstairs

Environmental training
Tuscarora implemented a multifaceted training pro

gram geared toward "partnering", a far-reaching concept 
where the company and agencies would join together as 
a team to accomplish a successful project, i.e. in compli
ance with environmental commitments. Training con
sisted of three levels: management, worker, and on 
going (tailgate sessions).

Management training
Initial management training consisted of a two-day 
session by Essex Environmental that included repre
sentatives of agency management and monitors, Tus
carora management and inspectors, and contractor field 
managers and foremen. The program was designed to 
give all parties an opportunity to speak, share ideas 
and viewpoints, hear lectures, and participate with in
teractive exercises designed to promote learning and 
partnering. Interaction between the groups was educa
tional and social, and contributed the first step toward 
modifying any preconceived "we-they" attitudes.

Since most agency representatives and monitors 
were being exposed to pipeline construction for the 
first time, the program focused on real examples of 
construction and environmental conflicts. This in
cluded typical compliance issues and preventative 
measures; what to watch for in the field; identification 
of successful implementation; and early indicators of 
compliance concerns. An important element of this 
session was the delivery of the compliance require
ments to company, contractor, and agency personnel at 
the same time.

While perfection rarely occurs in reality, Tuscarora 
expected construction activities in compliance with the 
commitments made for permit requirements, plans, 
and mitigation measures. This message was direct and 
clearly presented at the management training session. 
A pre-project estimated level of compliance-noncompli
ance statistics (Table 3) was shown to the agencies as 
realistic example of what they probably would experi
ence on the Tuscarora Project.

Worker training
All workers (and visitors) were required to attend a 
brief training session prior to entering the field. Con
ducted by a TEI, this 30-minute session was directed 
toward the contractor's personnel, who would ulti-

Table 3. Estimated inspection results

Inspections (%)

Inspections In Compliance
Acceptable 80
Minor problems 1 0

bispections in Non-Compliance
Violation 5
Repeated Violation 3
Serious Violation 1

Emergency (may not be noncompliance) < 1

Total inspections 1 0 0 %

mately be the lowest level staff required to follow the 
rules. Based upon responses heard throughout the con
struction period, the workers heard the message for the 
most part and did their best to work within the pa
rameters required.

Tailgate sessions (on-going training)
At times during construction, the TEIs provided tail
gate (special field training) sessions for the workers to 
highlight or emphasize upcoming natural resources or 
conditions requiring special attention. Additionally, 
repeated instances of non-compliance, i.e., soil separa
tion, erosion control, and oil spills, necessitated tailgate 
sessions to reinforce the project requirements. This ex
tra training proved to refocus the workers when neces
sary. After these sessions, repeated non-compliance's 
diminished significantly.

Reasons for success
-  Tuscarora made strong environmental commit

ments
-  Training program delivered the message
-  Pipeline contractors got the message and tried to 

stay within compliance

Improvement areas
-  Keep the partnering concept; de-emphasize the lit

eral idea
-  Add daily inspection report writing to the program
-  Develop joint understanding of different levels of 

acceptability

Communication and record keeping
With 1,000 construction workers, 368 km (230 miles) of 
pipeline, and over 20 environmental inspectors and 
agency monitors, communication and record keeping 
became an integral thread for the environmental com
pliance program. The Tuscarora Project used cellular 
phones and radios for primary communication while 
the compliance program staff and some of the agencies 
also used a network of computers to record, provide, 
and exchange information.
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Communication
On each spread, radios were used to communicate 
between individuals in the field and to the field offices. 
Radios proved to be an effective method of contact 
when within repeater range. The TEIs and agency 
monitors were on the same frequency as the Tuscarora 
construction management personnel, and the mainline 
contractors had their own frequency. Cellular phones 
were also available for most groups, and were used 
regularly when radio service was unavailable or pri
vacy was required. The phone was the only method of 
communication between the Reno project office and 
the field, while the two field offices maintained radio 
links with their respective spread persormel.

TEIs used both devices equally and neither was pre
ferred. Although dead zones existed for both radio and 
cellular phones, the areas did not seem to cause a major 
obstacle to communication.

Record keeping
The TEIs and agency monitors were required to record 
their inspection and monitoring activities on a daily 
basis. Tuscarora, CDEG, and the FERC monitors used 
a computer network of laptops and base servers to 
record, submit, and exchange their daily recordings of 
inspection and monitoring activities. The Forest Serv
ice and BLM monitors did not use the network. Pipe- 
Trak, a computer database, was jointly designed and 
implemented by the agencies and Tuscarora to keep 
track of inspection and monitoring records (Fig. 3). 
TEIs submitted their daily reports by modem to a com
puter server in the Reno project office, while the agen
cies sent their daily records to a server at the CDEG in 
Redding, California. Every morning each server would

fax a newsletter containing the previous day's Tus
carora inspection and agency monitoring records to 
individuals on a project distribution list.

PipeTrak proved to be an invaluable record system, 
as well as a communication tool, although it increased 
work time due to data entry requirements. Because of 
dust, high daytime temperatures, and to avoid losing 
inspection time, the TEIs kept written notes of their 
inspections and entered their daily records to the com
puter after the day's field activities had been completed.

Reasonsfor success
-  Multiple communications systems were available
-  PipeTrak was excellent for record keeping; data 

proved useful in tracking compliance and non-com
pliance

-  PipeTrak was excellent for sharing information 

Improvement areas
-  Train agency monitors in report writing
-  Set up separate training for use of PipeTrak
-  Re-examine when data needs to be entered into 

computer (after hours adds to the work day)
-  Use single server and newsletter for all parties in

stead of separate systems

SUMMARY OF RESULTS

Did the concept of "partnering" work? Yes and no. The 
contractors and their workers seemed to recognize 
Tuscarora's commitment to the environment and, in 
that sense, entered into a partnership to achieve a suc
cessful project. Both contractors tried to stay in line

P ip e T ra k ir  M o n ito r in g  T ra c k in g  S y s te m  fo r  T u s c a ro ra  P ip bj.^j
EHe I (ill B ep oit'i Utilities
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Fig. 3. PipeTrak laptop screen.
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with project requirements most of the time. The major
ity of agency monitors worked in a positive way to 
resolve problems using a team approach, while some 
remained continuously adversarial. Nevertheless, the 
concept of partnering did help to open doors for com
munication and understanding. Those who chose to 
walk through, did.

The use of PipeTrak for record keeping allowed 
analysis of all recorded Tuscarora inspections, as well 
as CDFG (agency) and FERC (agency) monitoring 
events. This summary evaluates the 6,871 records re
ceived from the three organizations.

Figure 4 shows the distribution of total inspection 
and monitoring records between the three groups us
ing the PipeTrak record system. Typically, an analysis 
would include average records per person each day, 
but the variation in days worked per week and the 
number of iirdividuals working each day made that 
type of comparison invalid. Nevertheless, the groups 
can be compared as shown.

Previously, in the section of this discussion on Envi
ronmental Training, Table 3 showed Tuscarora's esti
mated inspection category distribution, which is 
repeated in Eig. 5 and labeled as "May Estimate". The 
graph section labeled "December Actual" shows the 
results of the inspection/monitoring program at the 
end of construction. Table 4 shows the difference be
tween the estimated and actual results.

Table 4. Inspection categories

Inspection Category 
(6,871 records)

Estimated
o//o

Actual
%

Difference
”/o

br Compliance
Acceptable 80 80.7 +0.7
Minor Problem 1 0 15 +5

Non-Compliance
Violation 5 3.8 - 1 . 2

Repeated Violation 3 0.3 -2.7
Serious Violation 1 0 . 1 -0.9

Emergency (compliance < 1 0.03 -0.97
or non-compliance)

Total Inspections 1 0 0

The actual environmental inspection and monitor
ing records kept by Tuscarora and the agencies demon
strate that Tuscarora significantly improved upon its 
estimate in compliance goals. Almost 96 percent of 
recorded inspection/monitoring records were shown 
as Acceptable or as Minor Problems. The training ob
jective of identifying and correcting problems before 
they became violations was accomplished.

CDFG
10 Monitors
2,917 records (42%)

FERC/RMI 
3 Monitors 
850 records (12%

In sp e c tio n s /M o n ito rin g  

To ta l: 6 ,8 71records

Tuscarora
6 Inspectors (6 in September) 
3,104 records (46%)

Fig. 4. Distribution of inspection/monitoring records.

Non-Compliance Reports
The remaining 4% of inspection/monitoring records 
(288), recorded as non-compliances, resulted in 154 
Non-Compliance Reports (NCRs) issued to the con
tractors by Tuscarora, RMI or CDFG, or all three. The 
difference between the number of recorded events and 
the issued NCRs was a procedural problem that actu
ally inflated the non-compliance records. Often, all 
three groups would record the same non-compliance, 
but only one group would issue the NCR.

B C D E F 
May Estimate

A B C D E F 
December Actual

0 ( A )  Acceptable

■  (B) M inor Problem

□  (C) Violation

□  (D) Repeated Violation

■  (1^ Serious Violation

□  (F) Em ergency

Fig. 5. Levels of compliance. Preconstruction estimates -  postconstruction actuals.
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Another procedural problem occurred when NCRs 
were duplicated for the same event, e.g., one issued by 
Tuscarora and one or more from the other groups. This 
inflated the number of NCRs. However, accepting the 
NCR record (154) instead of the inspection/monitoring 
records (288) as the basis for determining project non- 
compliances, the compliance record improves to 98% 
of the total inspection/monitoring events (6,871).

Five most common Non-Compliance Report 
references
Of the total NCRs (154) issued by Tuscarora and the 
agencies, 106 reports (68%) referenced the five project 
requirement categories listed in Table 5 as the most 
prevalent areas of non-compliance. The top two were 
Topsoil Segregation and Not Following Project Plans, 
in that order. The five categories are discussed in the 
following sections.

#1 — Topsoil Segregation (29 NCRs)
EIR/EIS Mitigation Measure 2.1-4 required separa
tion of topsoil from subsoil which would usually 
need to occur during grading and trenching activi
ties. Adding complexity to the requirement, Tus
carora committed, in its Environmental Mitigation 
and Reclamation Plan, that the separation would be 
0.9 m (3 ft). This was a commitment that proved 
difficult to achieve, thus becoming the most common 
non-compliance. In fact, a number of records in the 
Reference #2 category. Did Not Follow Plan, also in
clude this non-compliance.

Because of the number of violations of the 0.9-m 
(3-ft) separation commitment, a Field Variance proce
dure was established where Tuscarora would submit a 
request to the agency field monitors to change a re
quirement that did not fit field conditions or, as in this 
case, was impractical. Tuscarora submitted a variance, 
which contained a Soil Segregation Plan that replaced 
the 3-ft requirement with more accomplishable proce
dures for soil separation. As a result, compliance under 
this type of situation improved significantly.

#2 — Did Not Follow Plan (27 NCRs)
Table 1 showed that more than 100 special mitigation 
plans and construction details contributed a major 
number of the construction requirements. A great 
many of these duplicated one or more of the EIR/EIS 
mitigation measure requirements. As a result, the TEIs 
and agency monitors had a choice of references to 
select to document a non-compliance. Table 5 shows an 
unusual distribution for this reference category: it was 
used in only 2 NCRs on Spread 1 but in 25 on Spread 2. 
However, sixteen of the NCRs using this reference on 
Spread 2 actually belong in Reference #1, #3, #4, or #5. 
The Spread 2 TEIs and monitors apparently preferred 
to use the Did Not Follow Plan rather than look up the 
correct mitigation measure.

#3 — Hazardous Materials Spill (22 NCRs)
This type of non-compliance increased in frequency 
from the middle of September to the middle of October 
(77%), a period when the contractors equipment began 
to stress from working for two months in the rocky 
conditions. Minor oil spills/drips became more preva
lent. In response, the TEIs implemented an equipment 
audit that was performed weekly requiring faulty, 
leaking equipment to be repaired immediately or be 
removed from the ROW. Once the audit was in place, 
the frequency of oil spill non-compliances decreased 
significantly, dropping to only four after 15 October.

#4 — Temporary Erosion Control (15 NCRs)
This type of non-compliance seemed to occur for two 
reasons: (1) the way the erosion control structure was 
installed (Did Not Follow Plan) or (2) the lack of main
tenance (cattle often ate or destroyed the erosion con
trol structure). Project details showed specific ways to 
install the structures, e.g., angle of stake, type of stake, 
etc. Any deviation (i.e., a loose stake; a pulled staple) 
resulted in a violation. Cattle would often eat the straw 
bales and knock down the silt fencing. This was re
corded as a violation if it wasn't reinstalled by the 
following day. Table 5 shows an interesting distribu
tion of NCRs for this issue: Spread 1 had 13 and Spread 
2 had 2. One agency monitor on Spread 1 seemed to

Table 5. Five most common Non-Compliances

Rank Issue Spread One Spread Two Total
NCRs

TGTC RMI CDFG Subtotal TGTC RMI CDFG Subtotal

1 Topsoil Segregation 7 6 2 15 3 7 4 14 29
2 Did Not Follow Plan 0 2 0 2 5 9 1 1 25 27
3 Hazardous Mat Spill 3 7 0 1 0 1 7 4 1 2 2 2

4 Temp Erosion Control 3 7 3 13 1 1 0 2 15
5 Activity Off-Row 4 0 0 4 6 1 2 9 13

Total NCRs 17 2 2 5 44 16 24 2 1 62 106
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specialize in this type of non-compliance, writing 50% 
of the total temporary erosion control NCRs. Spread 2 
inspectors and monitors used Reference #2 instead of #4.

#5 — Activity Off-Right-OF-Way (13 NCRs)
All participants in the Tuscarora Project were required 
to stay within the approved right-of-way (ROW) which 
varied from 65 to 100 feet. Most of these non-compli
ances were recorded for topsoil or trench spoil piles 
drifting off-ROW by several inches or feet. Several 
NCRs were issued when equipment left the ROW area. 
Spread 2 equipment operators seemed to have the most 
problem in complying with this requirement; five op
erators were discharged early in the project for Refer
ence #5 non-compliances.

Resolution of Non-Compliance Reports
When an NCR was issued by TEIs or agency monitors, 
it remained "on the books" and required resolution, 
e.g. cleanup, re-training, which was then documented 
by a Non-Compliance Resolution Report (NCRR). 
NCRRs reconciled all 154 NCRs and the record was 
completed.

VALIDITY OF MITIGATION MEASURES AND THEIR 
CONTRIBUTION TO NON-COMPLIANCE

Often inappropriate wording contained in mitigation 
measures or plans can lead or contribute to non-com
pliances. A number of the mitigation measures, 
whether contained in the EIR/EIS or in Tuscarora-writ
ten plans and details, were found to be inapplicable for 
field conditions or were written with such extremes 
that field application proved more excessive than nec
essary to protect the environment. Two examples are 
discussed.

First, soil segregation difficulties, reviewed earlier, 
resulted from a commitment written by Tuscarora in its 
Environmental Mitigation and Reclamation Plan to 
maintain a 0.9 m (3-ft) separation between topsoil and 
subsoil piles. This detail proved to be impractical and 
often impossible to achieve when working in a nar
rowed right-of-way, cut-slopes, or rocky conditions. 
More achievable procedures established in precon
struction planning would have accomplished the goal 
of topsoil segregation and avoided the difficulties asso
ciated with the 0.9 m (3-ft) construction detail, resulting 
in more compliance situations.

Second, in a project region considered to be arid- 
semiarid, a multitude of erosion control mitigation 
measures contained in numerous plans, permits, and 
other project documents proved to be costly overkill. 
Precipitation in the area ranges from 8 to 16 inches 
annually with a predominance in the form of snow 
during the non-construction winter season. The 
EIR/EIS failed to consider the climate of the project 
region, and incorporated major erosion control re

quirements during the dry season when precipitation 
is low to non-existent. On the Tuscarora Project, it was 
not unusual to look across the flat desert and see ero
sion control structures consisting of strawbales and silt 
fences in dry, minor intermittent drainages and 
ephemeral swales that rarely saw water in the summer 
season. While summer thunderstorms were known to 
bring bursts of heavy rains that can result in flash- 
floods, the erosion control structures designed for nor
mal precipitation would never have withstood the 
force of a flashflood, regardless of the time of year. No 
project documents tried to balance the dry construction 
period (it never rained) with practical erosion control 
methods and application. As a result, many agency 
monitors relied on the written requirements that over
emphasized the need and locations for erosion control, 
and focused on non-compliances described previously. 
A risk assessment surely would have shown that the 
potential for major erosion impacts during summer 
construction was far less than the magnitude of erosion 
control requirements implied.

Pinally, the sources of many mitigation measures 
and requirements frequently come from previous 
documents, permits, or so-called Best Management 
Practices. As so often is the case, the writers, whether 
they were agencies, Tuscarora, or consultants, simply 
perpetuated previously written concepts and practices 
without consideration of the actual conditions ex
pected to be encountered. The field variance procedure 
used by Tuscarora and the agencies was an attempt to 
reconcile these differences after the project was under 
way. However, project requirements and commit
ments are normally developed prior to construction. 
They should be written by those who have had field 
experience, applying that experience to sensible, flex
ible requirements. Mitigation measures and require
ments should never be "boiler-plate" as this can 
contribute to meaningless non-compliance events. 
They should always be adjusted and fine-tuned to best 
fit a specific project and project area.

CONCLUSION

The Tuscarora Project was a challenge for everyone 
involved including project, construction, and environ
mental staff, and the federal and state agency repre
sentatives who were directly involved with the day to 
day development of this project. Unquestionably, it 
was a difficult and stressful experience for most. For 
many of us, we began the project thinking, as veterans, 
as professionals, that we had all the answers. We and 
They learned that you can never stop learning. We and 
They learned that a project can succeed with environ
mental compliance when the project proponent and the 
jurisdictional agencies work together as a team.

Compliance happens when We and They become... 
Us.
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Environmental Comparison of Pipelines in
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Although the environmental issues involved in pipeline construction are relatively similar in 
Canada and the U.S., the regulatory approaches are substantially different. Based on the author's 
experience with environmental permitting of pipelines across Canada and the western U.S., this 
paper compares pipelines on a federal (NEB vs FERC) and provincial/state (Alberta vs Montana) 
basis. The paper reviews current practice involving regulatory requirements, environmental im
pact assessment as well as environmental mitigation planning and construction practices in the 
respective jurisdictions. Similarities and differences are highlighted regarding treatment of threat
ened and endangered species, cultural resources, wetlands, water crossings, topsoil conservation, 
environmental inspection and training, compliance enforcement and agency compensation. The 
paper concludes that there is a high degree of environmental protection achieved on pipeline 
projects in both countries but that the regulatory process is becoming increasingly complicated, 
particularly in Canada where the recently proclaimed Canadian Environmental Assessment Act and 
other new federal and provincial guidelines and legislation have introduced uncertainty. Lessons 
which can be learned from each country are identified.

Keywords: Pipelines, environment, Canada, United States, permitting, assessment, mitigation, con
struction, inspection

INTRODUCTION

Environmental regulations have been increasingly ap
plied to pipeline projects in both Canada and the United 
States (U.S.) for nearly 30 years. Despite the similarity of 
environmental issues and pipeline construction practices 
in the neighboring countries, the regulatory approaches 
which have evolved are substantially different. One simi
larity is that environmental regulation never remains 
constant — it is a continually evolving series of often 
confusing and occasionally conflicting legal directives 
and guidelines driven by a groundswell of popular 
support for protecting the environment. This paper 
attempts to take a 1996 snapshot of the regulatory maze 
and environmental mitigation measures currently in 
use on both sides of the border. There are important 
lessons to be learned from a comparative examination 
of environmental regulations and pipeline practices in 
the two countries.

The opinions expressed in this paper are based on 
the personal experience and observations of the authors 
during their work as environmental consultants on more

than 1,000 pipeline projects across Canada and on sev
eral projects in the U.S. over the past 21 years.

REGULATORY BACKGROUND 

Federal jurisdiction
Prior to looking specifically at environmental matters, 
it is first necessary to examine the overall regulatory 
process for permitting major pipelines in the two coun
tries. Table 1 outlines some of the key similarities and 
differences for major interprovincial or interstate gas 
pipelines. In both countries, the applicant seeks a Cer
tificate of Public Convenience and Necessity. In Can
ada the Certificate is issued by the National Energy 
Board (NEB), whereas in the U.S. it is issued by the 
Eederal Energy Regulatory Commission (FERC). The 
NEB has always administered oil, gas and liquids pipe
lines, and recently has extended its jurisdiction to also 
include non-energy commodity (e.g., CO2 ) pipelines as 
well. Although oil pipelines are identical to gas lines in 
terms of construction techniques and environmental
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T a b le  1. R e g u la to ry  c o m p a r is o n  o f  m a jo r  in te rp r o v in c ia l/ in te rs ta te  g a s  p ip e l in e s  in  C an ad a/ U .S .

Parameter Canada U.S.

1. Legal Authority

2. Authorizing Agency

3. Other Federal Agencies

4. Environmental Application

5. Filing Format

6 . Filing Fee

7. Agency Environmental Impact 
Statement (EIS)

8 . Provincial/State Involvement

9. Request for Further 
Information

10. Personal Correspondence with 
Staff

Certificate of Public Convenience and 
Necessity under Section 52 of the National 
Energy Board Act.

National Energy Board (NEB), Calgary, 
Alberta

Canadian Environmental Assessment Agency 
(CEA Agency)
Environment Canada, Fisheries and Oceans 
(DFO)
Canadian Wildlife Service 
Agriculture Canada 
Coast Guard
Indian and Northern Affairs Canada (INAC)

"Environmental and Socio-Economic Impact 
Assessment".

Hard Copies.

None.

Certificate of Public Convenience and 
Necessity under Section 7 of the Natural Gas 
Act.

Federal Energy Regulatory Commission 
(FERC), Washington, D.C.

Bureau of Land Management (BLM)
Bureau of Reclamation (BOR)
U.S. Forest Service (FS)
U.S. Fish and Wildlife Service (FWS)
U.S. Army Corps of Engineers (COE) 
Environmental Protection Agency (EPA) 
Advisory Council on Historic Preservation 
(ACHP)

"Environmental Report" (12 Resource Reports).

Electronic Media and Hard Copies.

$19,500.00

No. Under Canadian Environmental Assessment Yes for major projects, as required by Natiotial
Act, NEB will prepare a "comprehensive 
study report" or participate in a "joint review 
panel report".

Generally informal and limited. Some 
provinces (e.g. Ontario) take a more active 
role.

Environmental Policy Act.

Formal as cooperating agencies in EIS. Specific 
to each state and project. California tends to 
receive special status as a co-lead in a joint 
EIS/EIR.

Yes (Information Requests). May be numerous Yes (Information Requests). May be numerous 
to resolve most issues prior to the Hearing. requests over several months to feed EIS.

None once Application filed. Limited to nil with strict rules against holding 
"ex parte" communication.

11. Mandatory Public Meetings Yes. Prior to formal hearing as part of Early Yes, at scoping meetings and comment
Public Notification. Usually held by applicant meetings prior to and after issuance of Draft

12. Formal Public Hearing

but CEAA requires NEB involvement.

Yes. (Panel of Board Members.)

Yes.

13. Approval Period 9-15+ months

14. Expropriation / Condemnation 
Construction Rights

15. Federal Precedence over 
Provincial / State and Local 
Agencies

Likely but rarely tested in the courts.

EIS. Meetings run by FERC staff with 
transcripts taken.

Rare occurrence. If it does occur, it takes the 
form of an Administrative Law Judge 
recommending to Commission.

19-24+ months

Yes.

Yes. Upheld by U.S. Court of Appeals in the 
National Fuel Case

impact, the Natural Gas Act does not empower FERC to 
issue certificates for oil lines or lines carrying other 
commodities such as carbon dioxide (CO2 ).

In Canada, the applicant files an Environmental and 
Socio-Economic Impact Assessment under the Guide
lines for Filing Requiremenfs (NEB 1995). In the U.S., 
the applicant files an Environmental Report (ER) under

FERC's regulations which implement the National En
vironmental Policy Act of 1969 (NEPA) (42 U.F.C. 4321 et 
seq.). The applicant follows Guidelines for the Prepara
tion o f Environmental Reports under the Natural Gas Act 
(FERC 1995) as well as an ER checklisf updated from 
time to time and made available from EERC's Office of 
Pipeline Regulation (OPR). FERC's preferred format
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for filing Environmental Reports is to have the applicant 
file a series of Resource Reports covering the traditional 
gamut of environmental concerns. FERC also requests 
applicants to comply with FERC's standard Plan and 
Procedures or describe how their proposals result in su
perior environmental mihgation (FERC 1994b, 1994c). 
FERC has conducted numerous well-attended compli
ance workshops in major U.S. cities to assist pipeline 
companies in understanding the provisions of FERC's 
Plan and Procedures, and recently offered separate 
workshops on Environmental Report Preparation.

There may be extensive formal participation of 
states in an FERC review process because most agen
cies see the value in cooperating in a single EIS docu
ment. In Canada, the participation of provinces in an 
NEB Application is generally informal. NEB staff are 
not permitted to communicate with the applicant's 
staff once the Application is filed. Communications are 
routed through the applicant's lawyer. A similar situ
ation has emerged in the U.S. where strict "ex parte" 
rules must be obeyed. Both agencies routinely issue 
requests for additional information. Unless waived by 
the NEB, a public hearing is mandatory on pipelines 
greater than 40 km in length and environmental issues 
are also examined by the Board's Panel. There is usu
ally no public hearing in the U.S., although an admin
istrative hearing may be ordered if the application is 
contentious or competitive. The process in Canada 
may take six months for a straightforward application 
to more than 12 months for a contentious project. In the 
U.S., FERC has taken up to 36 months or more to issue 
a certificate, but there are recent indications that FERC 
is starting to expedite the process (Tuscarora Gas 
Transmission Company received a certificate within 19 
months of filing its application).

Both the NEB and FERC Certificates clearly grant 
the power of eminent domain, allowing the applicant 
to expropriate or condemn land for installation of the 
pipeline. Less clear is whether the applicant must com
ply with all provincial/state and local government 
laws and regulations in the event of a conflict with a 
Certificate condition or federal law. Legally the federal 
certificate should take precedence, but some lower- 
level agencies may not agree. For example, the New 
York Public Service Commission (PSC) applied its Ar
ticle VII certification process to the Iroquois pipeline in 
the late 1980s. The resulting duplicative public hear
ings and regulatory review were both costly and time 
consuming for the applicant and confrontational with 
the PSC. This project is discussed in more detail below. 
The applicant's only legal recourse in these situations 
is to sue the lower agency in the courts, an unattractive 
option, given that the likely outcome is postponement 
of construction. Accordingly, most applicants on both 
sides of the border attempt to negotiate a fair resolution 
of the problem.

A fundamental difference in regulatory approaches 
of the two coimtries is the author of the environmental

assessment report. In Canada, the NEB makes its deci
sion based on: the applicant's Environmental and So
cio-Economic Impact Assessment; applicant responses 
to information requests; and applicant responses to 
Board, staff and intervenor questions at a public hear
ing. In the U.S., however, FERC takes the applicant's 
Environmental Report (ER) and proceeds to write an 
Environmental Impact Statement (EIS) based on the ER 
as well as original research and public input received 
through a formalized public scoping process. The EIS 
process is discussed in more detail below.

While NEPA in the United States has been in effect 
for almosf 30 years and FERC has developed proce
dures to implement this legislation in its certification 
process, Canada is a relative newcomer to formal, leg
islated environmental assessment. Canada has oper
ated on a discretionary guideline system known as the 
Environmental Assessment and Review Process Guidelines 
Order, SOR 84-467 (EARPGO), since 1974. The NEB 
implemented EARPGO by performing environmental 
screening of new pipeline projects as part of its normal 
certification process. The situation changed dramati
cally on 19 January 1995 with the proclamation of the 
Canadian Environmental Assessment Act (CEAA) (Canada 
Gazette, Part III, Vol. 128, No. 21, SOR/94-636, SOR/94- 
637, SOR/94-638 and SOR/94-639). Proclamation of 
CEAA has brought regulatory uncertainty to the pipeline 
industry as the NEB, Canadian Environmental Assess
ment Agency (CEA Agency) and applicants struggle with 
implementation of new environmental requirements 
overtop a well-understood environmental permitting 
system. CEAA requires major pipeline projects greater 
than 75 km in length on a new right of way to undergo 
a "comprehensive study assessment" which is consid
erably more onerous than a "screening" assessment 
(Hanebury 1995). For example, cumulative environ
mental effects, effects of malfunctions and alternative 
means to the project (not just alternative routes) must 
be assessed. If the responsible authority concludes that 
there may be significant environmental effects or there 
is sufficient public concern, a "review panel assess
ment" may be triggered.

The Express crude oil pipeline built in 1996 was a 
test case of the CEAA review process. The project expe
rienced many regulatory problems including: delays in 
striking a joint review panel with members from the 
NEB and the CEA Agency chaired by the NEB; lengthy 
interventions by CEA Agency-funded environmental 
nongovernment organizations (ENGO's) at a six-week 
public hearing; a dissenting opinion by one of the four 
panel members; three appeals (since overturned) to the 
Federal Court of Appeal in Ottawa by disenchanted 
ENGOs claiming that the Panel had failed to comply 
with CEAA- an ENGO request to the Supreme Court of 
Canada to order the Federal Court of Canada to review 
the environmental approval granted Express by the 
federal regulators; and a late requirement for a separate 
NEB Hearing and CEAA environmental screening on
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an accessory 16 km 69 kV powerline feeding a critical 
pump station. It is evident that both the NEB and CEA 
Agency are dissatisfied with the way the Express case 
was handled. A post-mortem report is due to be re
leased in early 1997. In the meantime, Canadian pipe
line applicants are proceeding cautiously in the hope 
that the duplicative requirements will be avoided and 
that there will not be a requirement for two public 
hearings, which can happen if a review panel assess
ment is ordered following the traditional NEB hearing. 
There are Indications that a "Memorandum of Under
standing" between the NEB and the CEA Agency may 
be signed appointing the NEB as a "substitute panel" 
for a CEAA review, although it is also understood that 
the CEA Agency has identified eight fundamental de
ficiencies with NEB's process. Alternatively, there are 
indications that the Minister of Environment oversee
ing the CEA Agency may not require a "review panel 
assessment" at all but rather rely on a "comprehensive 
study report" prepared by the NEB acting as a "respon
sible authority". This approach implies that the NEB 
will find that the project is not likely to cause significant 
environmental effects once mitigation is applied. This

also assumes that Section 5 of the Act will be amended 
to correct a legal point of law which permits the Board 
to be a "Federal Authority" but not a responsible 
authority.

Whatever the outcome, it is obvious that a solution 
is required soon or the Canadian pipeline industry may 
be paralyzed by regulatory uncertainty. The cynic 
would observe that a political solution may be en
forced if the agencies fail to resolve their differences in 
a timely fashion. For example, the Cabinet of Prime 
Minister Jean Chretien recently amended regulations 
under CEAA that would exempt the sale of two nuclear 
reactors to China from full scrutiny (Gregory 1996).

Provincial/state jurisdiction
For comparative purposes. Table 2 presents a similar 
outline of the intra-provincial and intra-state pipeline 
situation using the neighboring jurisdictions of Alberta 
and Montana as examples. Alberta is in the forefront of 
developing regulations to mitigate the environmental 
effects of pipeline construction, as more pipelines are 
built in Alberta than any other jurisdiction in Canada 
(more than 240,000 km of pipeline in the ground).

Table 2. Regulatory comparison of major intraprovincial/intrastate pipeline in Alberta/Montana

Parameter Province of Alberta State of Montana

1. Legal Authority

2. Authorizing Agency

3. Other Provincial/State Agencies

Permit to Construct and License to Operate Certificate of Environmental Compatibility 
under The Pipeline Act and Public Need under the Major Facility

Siting Act.

Alberta Energy Utilities Board (EUB), 
Calgary, Alberta

Department of Environmental Quality, 
Helena, Montana.

Alberta Environmental Protection, Land and Department of Fish, Wildlife and Parks;

4. Number of Applications/Year

5. Environmental Application

6 . Filing Fee

7. Environmental Impact Statement 
(EIS)

8 . Mandatory Public Meetings

9. Public Hearing

10. Approval Period

11. Construction Reclamation 
Performance Bond

Forest Service 
Natural Resources Service 
Agriculture, Food and Rural Development 
Historical Site Service 
Fisheries and Oceans

80-100

Conservation and Reclamation Application 
for a pipeline with an index number >2690 
(length in km multiplied by outside pipe 
diameter in mm)

$5,000 (C&R application fee; EUB fee also 
applies)

No

No, but strongly encouraged. Held prior to 
filing and run by applicant

Not usual

< 2  months on average 

No

Department of Health and Environmental 
Safety
Department of State Lands;
State Historic Preservation Office.

< 1.

Environmental Application (for a pipeline 
>48.3 km in length and 432 mm internal 
diameter).

Varies based on dollar value of facilities. May 
reach $2 0 0 ,0 0 0 +.

Yes {Montana Environmental Policy Act).

Yes, at scoping meetings prior to filing.

Mandatory. Held before a Hearing Examiner.

15-36 months depending if pipeline is a 
utility.

Yes. $l,242/km.
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Montana has experienced few recent pipeline projects 
and is a state lying at some point on a continuum 
between California or New York which are heavily 
regulated, and Idaho or Wyoming which are less so.

In 1996, Alberta's Energy Utihties Board (EUB) proc
essed more than 3,000 applications for pipeline permits 
under The Pipeline Act, of which 84 were long enough 
to have required Conservation and Reclamation (C&R) 
Approval under regulations of Alberta Enviromnental 
Protection (1994). The Montana Certificate of Environ
mental Compatibility and Public Need incorporates 
approvals from most state, federal and county agencies 
whereas the EUB Permit does not. However, the rapid 
tum-around time for Alberta permits compared to 
Montana allows the applicant to expeditiously acquire 
the other permits itself. There is no EIS requirement for 
pipelines in Alberta, whereas in Montana, an EIS is 
mandatory under the Montana Environmental Policy Act 
(MEPA). Regulations under Montana's Major Facility 
Siting Act (MESA) specify a filing fee calculated as a 
percentage of the total project cost. The funds would be 
used to prepare an EIS and to reimburse review agen
cies for staff time and expenses. The company is also 
required to post a performance bond. In Alberta, there 
is a nominal filing fee for the C&R application, regard
less of the size of the project and no performance bond. 
A public hearing is mandatory in Montana. On the 
Express case, a Hearings Examiner reviewed the case 
and made recommendations to the Board of Environ
mental Review, which met in public to formally ap
prove the project (Montana Board of Environmental 
Review 1996). In Alberta, the EUB expects applicants to 
resolve environmental and landowner issues through

mediation without a formal public hearing. Of the 
more than 3,000 pipeline applications in 1996, there 
were only two public hearings held by EUB. The Al
berta process can be completed in a fraction of the time 
required by the Montana process.

There is significant emphasis in Alberta C&R Re
ports on soil surveys. Environmental Protection Plans 
(EPPs) and construction alignment sheets. While the 
C&R does not contain the verbiage characteristic of an 
EIS document, it contains more specific details on envi
ronmental protection measures — stripping topsoil, 
water crossing methods, timber salvage and so on. The 
EPP, complete with annotated aerial photomosaic align
ment sheets, is designed to be extracted from the regula
tory document and incorporated into pipeline 
construction specifications and contract documents. In 
this way, the environmental mitigative measures become 
contractually enforceable and binding on the contractor.

ENVIRONMENTAL IMPACT STATEMENT

Some major differences between the two countries are 
evident with respect to the type of EIS document pro
duced at the federal level (Table 3). In Canada, the 
applicant prepares and pays for its own Environmental 
and Socio-Economic Impact Assessment. In the U.S., 
the same is true of the Environmental Report. How
ever, FERC goes one step further in preparing the EIS 
or hiring a third party contractor if staff are too busy to 
take on the task. FERC may pay for the EIS out of its 
budget by assigning its own staff, possibly assisted by 
FERC's environmental support contractor. However,

Table 3. Comparison of major gas pipeline. Environmental impact statement parameters in Canada/U.S.^

Parameter Canada U.S.

1 . Prepared by Applicant FERC (usually by FERC's environmental support contractor 
or a third party contractor rather than FERC staff).

2 . Paid for by Applicant FERC but sometimes by applicant mider cost recovery. 
Indirect control over contractor selection. No direct control 
over content, cost or timing.

3, Cost $1 0 0 ,0 0 0 -$ 1 ,0 0 0 ,0 0 0 + $0 -$ l , 0 0 0 ,0 0 0 +

4. Preparation Time 4-12+ months 13+ months

5. Draft Circulated to Public No Yes

6 . Size of EIS 300-500 pages 500-750 pages (DEIS, FEIS)

7. Environmental Inspection 
Required

Yes, since 1974 Yes, since early 1980s.

8 . Post-construction Monitoring 
Required

As-built, 1 year after and 2 year 
after reports required to be filed

One and 2 year after reports required to be prepared but not 
necessarily filed.

* The EIS referred to in Canada is the applicant-prepared Environmental and Socio-Economic Impact Assessment whereas the EIS 
referred to in the U.S. is the Draft and Final EIS prepared by FERC. The applicant-prepared Environmental Report may cost from 
$1 0 0 , 0 0 0  to $800,000 to prepare.
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under the principle of cost recovery, the applicant may 
fund the EIS preparation in the interest of more timely 
EIS delivery (EERC 1994a). EERC announced its third- 
party EIS contracting program on 9 February 1994. 
Tuscarora and Mojave Northward Expansion were the 
first two projects to take advantage of this option. It 
appears that the U.S. portion of the Alliance Pipeline 
Project, from North Dakota to Chicago, will be the 
third. The dollars can mount up and easily exceed $1 
million on a major pipeline. However, the applicant 
has only indirect control over selection of the third 
party contractor, and no control over cost, timing or 
content of the EIS. Some control over these parameters 
can be exercised by filing a complete and detailed En
vironmental Report that is directly transferable to the 
EIS. Environmental data organized by resource reports 
and milepost tables generated from digital mapping 
are the most useful to EIS preparers. Following public 
scoping meetings, field visits and office research, a 
Draft EIS (DEIS) is written and circulated to a multi
tude of agencies, citizens and interest groups for com
ment. The applicant also has an opportunity to 
comment. The EERC uses public input to revise the 
DEIS and then issues multiple copies of the Final EIS 
(FEIS) complete with an Appendix reproducing all the 
comments received on the DEIS and describing how 
EERC responded to the comments by modifying the 
FEIS. Input is also received at public comment meet
ings where a court reporter records the proceeding 
verbatim. The DEIS and FEIS specify detailed mitiga- 
tive measures which the applicant must fulfill before, 
during and after construction.

In Canada, relevant environmental issues must be 
described and addressed with appropriate mitigation. 
The NEB requires identification of a preliminary envi
ronmental issues list as a management tool for tracking 
mitigation and issue resolution. Mitigation details 
were formerly provided as responses to Information 
Requests or verbal commitments at the hearing, which 
were later reinforced as a condition of the Certificate 
issued by the NEB. However, applicants are now filing 
detailed EPP's similar to the Alberta model in order to 
describe specific mitigation measures. The NEB has 
also issued guidelines for applicants to implement an 
Early Public Notification Program and has developed 
a draft framework for intervenor funding. These issues 
are reinforced by CEAA requirements for establishing 
a public registry and providing intervenor funding.

In the U.S., public information and notification are 
formally codified under NEPA. While some applicants 
hold their own public meetings prior to EERC scoping 
meetings, there is a growing cynicism among appli
cants in the Northeast U.S. that early public involve
ment merely gives opponents more time to challenge 
the project, both inside and outside the courtroom. 
What many observers refer to as "the heart of the EIS" 
is the analysis of alternatives. This section may include 
alternative fuel sources (including energy conserva

tion), alternative pipeline systems (whether they are 
actually proposed as competitive systems or not) as 
well as alternative routes studied in equivalent level of 
detail. Also considered in the EIS is the no-action alter
native, which examines the consequences of not build
ing the proposed pipeline. Mitigative measures to 
avoid or minimize environmental effects of fhe project 
are provided in the form of conditions concluding the 
EIS and eventually attached as conditions to any certifi
cate issued. Standard mitigation statements include a 
requirement that the applicant follow FERC's Plan and 
Procedures (EERC 1994b,c) or propose equally protec
tive mitigation in advance. EERC conditions its Certifi
cate with a requirement for the applicant to file an 
Implementation Plan defining how it will meet post- 
Certificate/preconstruction filing requirements, in
cluding how environmental protection measures will 
be communicated to the contractor (Lake 1993).

Pipeline routing issues are similar on both sides of 
the border. Both countries require public justification 
of routing decisions and emphasize the use of corridors 
(i.e., following existing linear facilities wherever possi
ble). However, the corridor concept is being ques
tioned in some cases. In Alberta for example, the 
Natural Resources Service discourages wide (>50 m) 
corridors in some forested areas because the resulting 
clearing may create a barrier to wildlife movements or 
increase hunter success to unacceptable levels. In 
southwestern Ontario, landowners on a recent looping 
project objected on the basis that the cumulative impact 
of adding a fourth line crossed a threshold level where 
the impacts on their tile-drained farming operations 
were perceived to be excessive and unreasonable. They 
recommended that the company start a new route any
where but on their land. There also appears to be a 
growing awareness that, in some instances, environ
mental awareness may have been very limited during 
route selection of older linear developments.

American EIS documents are written to withstand 
legal challenge. From time to time, EERC has had its 
certification decisions challenged without success in 
the courts by competing pipeline companies, state 
agencies like California Public Utilities Commission or 
environmental interest groups. Until recently, NEB cer
tificates were rarely challenged on legal grounds. Intro
duction of CEAA, however, has provided considerable 
opportunity for legal challenge. The process withstood 
several appeals in the Express case. More legal chal
lenges can be expected as ENGOs take advantage of the 
intervenor funding provisions of CEAA and those pro
posed by the NEB as well as the regulatory uncertain
ties in implementation of CEAA on NEB projects. 
Canada appears to be following the litigious lead of the 
United States where teams of solicitors are in place 
early on to advise the applicant how to avoid a wide 
array of legal minefields or to advise opponents on 
legal plays that may cause the project to be delayed or 
cancelled.
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ENGOs have become more involved in large pipe
line applications in Canada then in the past and which 
may, in part, be the result of provisions for intervenor 
funding under CEAA. In the event that the framework 
for intervenor funding is adopted by the NEB, then 
increased participation by ENGOs can be anticipated. 
The scrutiny recent projects have received by ENGOs 
has resulted in increasingly intensive preconstruction 
surveys and more detailed mitigation. The effect of this 
increased scrutiny is that each new major project tends 
to "raise the bar" or quality of the application several 
notches.

RECENT TRENDS IN MITIGATION PLANNING AND 
CONSTRUCTION PRACTICES

Threatened and endangered species
If requested by the appropriate agency, applicants in 
the U.S. are required to search for special status species 
on portions of their pipeline rights-of-way to meet the 
Endangered Species Act (ESA) and any similar state leg
islation. Large teams of fish and wildlife biologists and 
botanists are assembled to survey for special status 
species during critical periods of their life cycles. Volu
minous reports are filed with FERC. Section 7 of the 
ESA may require FERC to prepare a Biological Assess
ment (BA) documenting possible impacts on habitat or 
populations of federally listed or proposed threatened 
and endangered species and to submit the BA to the 
U.S. Fish and Wildlife Service (FWS). In the BA, FERC 
will propose mitigation and identify whether there is 
or is not an effect on the species in question. In the event 
of an "effect", FERC and the FWS must enter into 
"formal consultation". The FWS will, in turn, prepare a 
Biological Opinion (BO) using a worst-case construction 
scenario documenting any potential impacts and pre
scribing mitigation and compensation which must be 
followed to minimize impacts if a reroute cannot be made 
to avoid the habitat or population. The sole concern of 
the FWS is the protection of the species in question. The 
FWS is not bound by project economics or practicality 
when it proposes mitigation or compensation for loss 
of habitat. This fact has forced some applicants into: 
rerouting; hiring scores of biologists as construction 
monitors; rescheduling construction activities in sensi
tive areas; or purchasing large tracts of land to compen
sate for loss of habitat at a 3:1 or 5:1 ratio.

Threatened and endangered species in Canada re
ceive considerably less protection than in the U.S. and 
only on an ad hoc basis. The Committee on the Status of 
Endangered Wildlife in Canada (1996) publishes an 
annual list of species determined to be threatened, en
dangered or extirpated. The list currently carries no 
official protection, although this would change for at- 
risk-species on federal lands if a recently tabled bill (Bill 
C-65) is passed (Steinhart 1996). Applicants to the NEB 
routinely conduct rare vascular plant and wildlife sur

veys along segments of the route that traverse native 
vegetation. While many of these surveys are completed 
after receipt of a Certificate, contingency measures (in
cluding rerouting) are included within the application 
in the event that rare and endangered vascular plants 
or wildlife are discovered during the surveys.

Cultural resources
As part of its EIS document, FERC must address im
pacts on cultural resources (archaeological and historic 
sites and features) and paleontological resources. Ap
plicants are required by Section 106 of the National 
Historic Preservation Act to survey the route as recom
mended by the State Historic Preservation Office, BLM 
or USES, and mitigate potential impacts. Large teams 
of archaeologists are assembled to walk the "Area of 
Potential Effect" (or APE) along either side of center- 
line. Where properties are foimd that are listed or eligi
ble for listing on the National Register of Historic 
Places, the applicant must either avoid the site by re
routing (the preferred practice) or conduct mitigation 
in the form of scientific excavation of the site. Mitiga
tion must be complete before construction can begin on 
the entire pipeline segment where the property was 
found. Scientific excavation of sites can be painfully 
slow and expensive.

Considerable confusion exists on the cultural re
source regulatory process in the U.S. due largely to the 
myriad of agencies involved. Unlike Canada where 
cultural resources are generally a provincial responsi
bility handled efficiently and expeditiously, FERC 
must deal with several organizations in the U.S. includ
ing federal land managing agencies such as the BLM 
and FS, SHPOs, and the Advisory Council on Historic 
Preservation. Each agency jealously guards its own turf 
and insists that its procedures are superior to its coun
terparts. Given that pipelines often cut across several 
jurisdictional boundaries, there is a great potential for 
regulatory gridlock. Commencing in late 1990, FERC 
reluctantly began signing individual project Program
matic Agreements (PAs) with the various agencies to 
demonstrate its compliance with Section 106. The PA 
establishes a formal procedure for evaluating cultural 
resources data supplied by the applicant and making 
recorrunendations for mitigation. In the early 1990s, 
FERC and the Advisory Council attempted to negotiate 
a Nationwide Programmatic Agreement to make pro
ject-specific PAs obsolete but appears that these efforts 
have now been abandoned. While these developments 
are evolving, U.S. pipeline applicants are under consid
erable uncertainty about lead times and responsibili
ties for cultural resource approval. The best advice is to 
begin cultural resource inventories as early in the pro
ject as feasible, since these approvals tend to be on the 
critical path.

The Canadian situation is more straightforward. 
From a resource protection perspective (as opposed to 
a regulatory process perspective), cultural resources in
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Canada are given roughly the same level of protection 
as in the U.S. The major difference is fhat protection is 
achieved more quickly and with less confusion and 
agency posturing. Avoidance of significant sites is the 
preferred practice in both countries.

Accommodation of the concerns of First Nations in 
Canada and Native Americans in the U.S. continues to 
be requisite components of pipeline applications on 
both sides of the border. This is particularly applicable 
in British Columbia where few treaties were signed 
and aboriginal land claims cover more than 100% of the 
province's land base (i.e., there are overlapping claims 
by different groups). There is increasing pressure on 
both sides of the border to deal in good faith with 
aboriginal groups and to hire native workers as much 
as possible (see Mohun and Halverson 1993).

Wetlands
U.S. policy is that there shall be "no net loss of wet
lands". Pipeline companies argue with varying degrees 
of success that construction is only a temporary impact 
and does not represent a net permanent loss of wet
lands if existing contours and drainage patterns are 
replaced. Nevertheless, large teams of wetland scien
tists are assembled to delineate wetlands along center- 
line using federal agency manuals as a guide. FERC 
considers wefland impacts in its decision-making and 
conditions certificates with a directive to follow its 
Procedures (FERC 1994c). EERC's philosophy seems to 
be that compliance with the Procedures will categori
cally result in no net loss of wetlands. One company in 
northern California protected more than 300 wetlands 
of 13 different types using 10 different construction 
procedures on a recent 370 km pipeline. Many of these 
were in fact "dry" wetlands. Mitigation measures in
cluded narrowing the construction right of way width, 
salvaging topsoil over the trench, replacing a hydro- 
logic seal with bentonite, and replanting with native 
wetland vegetation (PERC and CSLC 1995). The same 
company faced requirements for off-site compensation 
(i.e., acquisition of similar wetlands away from the 
right of way) which were equally as onerous as the 
mitigation requirements.

What may be a "vernal pool" in California is a 
"slough" in Saskatchewan. Although wetlands have 
traditionally received little protection in Canada, there 
is increasing awareness of the need. For example. 
Ducks Unlimited and the North American Waterfowl 
Management Plan have made considerable strides in 
preserving and creating wetlands, especially in the 
prairie provinces which are generally regarded as the 
"North American duck factory". Pipeline companies 
are coming under pressure to preserve wetlands in 
regions with high waterfowl production. Protection 
primarily equates to avoidance with minor reroutes, 
crossing during a time of year when birds are not 
nesting and reestablishment of the wetland contour. 
Pipelines in wetland areas with little waterfowl pro

duction are subject to limited or no requirements. 
Many Canadian pipeline companies unknowingly 
practice wetland preservation every time they opt for 
winter construction in northern muskeg areas.

Water crossings
Most water crossings in both countries are still in
stalled using the open cut crossing technique, although 
British Columbia (B.C.) is typical of some jurisdictions 
which require the applicant to study the feasibility of 
horizontal directional drilling (HDD), boring or iso
lated ("dry") crossing methods (such as flume, dam- 
and-pump, diversion) before an open cut crossing 
method will even be considered on most moderate 
sized, fish bearing watercourses (B.C. Pipelines Water
course Crossing Guidelines Committee 1996). Open 
cut crossings will become increasingly less common in 
both countries, even though most practitioners recog
nize that a practical and effective solution is to cross 
streams quickly during low water and when fish are 
less sensitive to disturbance (i.e., in the appropriate 
timing "window"). FERC's current Procedures (PERC 
1994c) include a requirement for fluming and a number 
of other detailed precautions at minor streams (<3.1 m 
wide) that contain sensitive fisheries. The federal Fish
eries Act is the legislation in Canada used to limit or 
prevent the release of deleterious material into fish
bearing watercourses and ensure no net loss of fisher
ies habitat. Nevertheless, each region appears to 
interpret the Fisheries Act and what constitutes "delete
rious material" in a different manner. Ontario and Brit
ish Columbia are increasingly applying more onerous 
mitigation and compensation measures and penalties 
on non-compliance for discharge of sediment into fish
bearing watercourses imder the auspices of the federal 
Fisheries Act. Ontario, for example, is requiring appli
cants to prepare erosion and sediment control plans. 
Proposed changes to this Act would transfer additional 
administration of the Act to each province. While this 
could allow consistent policy to be administered 
throughout a province, some ENGOs strongly reject 
the proposal since it would weaken the federal govern
ments role in onshore fisheries concerns (Scott 1996).

Canada is catching up to the U.S. in application of 
HDD as the T>est management practice' crossing 
method. Now that the technology is readily available 
in Canada and numerous crossings have been success
fully complefed, directional drilling will continue to be 
more widespread, where feasible, as companies gain 
experience with the technique and costs start to come 
down. The environmental advantages are obvious since 
it is often possible to drill under both the river bed and 
steep approach slopes from one drilling location. How
ever, a B.C. pipeline company was recently charged un
der The Fisheries Act for releasing drilling mud into a 
watercourse during an HDD frac-out. Boring of small 
to moderate size watercourses in a manner similar to 
irrigation canals is also becoming more common if
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substrate and groundwater conditions permit. A 
uniquely Canadian application of the boring method 
on muskeg streams is to excavate a hellhole and pump 
it dry overnight in order to freeze the trench walls 
sufficiently to allow a boring machine safe access to the 
bore pit (Houser and Eccles 1993). As a result of in
creasing pressure for negligible impact during water 
crossing construction and the relatively high cost of 
drilling, there appears to be renewed interest in install
ing aerial crossings.

Topsoil conservation
In Canada, there is more emphasis on topsoil conserva
tion on both agricultural and non-agricultural lands 
than in the U.S., although the Americans have recently 
made major improvements. The norm in Canada is to 
strip over the trench and under the spoil pile on culti
vated lands (Mutrie and Wishart 1987). In some situ
ations, companies strip the entire right of way and 
follow-up with deep ripping to relieve compaction 
prior to topsoil replacement. The protection of native 
prairie in southern Alberta and Saskatchewan has 
emerged as a major environmental issue on recent pro
jects. Several companies have developed innovative 
procedures to protect the sod layer by narrowing the 
right of way, instituting strict traffic controls, severely 
restricting grading and using specially designed equip
ment such as the "Prairie Protector", modified ran
geland sweeper and hydraulic step blade (Blair and 
Houser 1992). In the U.S., trench line stripping (double 
ditching) used to be the norm although FERC's Plan 
(FERC 1994b) now requires either "trench plus spoil" 
or "full right of way" stripping on agricultural lands. 
On agricultural lands in Canada, experienced soil sur
veyors map topsoil depth and problem soils to trench 
depth on center-line at a scale of 1:15,000 or less. The 
soils report is incorporated into the EPP which includes 
several combinations of stripping widths and depths, 
including three-lift soils handling or overstripping in 
problem soils and special machinery for special situ
ations (e.g., frozen topsoil). FERC, however, does not 
require on-the-ground soil surveys but allows appli
cants to rely on existing mapping by the Soil Conserva
tion Service. Pipeline reclamation in both countries is 
becoming more sophisticated with increasing reliance 
on erosion control products and procedures (silt 
fences, tackifiers, straw crimping, waterbars, sub
drains, bioengineering) and use of native seed.

Environmental inspection and training
In Canada, there is less emphasis on monitoring and 
more on environmental inspection, which is defined as 
the assignment of one or more environmental special- 
ist(s) as part of the owner company's inspection team 
to enforce the environmental specifications in the con
tract documents (Mutrie 1979). Environmental inspec
tors have been used during construction of major NEB 
pipelines since 1974 and have also been employed on

U.S. projects since the early 1980s. The annual training 
course on Pipeline Environmental Inspection offered 
by the Petroleum Industry Training Service (PITS) in 
Calgary was the first of its kind in North America and 
has attracted representatives from FERC staff and U.S. 
pipeline companies. FERC's Plan (FERC 1994b) re
quires the use of environmental inspectors during con
struction. The norm used to be to assign one 
environmental inspector per pipeline spread but recent 
projects on both sides of the border have had up to four 
full-time inspectors per spread in addition to environ
mental monitors advising on specific resources such as 
wildlife, rare plants and archaeology. Part of the envi
ronmental inspector's job is to conduct environmental 
training of all personnel to alert them to specific envi
ronmental concerns on each particular project.

Compliance enforcement
Perhaps the biggest difference between Canada and 
the U.S. is in the area of legal enforcement. It has been 
Canadian practice to pass tough environmental legisla
tion and regulations, but not to strongly enforce them. 
Regulatory agencies tend to be timid and give industry 
multiple warnings and notices rather than non-compli
ance orders, fines or arrest warrants. American envi
ronmental laws are enforced more rigorously as 
evidenced by the Iroquois pipeline case.

Iroquois is a 600 km natural gas pipeline built in 
1991 from Iroquois, Ontario to New York City. Follow
ing a four-year criminal investigation by the U.S. Attor
ney's Office, the company pleaded guilty to four felony 
violations of the Clean Water Act and will pay $18 mil
lion in fines (Waldie 1996). Iroquois must also clean up 
30 wetlands not fully restored after construction and 
monitor the pipeline for 10 years to ensure there are no 
safety problems. The company also admitted it failed 
to install numerous trench breakers and backfilled the 
trench with rocks greater than 46 cm in diameter. Iro
quois also agreed to pay $4 million to settle allegations 
that the company broke New York State environmental 
and safety regulations. Two company officials also 
pleaded guilty to three felony violations and faced a 
maximum penalty of a year in jail and up to $100,000 in 
fines. However, both will receive six months of home 
confinement and help U.S. prosecutors convict other 
violators. Other notable American cases include the 
$1 billion settlement for the Exxon Valdez oil spill, and 
a $36 million settlement in fines and damages agreed to 
by a pipeline company resulting from destruction of 
numerous archaeological sites in Alabama. Such fines 
are unheard of in Canada, but may start to show up if 
ENGO's continue to pursue weaknesses in Canadian 
regulatory enforcement.

Agency reimbursement
Cost recovery is an accepted form of agency reimburse
ment for handling pipeline applications in the U.S. and 
is being considered by the Canadian Environmental
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Assessment Agency as well. FERC's Third Party EIS 
procedures are a good example (FERC 1994a). How
ever, regulatory agencies in California and other states 
increasingly understand that pipeline companies re
quire fast-track approvals to compete in the economic 
marketplace. The agencies also understand that com
panies are anxious to avoid prosecutions and fines as 
described in the previous section. Using whatever per
mit, approval or referral legally available, there is a 
growing trend for some agencies to actively solicit and 
accept money and/or equipment from applicants in 
exchange for expediting the approval process. For ex
ample, Express Pipeline Inc. agreed to pay the State of 
Wyoming up to $20 million for 16 km (10 miles) of 
right of way across state lands provided the pipeline 
could still be built in 1996. The applicant stated that this 
payment was in no way an admission that the Express 
Pipeline would cause an adverse economic impact on 
the state, but that it was "in recognition of the economic 
impact to Express if the project is delayed" (Barron 
1996).

Many state agencies have had their budgets slashed 
dramatically and are scrambling to keep their key staff 
and programs in place. On a recent California pipeline, 
the pipeline company funded agency staff positions, 
vehicles, computers and other necessities totaling more 
than $200,000 in exchange for the agency's cooperation 
in meeting the applicant's tight permitting schedule. 
The same agency also required the applicant to spend 
hundreds of thousands of dollars on off-site land pur
chases as compensation for loss of habitat on the 
right of way. The cynic would observe that this practice 
goes beyond the principle of cost recovery, and that a 
sophisticated form of graft or extortion has evolved remi
niscent of business dealings in some third world coun
tries. This practice is much less prevalent in Canada, 
even though most provincial and federal agencies in Can
ada have also suffered extensive budgetary cutbacks. 
Companies and agencies would be well advised to avoid 
this practice because it creates an awkward situation and 
could lead to poor management decisions.

CONCLUSIONS

There is a high degree of environmental protection 
achieved on pipeline projects in both Canada and the 
U.S. The U.S. regulatory process is longer and more 
expensive than Canada's, although this gap is closing 
quickly since some confusion and uncertainty remains 
following the recently passed Canadian Environmental 
Assessment Act. Environmental permitting in both 
countries is the critical time element for project man
agement. Many mitigation measures in the U.S., and 
increasingly in Canada, represent a situation of dimin
ishing returns; i.e., the limit of real environmental pro
tection has already been reached and any more 
expenditure of effort and money realizes no net envi

ronmental gain. Nevertheless, the expectation of some 
agencies and ENGOs is for ever-increasing study and 
mitigation for each application.

Pipeline practitioners from each country can learn 
valuable lessons from each other. Canadians can im
prove in the areas of: institutionally integrating the 
principle of environmental impact assessment in pipe
line permitting; endangered species protection; better 
wetland protection; and compliance enforcement. 
Laws and regulations which governments do not in
tend to enforce should be removed. Americans can 
improve in the areas of: topsoil conservation; prag
matic approaches to effecting real (as opposed to per
ceived) environmental mitigation during construction; 
and following Canada's lead of hiring more Environ
mental Inspectors than environmental lawyers.
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Address Environmental Concerns
with Real Data

Logan A. Norris

Many environmental concerns about rights-of-way (ROW) siting, construction and management 
can be addressed most effectively with scientific data from field- and laboratory-based research and 
monitoring programs. The most useful data will come from efforts developed by well qualified 
individuals using a detailed plan of work, including careful documentation, and that includes 
critical peer review of the results. The interests of the public and of the entities managing ROW will 
be served best by an increase in organized research and monitoring efforts. The basic tenet of this 
paper is that having sound technical knowledge (including data) about ROW programs will help 
you address the environmental issues and concerns that involve ROW siting, construction and 
management. Examples from research and from the practice of rights-of-way management are 
used to illustrate this point.

Keywords: Rights-of-way, monitoring, water quality, buffer strips

INTRODUCTION

Well designed and carefully managed rights-of-way 
(ROW) are essential in providing safe and reliable serv
ice to customers. There are, however, many concerns 
about ROW siting, construction and maintenance; 
some examples include aesthetics, effects on soil, water 
and wildlife habitat, effects from the use of herbicides, 
and the effect of electrical and magnetic fields (EMF) on 
human health. The reasons these are of concern range 
from a lack of agreement in society about basic values 
to misinformation and fear of the unknown.

Sound decision making for purposes of policy, regu
lation, management, and even public education re
quires knowledge about these kinds of issues. Some of 
these concerns are able to be better addressed with data 
than others. While data may not help in discussions 
about values, data are very relevant in helping address 
technical issues. Even a concern about aesthetics can be 
evaluated with quantitative techniques, especially 
when dealing with human preferences. Some quite in
novative image capture technology for visually dis
playing alternatives is available today, and it can be 
used for evaluating (and explaining) ROW develop
ment and management alternatives (Sheppard 1989; 
Johnson, Brunson, and Kimura 1994).

Failure to adequately address technical issues with 
real-world data has significant consequences, includ
ing the following:
-  increased difficulty in reaching agreements, either 

those that are voluntary and lead to helpful collabo
rative arrangements, or those mandated for regula
tory purposes;

-  more frequent legal actions that stop or slow the 
process, resulting in increased costs, lost productiv
ity and often no net-gain in benefit to anyone;

-  increased difficulty in general public relations, 
sometimes manifested in unnecessarily contentious 
hearings on setting service rate schedules;

-  increased regulatory control, with its attendant in
creased operational costs, lack of flexibility and 
often poor level of cost/benefit; and

-  more suits for damages, a lack of data can seriously 
impair the ability to respond to allegations of dam
age. Hard data can be useful in verifying what was 
done, and they can show the responsible nature of 
the enterprise. In many instances, hard data can 
directly address the charges.

The basic tenet of this paper is that having sound tech
nical knowledge (including data) about ROW pro
grams will help address the environmental issues and 
concerns that involve ROW siting, construction, and
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management. Knowledge is more than just data, but 
data play a crucial role. Having knowledge means not 
assuming or guessing; you can know. The strength and 
extent of the data increases the certainty with which 
you know.
-  Without data, you can only think something is so.
-  With data, you can test it, determine whether it is or

is not, and then show others.
The author's basic argument is illustrated by the 
Greenlane Project installed by Bill Bramble and Dick 
Burns nearly 45 years ago on an electric utility ROW in 
Pennsylvania (Bramble and Bums 1983). In this simple 
experiment they installed large plots where different 
applications of chemical and non-chemical methods of 
controlling the tall-growing vegetation were applied 
over time. The responses of the vegetation and of the 
wildlife have been followed nearly continuously, since 
the mid 1950s. The results provide real-world data of 
the positive effects on wildlife habitat on a ROW from 
vegetation management strategies that include herbi
cides. It is perhaps the most widely cited study of its 
type in this industry, and it has provided invaluable 
data to help deal with regulatory, policy, and manage
ment questions, as well as the concerns of the public. 
An organized research plan and a carefully conducted 
data collection strategy were essential to the success of 
this effort.

In this paper, the importance of organized data col
lection as part of the effort to improve decision making is 
emphasized. An example from research and an example 
from management or practice illustrate key concepts.

Monitoring
Monitoring verifies or tests outcomes. Monitoring is of 
three types: compliance, effectiveness, and impact.

Compliance monitoring is used to verify that, or 
how, something was done. It is the vehicle by which we 
check to be sure something was done the way it was 
intended to be done.

Effectiveness monitoring focuses on the effective
ness of a treatment or strategy, verifying the efficacy 
and efficiency with which a management goal is at
tained. Compliance and effects monitoring are often 
designed by ROW managers and staff and are carried 
out by the operational branch of the organization man
aging the ROW.

Impact monitoring focuses on the effects of manage
ment actions on associated values, which are often 
environmental in nature, such as measuring the effects 
of a practice on water quality or wildlife abundance. 
Impact monitoring often is designed and carried out by 
discipline specialists who may be in or external to the 
management organization.

Most of the monitoring done in ROW management 
is for purposes of compliance or effectiveness. Much 
less focus is on measuring impacts, and this is the area 
in which ROW managers can make the greatest gains 
in their level of knowledge relevant to environmental 
concerns about ROW siting, construction, and manage
ment.

An example from research and an example from the 
practice of ROW management will illustrate these 
ideas.

DATA COLLECTION IN THE MANAGEMENT OF ROW AN EXAMPLE FROM RESEARCH

Date collection is not foreign to ROW managers. Data 
frequently are collected on such matters as accident 
rates, return frequency for tree-trimming, stem density 
and height of vegetation on ROW, and maintenance 
cost per ROW-mile. These data, however, are primarily 
for management from a business standpoint. They do 
not relate particularly to environmental concerns. Data 
also can help address environmental concerns, but 
only if it is collected in an organized, technically sound 
and credible way. Research and monitoring are the two 
areas in which organized data collection can be helpful 
in meeting the needs of the ROW industry.

Research
Research is one of the processes where new knowledge 
is generated. It is the scientific process by which hy
potheses are tested or specific information needed to 
solve a problem is generated. It is where we learn 
something new! Research is most often done by re
search or specialty organizations, using technical spe
cialists in the discipline for design and conduct of the 
work.

Environmental Consultants, Inc. (ECI) carried out a 
research project to determine the effectiveness of buffer 
zones in protecting water quality in connection with 
the use of herbicides. This project was motivated by the 
ROW managers' need to know how to effectively de
sign buffers strips that allowed greatest operational 
flexibility, but which still ensured protection of water 
quality. The public wanted to know if the buffers being 
used were working, and the New York Public Service 
Commission agency required the industry to verify (by 
monitoring) that the buffers were achieving protection 
of water quality goals. This project was funded by the 
Empire State Electric Energy Research Corp. and was 
conducted in cooperation with New York State Electric 
and Gas Corp. and Niagara Mohawk Corp. This effort 
is reported in more detail by Norris and Charlton 
(1995).

While the effort had several parts, the key research 
component concerned determining the effects of buffer 
strips of varying width and vegetation density on 
spray deposition in the buffer zone. The goal was to 
answer the question, how wide must a buffer be to 
protect water quality? Regulators wanted to be sure
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Fig. 1. Schematic of a treatment area on a right-of-way, with a buffer zone and string arrays downwind and perpendicular to 
the edge of the treatment area. There was a single string array of approximately 185 m in length at 0, 3, 7.6,15.25, 22.9 and 30 m 

from the edge of the treatment area into the buffer zone (Norris and Charlton 1995).

water quality was being protected, as did ROW man
agers, but managers also wanted to know if buffers 
could be narrower, and therefore less restrictive on 
operations while still achieving the fundamental goal 
of protecting water quality.

In this study, string was used to collect spray drift 
and deposition. Figure 1 shows one installation, where 
185 m of string were arrayed (downwind) at six dis
tances from the edge of the treated area location. The 
185 meters of string provided a one-sided longitudinal 
surface area of about 1628 cm^ or the same surface area 
represented by seven 15.25 x 15.25 cm spray cards.

Vegetation density at test sites and their adjacent 
buffer area were placed in categories of light (< 1,500 
stems per acre), medium (1,500-3,000 stems per acre) 
and heavy (> 3,000 stems per acre). Each site was 
treated three times by a high volume foliar method, 
and then three more times by a low volume basal 
method. In each case, the spray mix was the same as is 
normally used, except it contained a dye rather than an 
active herbicide ingredient. Application was made by 
an experienced contractor spray crew using their nor
mal procedure. The string was collected for analysis of 
the spray deposit after each application.

An example of the data from this study is shown in 
Fig. 2. The results are expressed as micrograms of her
bicide deposited per square foot at each distance from 
the edge of the treatment area into the buffer zone. This 
diagram shows a marked decrease in deposition with 
distance from the edge of the treatment zone. By know
ing the deposition on a surface area basis, it is possible 
to calculate the equivalent concentration in water, if 
there had been a water body at that location. Figure 2 
has three horizontal lines in the body of the diagram 
that show the concentration of herbicide that would

Fig. 2. Calculated deposition of herbicide in the buffer zone 
following two methods of herbicide application (Norris and 
Charlton 1995). The concentrations of herbicide (mg T̂ ) in 
water 0.15 m deep resulting from specific levels of deposition are 
shown by the horizontal dashed lines. Note: The 0.03 mg 1 ' 
concentration is the lowest concentration criterion in Table 1 for 
the protection of human health and populations of commonly 

abundant aquatic organisms.

occur in water 0.15 m deep, if deposition occurred at 
the level shown on the vertical axis.

From these data, and knowing the water quality 
criterion to be met, it is possible to establish the width
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of the buffer needed to achieve a specific water quality 
goal. For instance using the data in Fig. 2, if the water 
quality goal was not to exceed a maximum of 0.005 
milligram of herbicide per liter (ppm) of water, a buffer 
strip of 3.67 m (12 feet) would meet the goal. To allow 
for uncertainty, a buffer of 7.6 m (25 ft) would provide 
a significant margin of safety in meeting this water 
quality criterion.

The results of this test, conducted imder operational 
conditions on an electric utility ROW have provided a 
quantitative basis for selecting operational buffer 
widths in other areas. For instance, the results from this 
study are the basis on which the buffer width strategy 
has been established for an Environmental Impact 
Statement (EIS) for vegetation management on electric 
utility ROW on the Allegheny National Forest (USDA 
Forest Service 1997). When combined with an opera
tional monitoring program to verify the adequacy of 
these buffer widths, managers, the regulatory author
ity, and the public will develop a high degree of confi
dence that water quality goals are being met.

Table 1. Water Quality Criteria^

Herbicide and commercial 
product

Water quality 
criterion^
(mg 1- 1)

Picloram (as Tordon® K) 0.07
Fosamine ammonium (as Krenite®) 1 . 0

Glyphosate (as Accord®) 0.7
Triclopyr (as Garlon® 3 A) 0.5
Triclopyr (as Garlon® 4) 0.03
Imazapyr (as Arsenal®) 5.0
Metsulfuron methyl (as Escort®) 6.9-'*

 ̂from Norris and Charlton 1995, USDA Forest Service 1997.
 ̂ 1 mg r ’ is 1 part per million. These criterion will provide 

protection of human health and populations of commonly abun
dant aquatic organisms.
 ̂A water quality criterion for metsulfuron methyl was not in

cluded in Norris and Charlton (1995), but the same procedure 
was used to calculate the water quality criterion for metsulfuron 
methyl here. In this case, it is based on 0 . 0 1  x lowest reported 
NOEL, a 55 kg body weight, and 2 liter per day water consump
tion by a human (USDA Forest Service 1997).

AN EXAMPLE FROM PRACTICE

The water quality monitoring plan developed by ECI 
for the Allegheny National Forest EIS is an example 
from practice. It provides a strategy by which Allegh
eny Power Co. and GPU Energy, cooperatively with 
the Allegheny National Forest, will verify that the buff
er strategies are protecting water quality on the Allegh
eny National Forest. The monitoring plan has three 
components.

Component 1. Water quality criteria
A monitoring program to verify protection of water 
quality requires criteria against which the program can 
be judged. Protecting water quality in this case means 
not introducing herbicides into water at levels that are 
harmful to the health of humans and other mammals 
that use the water, or to aquatic species.

It would be most helpful if there were established 
regulatory water quality standards, but these exist for 
few herbicides. The risk assessment strategy, however, 
by which such standards are set is well founded in 
science, relying on the established base of toxicological 
information for the chemical and exposure scenarios 
appropriate to the situation. For this program, we have 
used the term water quality criteria, rather than water 
quality standard, since the latter term has a regulatory 
connotation that does not exist in this case.

Based on the data displayed in the EIS (USDA Forest 
Service 1997) and the water quality criteria in Norris 
and Charlton (1995), water quality criteria were identi
fied that will protect human health and populations of 
common aquatic species (Table 1). Each chemical has 
its own specific criterion, reflecting the differences in 
their inherent toxicity. In some cases the criterion is

based on the response of aquatic species because these 
are the most sensitive; but in others, the criterion is 
based on the sensitivity of mammalian species. The 
criterion for each chemical is determined by the re
sponse of the most sensitive type of organism. The 
values in Table 1 provide a margin of safety of at least 
100 for mammals (including humans) and does not 
exceed 0.1 times the lowest reported median tolerance 
limit for aquatic species. It is the lowest of these two 
values that are used in Table 1.

Component 2. Monitoring for herbicides in water
This portion of the plan describes the process by which 
a direct measure of water quality is obtained. It relies 
on collection of water samples by automatic sampling 
equipment and the chemical analysis of a sub-set of the 
samples or their composites collected in this manner.

The key components of this portion of the plan in
clude the following:
-  identification of laboratories capable of the specific 

analyses and coordination with them concerning 
sample size, containers for the samples, and their 
storage and handling to ensure reliable results;

-  the basis for specific site selection, including the 
location of samplers;

-  sampling schedule, including pre- and post-treat
ment samples, and samples collected in connection 
with the first rainstorms after herbicide application;

-  precautions to prevent sample contamination which 
would result in inaccurate estimates of water con
tamination; and

-  methodology for data analysis and reporting.
This segment of the plan provides managers with spe
cific quantitative data on the level of herbicides in 
water at several locations. The monitoring effort is
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focused on the period shortly after application and after 
the first rainstorm when experience at other locations has 
indicated herbicides are most likely to occur in the water. 
Further, through a system of sample compositing, the 
cost of chemical analyses is greatly reduced, but the flexi
bility for more detailed analysis is retained.

The results from this effort will provide managers 
with quantitative data with which they can determine 
if the buffer strip strategy is achieving the water quality 
protection goal. If it is, they can proceed with confi
dence, and those interested in (or critical of) their pro
grams will become more confident of their ability to 
manage rights-of-way without adverse environmental 
impact. If the monitoring shows the strategy to be 
inadequate, managers have a basis for adjustment and 
a baseline against which they can measure progress 
towards the goal.

Component 3. Detecting herbicides in the buffer 
zone
This is an indirect measure of the effectiveness of buffer 
strips in protecting water quality. It rests on two as
sumptions as follows:
-  the presence of herbicides in the buffer zone will be 

evident from herbicide damage to vegetation in the 
zone; and

-  a lack of evidence of herbicide damage to vegetation 
close to the body of water is evidence that the buffer 
zone was successful in preventing entry to the 
water.
This indirect measure was developed by Rufin Van- 

Bossuyt, Jr. (Board of Governors, Environmental Con
sultants, Inc., Southampton, PA) to complement, not 
replace, the direct measurement of herbicide residues 
in the water. Water quality monitoring can be expen
sive, and therefore can not be used extensively in most 
instances. However, a trained observer can quickly 
survey buffer zones for herbicide damage to vegetation, 
and, at relatively low cost compared to chemical analysis 
of water, verify the effectiveness of the buffer zone.

This element of the monitoring plan provides specific 
direction for site selection based on random selection of 
buffers to be surveyed, the procedures for plot selection 
and how to conduct the visual survey at each point, and 
the procedures for data analysis and reporting.

An important aspect of this strategy is familiariza
tion of the observer with herbicide effects on vegeta
tion. This can be accomplished by study of vegetation 
in and near the treatment area. Precautions to not rep
resent insect or disease damage as herbicide damage 
are important.

The combination of the water quality monitoring 
done at a few locations and the more extensive survey 
of herbicide damage to buffer zone vegetation will pro
vide managers of ROW on the Allegheny National Forest 
with a powerful tool. It will improve management deci
sions and win provide a basis for increasing the confi
dence of the public in the operations of these ROW.

ELEMENTS IN A STRONG DATA COLLECTION 
PROGRAM

There are a number of elements common to successful 
scientific data collection programs. These are not 
mysterious at all, being in essence a restatement of 
the steps of the scientific process, couched in terms 
relevant to the thrust of this paper. These elements are 
described below, with examples developed earlier for 
research and the example for practice used to illustrate 
the element

Describe the problem
This step is crucial to success. Identification of the prob
lem to be solved by this effort will help ensure that the 
process used is relevant to the question. In terms of the 
research examples used earlier, the problem was un
certainty about the effectiveness of buffers of various 
widths and how this might be influenced by vegetation 
density. In the problem from practice discussed earlier, 
the problem was to verify that the buffer zone strategy 
was achieving protection of water quality.

Establish the specific question to be answered 
In research and as well in practice, this is the statement 
of the hypothesis, i.e., what is believed to be true. In the 
research example, the specific question was to establish 
the relationship between spray deposition and distance 
from the treatment zone, as influenced by treatment 
methods and vegetation density. In the example from 
practice, the specific question was, did the buffer zone 
strategy prevent herbicide from entering the stream in 
amounts that exceeded the water quality criterion for 
that chemical?

Determine the specific data needed to answer the question 
It is very important to not take this step until the first 
two steps have been completed. There are far too many 
examples where decisions about data collection are 
made before decisions about the specific question have 
been established. In the research example, the specific 
data needed are a measure of herbicide deposition on 
an area basis, with these data being collected at differ
ent distances from the treatment area, etc. In the exam
ple from practice, the specific data needed are the 
concentration of herbicide in water at various times 
after the application, including after the first rainstorm.

Establish the methods
This is the step in which the specific procedures for 
data collection are established. It is crucial to the suc
cess of the effort. Inadequate methods will doom the 
entire effort to failure. In the research example, we used 
a dye to represent the herbicide, and by adding known 
amounts of it to the test spray mix, we were able to 
calculate the amovmt of herbicide represented by specific 
amounts of the dye. In the example from practice, the 
plan specifies the use of an automatic water sampler to
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collect individual samples in a predetermined sched
ule, with individual samples being selected for analy
sis. By compositing samples and by retaining the 
samples not submitted for analysis, it is possible to 
collect additional data if warranted. This is an impor
tant strategy in minimizing the cost of this effort.

Develop the data analysis framework, and the basis for  
interpretation
This is specifying how the data will be analyzed and 
interpreted. In the research example, the dye deposi
tion was converted to equivalent amounts of herbicide 
based on the amount of herbicide represenfed by a 
given unit of dye. Then a regression analysis was used 
to establish the relationship among the variables. In the 
example from pracfice, fhe concentration of herbicide 
reported m water samples was compared to the water 
quality criterion for fhe specific chemical, and if fhe 
criterion was not exceeded, the buffer was determined 
to be achieving the water quality protection goal.

Document what was done, and what was found 
This is the reporting process. Development of a report 
with enough detail to remove uncertainty about what 
was done and what was found is essenfial. Inevitably, 
you or others will want to revisit this matter, and lack 
of detail in reporting is certain to lead to uncertainty 
and confusion abouf whaf was done. Reporting in re
search and in practice is most likely to involve a techni
cal report. In research it should be followed as well by 
a publication in an appropriate technical outlet.

Publishing the results is important if this is possible 
Whether in research or practice, a publication of the 
effort in a peer reviewed, refereed ouflet will increase 
the credibility of the effort, and equally important, 
increase the likelihood that it will be effectively ar
chived where others can locate it in the future. Unpub
lished, internal reports are seen by very few people and 
have a short shelf-life. The effort to this point in either 
research or practice usually has been significant. Usu
ally the results do not need to be proprietary, and the 
entire industry benefits by this sharing of information.

CONCLUSION

Knowledge is crucial to good decisions. Programs of 
research and monitoring that produce relevant data are

crucial to the development of beffer bases of knowl
edge. Having fhe dafa removes uncertainty, increases 
the likelihood of acceptance of fhe conclusions and will 
increase fhe qualify of decisions relafing fo fhe siting, 
construction and management of rights-of-way.

Among reasonable people, data leads to better deci
sions. Even among unreasonable people, having the 
data greatly improves the chances of rational decisions.
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Preparing Implementation Plans for Federal
Projects

Patricia Patterson and David F. Jenkins

A standard environmental condition attached to many certificates or permits from Federal agencies 
requires that an Implementation Plan be submitted to the regulatory agency. The Implementation 
Plan defines how and when the company will meet the environmental conditions of the certificate 
or permit. The Implementation Plan may be an important requirement for acquiring clearance from 
the agency to proceed with project construction. The level of detail and format of the Implementa
tion Plan, as well as the com pany's internal scheduling considerations, will all influence the 
usefulness of the Implementation Plan for agency staff. This paper discusses factors affecting the 
development of an Implementation Plan and the type of information and level of detail to be 
included in a good Implementation Plan.

Keywords: Certificate, construction scheduling, environmental conditions. Implementation Plan, 
National Environmental Policy Act (NEPA), permit

INTRODUCTION

The National Environmental Policy Act (NEPA) (US 
Government 1970a) requires Federal agencies with the 
primary responsibility for the environmental review of 
projects to comply with a stringent review process to 
assess potential environmental impacts (US Govern
ment 1970b). This review process can take well over 12 
months (Council on Environmental Quality 1981) and 
can involve a multitude of parties, including Federal 
and state agencies, the company proposing the project 
(the company), and the various consultants, construc
tion contractors, and affected landowners.

To accommodate the many variables associated 
with concurrent review of a proposed project, many 
agencies use a phased analysis and approval process to 
complete environmental review of a project. This has 
evolved into a procedure whereby the regulatory 
agency completes its analysis for the environmental 
document based on available information. The agency 
then places environmental conditions on the certificate 
or permit issued to the company. These envirorrmental 
conditions require the company to implement certain 
mitigation activities and to provide additional infor
mation that was impractical or impossible for the com
pany to provide as part of its original application. In

theory, all data should have been available to the re
viewing agency during the preparation of the environ
mental documents so the agency can meet its NEPA 
obligations. However, the company may have been 
unable to provide certain information, such as the re
sults of field survey on a linear project (e.g., a pipeline 
project), if landowners would not grant the company 
right-of-entry onto their property to conduct the sur
veys. Therefore, the certificate or permit can include 
the environmental condition that the company conduct 
and/or complete the required surveys.

Typically, the environmental conditions will require 
that the company submit this additional information to 
the agency as a pre-construction filing (i.e., before the 
initiation of construction) and carry out certain mitiga
tion activities during construction, restoration, and op
eration of the project to mitigate environmental impact. 
A mechanism used by regulatory agencies to evaluate 
if the company imderstands what information is re
quired for the pre-construction filing of materials re
lated to the environmental conditions and if the 
company understands the requirements for complying 
with mitigation measures included in or required by 
the certificate is to require the company to submit an 
Implementation Plan defining how the company will 
meet or comply with the environmental conditions.
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An Implementation Plan, as discussed herein, is a 
document that defines how and when environmental 
conditions will be met and implemented before, during, 
and after construction. The Implementation Plan as de
scribed is basically a scope of work for complying with 
the environmental conditions of the certificate or permit.

A general format for an Implementation Plan is sug
gested below and addresses the typical concerns of 
many regulatory agencies. While different regulatory 
agencies may have different expectations, the follow
ing format provides information that is typically re
quired by agencies for their review of post-certificate 
pre-construction filings.

OBJECTIVES OF AN IMPLEMENTATION PLAN

It is important to understand what the agency staff 
expects from the Implementation Plan and how 
authorization to initiate construction (also known as 
construction clearance) will be provided, if required. In 
some cases, the agency may require that all environ
mental conditions be met for the entire project before 
any construction on the project can begin. In other cases 
(especially large linear projects, such as pipelines), the 
agency may authorize construction of segments of the 
project as pre-construction filing requirements are 
completed. In either case, it is often useful to consult 
with agency staff to determine if any specific format is 
required or recommended for a particular project. 
Agency staff may have established agency procedures 
that need to be met or preferences on how information 
is submitted to facilitate review.

However, in most instances, agency staff relies on 
the company to define the contents of the Implementa
tion Plan. It is therefore important for the company to 
provide an Implementation Plan that clearly and suc
cinctly addresses the environmental conditions of the 
certificate or permit and indicates when pre-construc
tion submittals will occur. Many construction delays 
associated with delayed construction approvals from 
Federal agencies are the result of incomplete or late 
pre-construction filings from the company. This, in turn, 
may result in inadequate time for agency staff review 
before a required (or desired) construction start date.

Generally, the environmental conditions will re
quire that the Implementation Plan is submitted 
shortly after issuance of the certificate or permit. The 
environmental conditions will sometimes require that 
a company describe how it will comply with the envi
ronmental conditions, when it will provide remaining 
information or final construction plans, and when con
struction will begin and end.

The Implementation Plan can result in several bene
fits. The development of the Implementation Plan re
quires that the company define the approach and 
institute the procedures that are needed to comply with 
the environmental conditions of the certificate or per
mit. The Implementation Plan, once submitted, allows

the agency to plan for the allocation of sufficient staff 
or other resources to review and respond to pre-con
struction filings, issue construction clearance if neces
sary, and schedule construction inspections as needed 
to ensure full compliance with the agency's NEPA re
sponsibilities. By providing the agency with the details 
of when information will be submitted and how activi
ties will be carried out, the agency may be able to better 
schedule its resources, resulting in expeditious review 
and an on-time start of construction.

CONTENTS OF AN IMPLEMENTATION PLAN

An Implementation Plan should provide a clear indica
tion that the company fully understands the environ
mental conditions of the certificate or permit. It should 
provide enough information to assure the regulatory 
agency that its responsibilities under NEPA will be met 
with the pre-construction filing(s) and that the com
pany will comply with the environmental conditions of 
the certificate or permit. An Implementation Plan 
should also provide a realistic schedule of when the 
pre-construction filing(s) will be submitted to the 
agency, when the company wishes the construction to 
begin, and how construction, restoration, and opera
tion activities will comply with the environmental con
ditions of the certificate or permit.

Although any format could be used, the simplest 
format is to list and respond to each environmental 
condition. Providing the following information is im
portant to making the Implementation Plan complete.
-  Provide a concise description of how each environ

mental condition will be met. This includes the type 
of information that will be provided to the agency in 
pre-construction filings, how any outstanding stud
ies will be conducted, what consultations will be 
undertaken, etc. As noted above, the Implementa
tion Plan is essentially a scope of work for meeting 
the environmental conditions of the certificate or 
permit.

-  Indicate when the outstanding pre-construction infor
mation will be submitted to the agency. This informa
tion may also be summarized in a table that identifies 
each environmental condition and the date when the 
material addressing each environmental condition 
will be or was submitted to the agency.

-  Provide a detailed schedule showing the planned 
initiation of the major construction activities, such as 
clearing, grading, installation, cleanup, and restora
tion, for each project component (e.g., construction 
spread or facility).

OTHER CONSIDERATIONS

The complexity and detail of an Implementation Plan 
is often affected by the size of the project, when con
struction will occur, and environmental conditions that 
can alternatively apply to the entire project or only to



Preparing implementation plans for Federal projects 221

site-specific situations. Obviously, more effort would be 
required for a large project with a certificate or permit 
involving multiple environmental conditions. In addi
tion, general and site-specific environmental conditions 
can often require additional consultation with or approv
als from other agencies or land managers, the completion 
of additional environmental studies, or the preparation of 
detailed construction or restoration plans.

For example, a certificate or permit for a project may 
include numerous separate environmental conditions, 
some of which apply to the entire project and others 
that apply only to specific locations. Individual envi
ronmental conditions may also require the submittal of 
site-specific plans or the completion of environmental 
surveys (such as cultural resources or endangered and 
threatened species surveys) and agency approval of 
these plans and surveys before construction can begin. 
In addition, the certificate or permit may require the 
submittal of the Implementation Plan and the addi
tional information before the agency grants final clear
ance to the company to construct the project.

If the project (or certain project components) will be 
constructed several months (or years) in the future, but 
the Implementation Plan must be submitted to the 
agency soon after issuance of the certificate or permit, 
the Implementation Plan would typically address the 
general environmental conditions, establish the sched
ule for the planned submittal of the additional remain
ing information, and define the anticipated schedule 
for project construction. When construction is finally 
imminent and construction clearance is required for 
this same project, it is advisable to consult with the 
agency staff to determine the best method of requesting 
construction clearance.

In cases where project construction is phased over 
time or in multiple construction spreads, it may benefit 
the company to prepare an updated Implementation 
Plan for those facilities that will be constructed at a later 
time which: 1) restates the responses to the general 
environmental conditions submitted previously (or the 
dates when this information was filed and when 
agency clearance was granted, if applicable), and 2) 
incorporates any additional site-specific information. If 
changes have been made to the original Implementa
tion Plan, these changes may be summarized in a table 
or otherwise highlighted in the text for easy review and 
verification by agency staff.

Although agency staff may not require more than 
one Implementations Plan (one immediately following 
issuance of the certificate or permit and one [or more] 
immediately before facility construction of other faciH- 
ties), submittal (or resubmittal) of all relevant informa
tion regarding the environmental condition at the time 
that construction clearance is desired can expedite 
agency review since all pertinent information is avail
able in one place at one time. This is particularly impor
tant where project construction is phased in segments 
over a period of time, as discussed above, or in a num

ber of construction spreads. The main benefit is that it 
allows agency staff to focus on construction clearance 
rather than assembling and verifying information sub
mitted over a period of time to determine if all pre-con
struction conditions have been met.

Finally, it is crucial to allow agency staff adequate 
time for review of the Implementation Plan, particu
larly if it is a component of the company's request for 
clearance to begin construction. It is also advantageous 
for the company to file the information with the agency 
as originally scheduled in the Implementation Plan so 
that agency staff are available for necessary review.

SUMMARY

A good Implementation Plan can serve several pur
poses. First and foremost, it can assist the company in 
devising a strategy and a schedule for complying with 
the environmental conditions of a certificate or permit. 
Second, it assures agency staff that the environmental 
conditions will be met and allows the agency to sched
ule staff resources for any additional review of the 
project or its components. An Implementation Plan 
that is concise and complete can expedite agency re
view, if construction clearance is required by the 
agency before the company can begin construction.
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An Ounce of Prevention: Environmental 
Training for Linear Projects

Daniel C. Pearson and Richard D. Williams

Today's regulatory climate along with the ever increasing number of environmental sensitivities 
makes environmental training an important component of any successful construction project. This 
is especially true for construction of linear right-of-way projects which tend to traverse long 
distances and may encounter large numbers of sensitive resources. Use of environmental training 
for operation and maintenance activities is also becoming a necessary component of a com pany's 
training regimen as agencies and the public are becoming increasingly concerned about sensitive 
environmental resources. A successful environmental training program can avoid project delays, 
civil or criminal fines and penalties and can be used to demonstrate corporate environmental 
responsibility. Avoiding impacts to sensitive resources can generally be successfully avoided with 
a well-designed and executed environmental training program.

Keywords: Environmental training, environmental impact, sensitive resources, rights-of-way, linear 
facilities, construction, environmental laws, environmental awareness, environmental compliance

INTRODUCTION

Environmental training of construction personnel has be
come increasingly important to the successful permitting 
and construchon of linear rights-of-way projects. There 
are three primary reasons why comprehensive environ
mental training is important: (1) increasing numbers of 
sensitive and legally-protected environmental re
sources; (2) increased regulatory and public scrutiny of 
activities that may adversely affect these resources; and 
(3) the extensive area traversed by most linear rights- 
of-way, which increases the potential of encountering 
a sensitive resource. Additionally, there is increasing 
concern for the effects of operating and maintaining 
linear facilities on sensitive resources, particularly for 
those that acquired legal protection (e.g., a species be
ing added to the federal list of endangered species) 
after a project has been permitted and constructed.

Resource protection issues
The number of sensitive and legally-protected environ
mental resources that project proponents must address 
continues to grow. For example, nearly 1,000 plant and 
animal species have been placed on the list of threat
ened and endangered species under provisions of the

federal Endangered Species Act of 1973, as amended 
(ESA) (Thelander 1994). Many individual states also 
provide additional legal protection for plants and ani
mals through various laws and regulations. For exam
ple, the state of California, with arguably some of the 
most stringent environmental laws among the fifty 
states, provides protection to over 300 species under 
provisions of the California Endangered Species Act 
(California Natural Diversity Data Base 1996), state 
legislation enacted in 1984 and comparable in many 
respects to the ESA (West's Codes 1995).

In addition to species that are already listed, there 
are a large number of "candidate" species that are 
under active consideration for addition to the federal 
and/or various state endangered species lists. How
ever, federal policy on candidate species was recently 
revised to invoke a more restrictive definition of what 
constitutes a candidate for listing under the ESA (De
partment of the Interior 1996). While this change in 
policy reduced the number of candidate species, the 
former candidates for listing are still considered to be 
sensitive and are often subject to considerable regula
tory and public scrutiny during the permitting process.

Many other sensitive resources receive legal protec
tion under a variety of federal and state laws. Among
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these, particular attention is often paid to the potential 
effects of linear projects on archaeological/cultural re
sources and the protection of wetlands and other sensi
tive habitats. Areas of archaeological significance (e.g.. 
Native American sites) are considered sensitive be
cause of their finite number and distribution, historical 
and scientific value, and their cultural and religious 
significance to many Native American people. Actions 
that may affect wetlands also receive significant scru
tiny because of their rapid decline in acreage and dis
tribution - it is estimated that 75% of the nation's 
historical wetlands have been lost, in California, 95% of 
historical wetlands have been lost (Thelander 1994) - 
their value in supporting diverse populations of plants 
and wildlife, their role in filtering toxic materials from 
water supplies, and many other intrinsic values.

Environmental regulation and compliance 
concerns
A variety of federal, state, and local environmental 
laws and regulations apply to the construction of linear 
facilities. Of the federal laws, the most frequently in
voked are probably the ESA, Federal Water Pollution 
Control Act (perhaps better known as the Clean Water 
Act -  P.L. 92-500), Migratory Bird Treaty Act of 1916 
(Convention for the Protection of Migratory Birds, 39 
Stat. 1702), Eagle Protection Act (P.L. 87-884), National 
Environmental Policy Act (P.L. 91-190) and National 
Historic Preservation Act of 1966 (P.L. 89-665). Viola
tions of these laws can result in substantial fines, often 
regardless of intent or prior knowledge of applicable 
regulations on the part of the individuals involved. For 
example, a violation of the ESA can result in civil and 
criminal penalties of up to $50,000 in fines and one year 
in prison for each violation. A knowing violation of 
Section 404 of the Clean Water Act, such as unauthor
ized disturbance to a wetland, could result in a fine of 
$25,000 per day, imprisonment of up to one year, and 
required remediation.

Companies conducting work regulated by a federal, 
state, or local permitting authority must be particularly 
concerned about adhering to project specific conditions 
and restrictions for the protection of sensitive environ
mental resources as defined by their permit. A com
pany not complying with the requirements of their 
permit risks costly delays in construction, substantial 
fines, criminal action, and potential loss of permits and 
licenses for the project. For example, the Federal Regu
latory Energy Commission (FERC) recommended a 
gas pipeline company be fined $37 million for disturb
ing archaeological sites during the construction of a 
pipeline (Engineering News Record 1991). Other in
stances where lack of environmental training has re
sulted in problems, a California electric utility is being 
sued for damage to archaeological resources resulting 
from access road maintenance in a state park; another 
California utility was required to buy habitat as a result 
of habitat lost as a result of the installation of a non

regulated transmission line; and, a state water author
ity was caught by the California Department of Fish 
and Game doing repair work to a state-operated water 
canal that resulted in loss of endangered species habi
tat. Most acts of non-compliance that result in un
authorized disturbance to a sensitive resource can be 
avoided.

Risk potential of linear projects
Linear rights-of-way can be divided into four primary 
categories based on the type of facilities they contain: (1) 
electric power lines and communication lines; (2) trans
portation systems (highways, railroads, mass-transit sys
tems); (3) pipelines (gas, liquids, slurry); and (4) open 
water conveyances (canals, irrigation ditches). The land 
dedicated to these rights-of-ways is extensive. One esti
mate from the late 1970s suggested that approximately 
13.8 million ha or nearly 2% of the land in the contermi
nous 48 states was already dedicated to linear rights-of- 
way (Asplundh Environmental Services 1978). The land 
area dedicated to these facilities has undoubtedly in
creased substantially since these earlier estimates.

Rights-of-way, by nature of their linear configura
tion, traverse substantial distances and thereby in
crease the risk of encountering one or more sensitive 
resources along their length. The fact that construction 
is often accomplished by multiple crews operating si
multaneously at scattered locations within or along a 
right-of-way increases the difficulty in ensuring full 
compliance with the environmental protection meas
ures mandated by the project permit requirements. A 
thorough environmental education program provided 
to every project worker is the best way to ensure that 
each individual understands his/her compliance re
sponsibilities and accountability within the context of 
the entire project.

APPLICABILITY, ACCOUNTABILITY AND COMPANY 
COMMITMENT

Who needs training?
Corporate officers typically bear ultimate responsibil
ity for the actions of their employees, particularly when 
culpability is reinforced by repeated offenses that dem
onstrate a blatant disregard for resource sensitivity. 
While they may not need the training themselves, cor
porate officers should be aware that training programs 
within the company exist and they must support their 
objectives. Compliance with certain laws (e.g., federal 
Migratory Bird Treaty Act) can also be the responsibil
ity of the individual field worker whose actions violate 
applicable statutes. As a result, the safest approach is to 
provide environmental training to all individuals with 
direct involvement on a project, from heavy equipment 
operators to construction foremen to on-site manage
ment. In a case exemplifying why this top to bottom 
training approach is best, operation and maintenance
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activities by an electric utility crew on an existing trans
mission line inadvertently removed the habitat of an 
endangered bird species in southern California, indi
viduals who authorized the work, not necessarily the 
individuals who performed the work, would have 
been subject to prosecution had the company not 
agreed to mitigating the lost habitat.

Which projects need environmental training?
Construction projects, especially those in known sensi
tive areas, should proceed only after a comprehensive 
environmental training program has been developed 
and presented to all project persoimel. The need for a 
training program and, in some cases, specific training 
requirements are clearly established by the permitting 
agencies within the final permits and licenses. Specific 
training requirements may include measures to control 
trash and litter, establish speed limits within construc
tion zones, work schedule constraints and restrictions 
on off-road travel. In addition to conditions mandated 
by established laws for resource protection or by a 
project license, training programs should incorporate 
additional safeguards that the company considers to be 
ecologically responsible and in the best interests of the 
environment and the company. Voluntary efforts to 
protect and enhance the environment can often pro
vide tremendous public relations benefits at little or no 
additional cost. Consistent demonstrations of "good 
faith efforts" by a company can pay dividends during 
future negotiations with permitting agencies or when 
an inadvertent act of non-compliance occurs.

Training for operation and maintenance activities 
can be as important (if not more so) as new construc
tion training. For example, a sensitive resource poten
tially affected by operation and maintenance activities 
may receive legal protection subsequent to the issuance 
of the project license. Company management and field 
personnel directly involved with operation and main
tenance activities may not be aware of the legal obliga
tions resulting from new legislation (e.g., the inclusion 
of a new species on the endangered species list). Al
though a company may feel less obligated to conduct 
environmental training for operation and maintenance 
activities that have been ongoing for a number of years 
with no apparent impact, the penalty for impacting a 
protected resource may be as severe as if incurred 
during construction of the project.

Workable performance standards
Measurable and quantifiable performance standards 
should be identified and monitored to document the 
success of a training program. These standards may be 
initiated by the permitting agency (e.g., a requirement 
for independent monitors to ensure compliance) or by the 
developer (e.g., performance clauses incorporated into 
construction contracts to protect a company from non- 
compliance by sub-contractors). In all cases, a company 
should retain thorough documentation of its training

program, including a procedure for tracking comple
tion of the training program by all project personnel.

Company commitment
A genuine company-wide commitment to training and 
responsible construction practices is the key to the suc
cess of a company's environmental protection pro
gram. This commitment can be initiated by the 
company's officers, or by lower level personnel with 
full endorsement by upper management. Regardless of 
where the coimnitment originates, support by the com
pany's top management is critical to the success of any 
program. The absence of upper level support is easily 
sensed by field personnel who will respond in-kind. 
Field personnel should be encouraged to treat environ
mental training as an integral part of their job rather 
than a unfortunate distraction.

DEVELOPING AN EFFECTIVE PROGRAM 

Topics to address
At a minimum, training must address the known sen
sitive and legally protected resources occurring within 
a project area. In some situations, it is appropriate and 
advisable to also include sensitive resources that have 
the potential to occur in the area, but whose presence 
has not been confirmed. This is especially important for 
operation and maintenance activities where only lim
ited pre-construction surveys were performed and/or 
the likelihood that a protected species or other sensitive 
resource occurs in the project area has increased since 
construction was completed (e.g., the new listing of a 
species that may occur in the area). Issues typically 
addressed in environmental training programs include:
(1) sensitive plants and animals, particularly threatened 
and endangered species, raptors and other nesting birds;
(2) sensitive habitats, including wetlands (e.g., streams, 
rivers, riparian zones, vernal pools), native grasslands 
and meadows; and, (3) cultural resources (i.e., histori
cal, pre-historical, and paleontological).

Medium selection
Selecting the proper medium for presenting the training 
program to the workers is dependent on a number of 
factors, including the type of project activity (i.e., new 
construction, operation, or maintenance activity) and 
training location (i.e., a remote construction site, field 
office, corporate office). For example, training at a con
struction site may entail a simple "tailboard" session with 
or without written materials and handouts, while office 
or classroom sessions allow for the use of a variety of 
written and audio-visual materials. The most successful 
programs combine the elements of both classroom and 
on-site training including videos, slides, and written ma
terials such as wallet cards, manuals, brochures, and post
ers. The advantages and disadvantages of each of these 
training elements are summarized in Table 1.
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Table 1. Advantages and disadvantages of various training media

Training medium Advantages Disadvantages

Training manuals Provides lasting reference source. Best suited for 
on-going training needs such as operation and 
maintenance activities. Can be readily updated 
if designed appropriately.

Can be costly and time-consuming to develop.

Wallet cards Provides ready reference source for field 
personnel. Compact, easy and inexpensive to 
prepare. Provides telephone numbers of immediate 
first contacts if problems develop or questions arise.

Lack of extensive information.

Brochures Provides summary of essential elements of training 
program.

Lacks sufficient detail to supplant training program.

Videos Can be used when numerous training sessions are 
required and time for trainers is constrained or 
limited. Provides greater opportunities to maintain 
interest of field personnel with interesting footage.

Can be costly to develop ($1,000-2,000/minute of 
finished product). May not provide for opportunity 
for question and answer exchange between trainer 
and field personnel. May not work in some field 
training situations. Difficult to update.

Slide presentation Provides for one-on-one interaction between 
trainer and field personnel, enhancing the 
opportunity for question and answer. Provides 
increased opportunity to maintain interest of field 
personnel with interesting footage.

Can be labor intensive if many training sessions are 
envisioned.

Posters Provides constant reminder to field personnel of 
their obligations and responsibilities. Can be 
relatively long-lived. Relatively inexpensive to 
produce.

Lack of interaction between personnel and trainer. 
May not be read by personnel.

Documentation
An important aspect of any training program, but par
ticularly new construction training, is a signed statement 
from projecf personnel fhat they have received the train
ing, they understand the information conveyed to 
them, and they agree to abide by the conditions and 
restrictions contained therein. In some cases, the threat 
of disciplinary action or even termination of employ
ment may be added to motivate compliance. These 
options, however, may be precluded when union em
ployees are protected from such actions by existing 
labor contracts. Nevertheless, requiring an employee's 
signature indicates that the company takes the training 
program seriously and expects its employees to do the 
same.

Training for subcontractors
In addition to training company employees, training 
should also be required of subcontractors, particularly 
if they will be doing work in environmentally sensitive 
areas. As indicated above, it is also important to in
clude performance clauses in confracts with subcon
tractors to provide a legal obligation to follow the 
requirements set forth in the environmental training 
program; primarily because permitting agencies re

quire companies to assume responsibility for all projecf 
actions, including those performed by subcontractors. 
The use of performance clauses provides companies 
with a legal mechanism for imposing financial penal
ties on a subcontractor for non-compliance, or fo void 
a confract.

Refresher courses
Most construction projects are of shorf enough dura
tion that environmental training provided at the begin
ning of the construction project is generally adequate to 
ensure that all workers are knowledgeable of what is 
required of them. This is particularly true if on-site 
monitors are present to reinforce training material and 
to answer questions that may come up.

For ongoing operation and maintenance activities, 
refresher training, usually on an annual or bi-annual 
basis, is recommended. Refresher training not only 
serves to reinforce training material in minds of workers, 
it also provides the opportunity to update trainiiag with 
new developments in legislation and/or regulahons, 
adds to the list of sensihvities that must be protected and 
avoided, provides training to new employees or intra
company transfers, and adds to a sense of company 
commifment to the training program.
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Regulatory agency involvement and approval
The level to which regulatory agencies are involved in 
the environmental training program depends on 
whether the training program is proactive (i.e., volun
tary) or reactive (i.e., required). Generally, for new 
construction or operation and maintenance activities 
that may require an agency permit, the agencies will 
require some type of environmental training program 
if the potential exists for harm to protected environ
mental resources as a result of the proposed action. If 
environmental training is required, the agencies will 
typically detail the material they want to have covered 
in the environmental training. The agencies will gener
ally leave the methods of training up to the applicant, 
although they will generally require that the training 
program be submitted to them for final approval before 
implementation. If the company implementing the train
ing wants more control over the training (i.e., determin
ing the content, medium, etc.), they can recommend 
environmental training up front as part of project mitiga
tion. The agencies will still ask for final review and 
approval of the training program, but for those project 
proponents interested in helping to control the pace 
and direction of their project, offering environmental 
training initially (i.e., by being proactive) will likely 
have greater success with their overall project. From 
this perspective, being proactive with respect to envi
ronmental training can be advantageous.

Environmental training for operation and mainte
nance activities is generally proactive (voluntary) since 
many linear projects were built before many environ
mental laws were enacted or operation and mainte
nance falls imder the guise of non-regulated activities. 
Proactive environmental training has many advantages, 
including: (1) helping a company maintain compliance 
with existing laws and regulations; (2) helping establish a 
record of good corporate responsibility and stewardship; 
and, (3) helping in future dealings with agencies, environ
mental groups and the general public.

Involving the regulatory agencies to develop some 
training material can be helpful in demonstrating a 
company's commitment to the program, and in obtain
ing agency endorsement of course goals, content and 
approach.

these contrary conditions. Feedback from workers can 
be solicited to see if they are encountering any prob
lems or if they have questions concerning what is ex
pected of them. At the same time, if workers were 
provided certain training materials that they were in
structed to have readily available for use, such as wallet 
cards, the on-site monitor or trainer can determine if the 
workers are in possession of this material.

SUMMARY

Pros and cons of environmental training
In evaluating a number of environmental training pro
grams, it is difficult to find any reason for a company 
building a new linear right-of-way project, and/or en
gaged in long-term operation and maintenance not to 
have some type of environmental training program. 
The sole objection for not having such a program may 
be cost. However, when one considers the adverse 
consequences of no, or an inadequate, training pro
gram, it does not appear to be justified.
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Quality assurance
Assuring the effectiveness of an environmental train
ing program is an important aspect of the program, 
and should be developed in conjunction with workable 
performance standards. Not only does it help identify 
strengths and weaknesses in the current program, it helps 
in improving future programs, and can also be used to 
demonstrate compliance with agency guidelines and 
conditions. In addition to on-site monitor's notes and 
observations, the on-site monitor or trainer can spot check 
to see if any conditions contrary to that advanced in the 
training exist, and identify circumstances concerning
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A Review of the Public Consultation 
Program Used in the Development of Water 

Supply Facilities. A Case Study

Peter G. Prier

The purpose of this paper is to review the public consultation program used in the development of 
water supply facilities in terms of how and why it evolved over time and to evaluate its success. 
The consultation program techniques are described with specific reference to changes in the 
program in response to opposition from an organized group of directly affected landowners. Input 
from the landowners' association resulted in changes to the consultation program design and 
schedule. Decision-making over the course of the program shifted from the proponent to a joint 
committee that included landowner representatives. An evaluation of the success of the program 
concluded that the program was successful in building a more trusting relationship between the 
proponent and the opposition. Development of a public consultation program should be early in 
the project planning process, should maximize the opportunities to receive input and should 
consider joint decision-making wherever possible.

Keywords: Public Consultation, water pipeline, joint decision-making, participation.

INTRODUCTION

The purpose of this paper is to outline: (1) the evolution 
of the public consultation program implemented in the 
plarming and construction of water supply facilities; (2) 
how and why the program evolved from single source 
to joint decision-making; (3) an evaluation of the pro
gram's success based on opportunities, flexibility and 
opposition influences on decision-making; and (4) rec
ommendations for the development of a public con
sultation program.

This paper is approached from the perspective of a 
practitioner, not an administrator or academic. My pri
mary focus in the area of public consultation is in what 
works, how it works and the lessons learned that can 
be applied to development of future public consult
ation programs. The importance of building a relation
ship of trust between proponents and opposition 
groups cannot be overemphasized.

BACKGROUND

The Ontario Clean Water Agency (OCWA) was estab
lished in 1993 to carry on the activities of the Ontario

Ministry of Environment and Energy (OMOEE) with 
respect to the project management, administration and 
operation of water supply-distribution and sewage col- 
lection-treatment facilities in the Province of Ontario. 
One of the systems which the OCWA owns and oper
ates is the Lake Huron Water Supply System, part of 
which is the 47.2 km long, 1200 mm (48 in) pipeline that 
extends from Lake Huron to just north of London, 
Ontario. The system serves London, Ontario and thir
teen small commimities along the pipeline route.

The pipeline was completed in 1967 and has been in 
continuous daily operation since. As a result of ruptures 
in the pipeline in 1983 and 1988, engineering investiga
tions identified three sections of the pipeline that required 
twinning. Consequently, the OMOEE, in 1991, initiated a 
Class Environmental Assessment (Class EA) under the 
Provincial Environmental Assessment Act (EAA) for 
the twinning of approximately 19 km of the existing 
pipeline (the project). The OCWA, in 1995, completed 
the Class EA initiated by the OMOEE. The pipeline was 
constructed and put in service by the end of 1996.

Class EA public consultation requirements are mini
mal. However, as a result of opposition to the project 
during and after preparation of the Class EA, a much
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more comprehensive consultation program was devel
oped for the detailed design and construction phases of 
the project's development. The comprehensive con
sultation program incorporated more frequent com
munication opportunities and by necessity, evolved in 
response to opposition input.

The main group opposed to the project were land- 
owners directly affected by the pipeline. Approximately 
50'/o of directly-affected landowners formed the Lake 
Huron Pipeline Landowners Association (LHPLA) and 
retained legal counsel. Throughout the project, the 
LHPLA were virtually the only opposition actively 
involved during planning and construction.

The primary concerns of the LHPLA were related to 
negative effects of the project on soil and crop produc
tivity, water wells along the route and financial com
pensation for disturbances and crop loss. The LHPLA 
also wanted reimbursement for legal fees, the mem
bers' time involvement reviewing documents and the 
LHPLA on-going participation through project com
pletion and operations.

LEGISLATED CONSULTATION PROGRAM. 
REQUIREMENTS AND RESULTS

Provisions under the Ontario EAA allow for the prepa
ration of a Class EA. This type of EA follows a planning 
process used for a group of projects which:
-  are relatively small in scale;
-  recur frequently;
-  have a generally predictable range of environmental

effects; and
-  which have relatively minor, environmental signifi

cance.
A clause within the Class EA planning process pro

vides for a "bump-up" to a more detailed and compre
hensive planning process when the environmental 
significance of a project is of "such proportion that the 
procedures for environmental assessment provided for 
under the Class EA process are not sufficient, and that 
an individual environmental assessment is required" 
(Municipal Engineers Association 1993). If a Class EA 
is "bumped up" to an individual EA, potential exists 
for a quasi-judicial public hearing and for pre-hearing 
participant funding.

The Class EA planning process for the project re
quired consultation with review agencies and the pub
lic once during the planning process and that the 
Environmental Study Report must be publicly reviewed. 
The nature, frequency and usefulness of consultation 
techniques is not specified in the Class EA, it is a self
regulating process.

The legislated consultation program failed to 
achieve the support of the LHPLA. They requested a 
"bump-up" of the Class EA. This request signalled 
both a failure of the Class EA consultation process to 
win support from the opposition and the LHPLA's 
desire to shift the decision-making authority from the

OCWA to the political forum and ultimately a legal or 
other regulatory authority. The bump-up request was 
denied by the political system, but on the condition that 
a more comprehensive consultation program, pro
posed by OCWA, be implemented.

NON-LEGISLATED CONSULTATION PROGRAM 
DESIGN

Development of a public consultation program re
quires that one understand why opposition to a nox
ious or unwanted facility occurs. Generally opposition 
results from five principal concerns of the potentially 
affected public (Armour 1987) as follows:
1. inequities in the distribution of costs and benefits;
2. the stigma of an unwanted facility;
3. perceived risks;
4. feelings of loss of control over forces affecting the

quality of one's life and community; and,
5. loss of trust in proponents and regulators.
The LHPLA opposition to the project focused on points 
one (1), four (4) and five (5), as noted above. Perceived 
inequities in the distribution of financial costs and 
benefits were offset during the negotiations that be
came part of the consultation program. The consult
ation program was designed in recognition of the need 
to reduce LHPLA perceptions of loss of control and to 
build a more trusting relationship with the OCWA. In 
order to build a relationship of trust, communication, 
opportunity and flexibility are the crucial elements that 
ultimately determine the success of a public consult
ation program (Law and Hartig 1993). These principles 
were incorporated into the consultation program using 
a variety of consultation techniques.

Communication among participants often comes 
too little, too late and is usually one way with many 
participation programs. In hindsight, it is apparent the 
first three years of the project were a good example of 
being too little, too late and often one way. Consequently, 
the more comprehensive program incorporated the fol
lowing consultation techniques to ensure early, frequent, 
two-way communications: personal interviews; work
shops; and a landowner relations program.

The techniques used provided frequent opportuni
ties for those most interested to be kept informed as 
well as actively involved in the project's decision-mak
ing. Flexibility was not directly incorporated into the 
program when it was developed. Instead, the program 
became flexible as the program components were im
plemented. The open communication lines and fre
quent opportunities for involvement fostered a more 
trusting relationship between OCWA and the land- 
owners that resulted in easier acceptance of differing 
views such as scheduling of meetings, the frequency, 
and design of questionnaires and workshop formats.

Negotiations and a joint decision-making committee 
were not part of the consultation program design. 
These were added as the program was implemented.
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THE EVOLUTION OF CONSULTATION TECHNIQUES

Table 1 outlines the project activities, consultation tech
niques, and decision-making authority that framed the 
consultation program. Project commencement to com
pletion spanned a five-year period. During that period, 
public consultation evolved from "non-participation" 
to a degree of citizen power, as described by Amstein's 
Ladder of Citizen Participahon (1969); the remainder of 
this section describes how and why the consultation 
techniques changed.

The LHPLA raised the profile of their cause before 
the OCWA could implement the more comprehensive 
consultation program. They did this, after denial of the 
bump-up request, through the media by recognizing 
that radical, extreme behaviour makes good press. 
However, public consultation in the media is not the 
appropriate forum for meaningful information ex
change or building trust. The local media coverage did, 
nonetheless, shift decision-making authority towards 
the LHPLA due to political pressure.

The OCWA response to the negative media, included 
provision of funding to LHPLA to hire consultants, im
mediate scheduling of workshops in consultation with 
the LHPLA and including the LHPLA in the actual ques
tionnaire design and interviewing process. These conces
sions by the OCWA to the landowners represented a step 
towards building a more trusting relationship and in
creasing the degree of their influence in the decision-mak
ing process.

Another step forward in the trust building process 
occurred through negotiation. Negotiations were 
added to the consultation program after the interviews, 
workshops and meetings, when it became apparent to 
all parties that substantially increased environmental 
mitigation measures were going to be very, costly.

Consequently, negotiations to reach a mutually accept
able set of feasible mitigation measures took place. The 
negotiations consisted of the OCWA staff, consultants, 
lawyers and the landowners association in approxi
mately five all-day meetings. These were primarily 
bargaining sessions where environmental decisions 
were made, consistent with the model of environ
mental decision-making and the trading of political 
concessions (Sewell and O'Riordan 1976). The process 
of negotiation also resulted in steps forward in trust 
between the OCWA and the landowners.

The negotiations concluded with the signing of a 
Letter of Undertaking (LOU), jointly by the OCWA and 
the LHPLA. The LOU included 16 pages of jointly 
agreed to provisions, one of which was a Joint Commit
tee (JC) of OCWA and LHPLA representatives. The JC 
was an additional consultation technique added at the 
request of the LHPLA. The JC terms of reference were 
to meet regularly throughout construction to identify 
areas of concern and their resolution. The JC met for
mally once a month during the six-month construction 
period. Informally, LHPLA representatives on the JC 
discussed issues with on site contract inspection staff 
on a once a week and sometimes more frequent sched
ule. Creation of the JC and its' joint decision-making 
nature was a positive step forward from the land- 
owners perspective because they felt they were being 
listened to, and were involved in decision-making.

The cumulative effect of the increased communica
tions and joint decision-making between the LHPLA 
and the OCWA was positive. Construction and imple
mentation of mitigation measures proceeded 
smoothly. This was fortunate since the relationship of 
trust was tested when bad weather in the fall of 1996 
resulted in non-completion of some of the mitigation 
measures.

Table 1. Project activities, consultation techniques and decision-making authority

Project stage Project activity Consultation technique Decision-making authority

Planning Project is a Class EA None (OCWA) OCWA
Prepare Environmental Study Report (ESR) Public Meeting and Newsletter (OCWA) OCWA
Distribute ESR for Review Review and Comment on ESK (OCWA) OCWA

Report Review Brief Minister Request "Bump-up" (Landowner 
Association (LA))

Mmister of Environment

Commence Detailed Design Involve Local Media (LA) Politicians

Design Detailed Design Landowner Interviews (OCWA/LA)OCWA/LA
Detailed Design Landowner Workshops (OCWA/LA) 

Negotiations (LA/OCWA)
OCWA/LA
LA/OCWA

Construction Pre-construction Landowner haterviews (OCWA/LA) LA
Construction Landowner Relations Program 

(OCWA/LA)
OCWA/LA

Construction Independent Inspection (LA) LA
Construction Joint Committee (LA) LA/OCWA
Clean-up Negotiations (LA/OCWA) LA/OCWA
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Non-completion of the project in fall 1996 meant that 
additional mitigation measures would be required. A 
decision as to what those measures should be led to 
some deterioration of the "trust" relationship because 
communication frequency within the JC decreased. 
However, recognition by both parties in the course of a 
series of meetings that non-completion was caused by 
circumstances beyond human control, led to some res
toration of the trust relationship. The LHPLA had in
put and a final say in what some of the mitigation 
measures would be.

EVALUATION OF THE CONSULTATION PROGRAM

The success of the consultation program has been 
evaluated by the author based on the "outcomes" (the 
extent to which the objectives were achieved), the 
"process" (the degree to which program techniques 
were successfully employed), and "attitudes" (the de
gree to which attitudes of those involved were posi
tively or negatively affected).

The evaluation indicators (adapted from Sewell and 
Phillips 1979) and the author's assessment of the pro
gram success are listed in Table 2.

The goal of the comprehensive consultation pro
gram was to build a relationship of trust with the 
LHPLA. This required more frequent communications, 
more opportunities and that flexibility be considered in 
whether the program was successful. Based on the indi
cators used to evaluate the program, it is considered to 
have been successful. The reasons for this include less

Table 2. Consultation program success

Indicator Degree of program success 
or failure

Level of resistance Decrease over time; partially 
successful

Changes in program caused 
by opposition feedback

Changes implemented to type 
of consultations, scheduling 
and mitigation techniques

Changes beyond the 
legislated requirements 
and frequency of 
communications

Program techniques 
successfully employed, 
exceeded legislated 
requirements, frequency of 
communications increased

Degree to which opposition 
influenced group decisions

Mitigation measures were 
added, modified, rejected or 
approved by landowners

Changes in self perception of 
committee representatives

Changes in attitudes of some 
committee members and 
perception of their involvement

opposition as the program was implemented, greater 
involvement of the LHPLA in decision-making, an in
crease in trust between the OCWA and the LHPLA and 
changed LHPLA perceptions of their involvement.

CONCLUSIONS AND RECOMMENDATIONS

The consultation program used in the development of 
the water pipeline evolved over time. This evolution 
was driven firstly, by opposition to the project. The 
opposition group used the political system and the 
media to force changes in the consultation program. 
Secondly, the consultahon program evolved as a result 
of negotiations. The lessons learned from this evolution 
are listed below:
1. Develop the consultation program early in the plan

ning process but be flexible in its subsequent imple
mentation.

2. Maximize the opportunities to receive input.
3. Consider joint committees for decision-making.
4. Ensure there is a mechanism for, and continuity of 

consultation throughout the planning, construction 
and monitoring phases of project development.

5. To the largest extent possible, use input received in 
decision-making.
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Life-Cycle Analysis for Transmission
Line Design

Joel M. Rinebold and Louise F. Mango

Life-cycle analysis, incorporating both traditional costs and environmental considerations, is gain
ing increasing recognition as an important decision-making tool in the evaluation of utility projects 
and as a key element of future environmental management programs. In this study of electric 
transmission options, life-cycle costs, consisting of all capital and operating costs, are assessed for 
seven single-circuit overhead line configurations, eight double-circuit overhead line configura
tions, seven single-circuit underground line configurations, and nine double-circuit underground 
line configurations. All life-cycle costs are unit based for each five-mile segment of construction and 
are broken out between fixed construction costs and 35-year life-cycle costs. Typical electric and 
magnetic field levels also are assessed for each line configuration. Fixed variables include load and 
operating conditions, structure and conductor types, and cost factors in 1995 dollars. Environ
mental life-cycle costs associated with the development and operation of typical overhead or 
underground electric transmission lines are identified and discussed, but could not be quantified 
and included in cost assessments. Methods for evaluating and comparing such costs, either 
quantitatively or qualitatively, are assessed, and recommendations are made for future use in 
identifying environmental life-cycle costs for transmission projects. This life-cycle information 
provides a benchmark that will assist project managers, regulators, and community leaders in the 
preliminary identification and comparison of transmission line design, least-cost options, right-of- 
way management, environmental costs, and low electric and magnetic field alternatives.

Keywords: Life-cycle cost comparison, electric transmission lines, environmental life-cycle costs, 
underground vs. overhead transmission analysis

INTRODUCTION

In late 1994, pursuant to Connecticut Public Act 94-176, 
entitled "An Act Concerning Life-cycle Cost Analyses 
and Certain Electric Facilities", the Connecticut Siting 
Council (Council) initiated an investigation of the com
parative life-cycle costs of both overhead and under
ground electric transmission lines. As used in this 
investigation, "life-cycle costs" refer to the sum of all 
fixed costs of construction and operating costs that can 
be calculated in 1995 dollars for the development and 
operation of a specific transmission line over a 35-year 
operational life. The fixed costs of construction include 
civil work, materials, terminal costs, regulatory and 
permit fees, environmental studies, engineering and 
administration, and a contingency of 15%. Operating 
costs include calculated transmission line losses and 
maintenance costs. The analyses also considered rela

tive reliability, constraints concerning access and con
struction, potential impacts to the environment, and 
compatibility with the existing electric supply system.

After discussion and interviews with utility repre
sentatives, 31 overhead and underground line configu
rations were identified for this life-cycle analysis. These 
configurations, which essentially establish the scope of 
this assessment, are identified in Tables 1 and 2. While 
this investigation explored new technology, untried or 
unproven technology was rejected. Consequently, the 
scope of the inveshgation is based on technology that is 
currently available within the industry. All supporting 
material, including methodology and cost estimate data, 
was provided or collected by Acres International Corpo
ration, and is available to the public through the Council.

This investigahon also identified expected electric and 
magnetic fields (EMF) for each line configuration. This 
variable was used to assess the strength and mitigation
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Table 1. Construction costs'^* and life-cycle costsPl for various overhead and underground configurations based on a five-mile line.
A = Scenario A; B = Scenario B

Construction cost Life-cycle cost Electric and magnetic fields

Load Load Load Load 500 1,500 795 1,272 kc
A B A B Amp Amp kc mil mil
($1000) ($1000) ($1000) ($1000) mG&) mG^> kV/m'3) kV/m*3)

Overhead
Single C ircuit (I-string insu lator except
as noted)
Wood H-frame 1,917 2,040 4,924 5,803 8,129 24,388 0.094 0.097

Wood H-frame w/ compact spacing 1,969 2,092 4,997 5,876 5.082 15.247 0.063 0.065

Single wood pole w/ delta 2,007 2,137 5,055 5,944 2.782< )̂ 8.345(^> 0.045(^) 0.047*4)

arrangement 
Steel pole 2,501 2,660 5,734 6,663 5.969< )̂ 17.906W 0.04l(^) 0.042*4)

Steel pole w/ compact spacing 2,518 2,679 5,758 6,690 5.002W 15.007('‘) 0.037(4) 0.038*4)

Steel pole w/ delta arrangement 2,441 2,595 5,649 6,572 5.051 W 15.153(‘*> 0.075<4) 0.078*4)

Steel pole w/ compact spacing delta 2,429 2,561 5,632 6,524 2.782( )̂ 8.345̂ >̂ 0.046*4) 0.048*4)
arrangement

D ouble C ircuit (I-string insu lator except
as noted)
H-frame 3,334 3,574 6,969 8,013 19.680 59.040 0.236 0.244

H-frame w/ alternative phasing 3,334 3,574 6,969 8,013 10.167 30.501 0.216 0.225

H-frame w/ compact spacing and 3,450 3,690 7,133 8,176 4.514 13.541 0.117 0.123
alternative phasing

Steel pole 3,246 3,536 6,832 7,946 11.921 35.764 0.056 0.057

Steel pole w/ alternative phasing 3,246 3,536 6,832 7,946 1.863 5.589 0.014 0,015

Steel pole w/ compact spacing 3,308 3,578 6,920 8,006 9.990 29.970 0.047 0.047

Steel pole w/ compact spacing and 3,308 3,578 6,920 8,006 0.837 2.511 0.014 0.014
alternative phasing using V-string
insulators

Steel pole w/ compact spacing and 3,519 3,770 7,217 8,276 0.743 2.228 0.013 0.014
alternative phasing using stand-off
insulators

Construction cost Life-cycle cost Magnetic fields

Load Load Load Load 500 1,500 100 ft 100 ft
A B A B Amp Amp 500 Amp 1,500 Amp
($1000) ($1000) ($1000) ($1000) mG<5) rnGl )̂ mG**̂ ) kV/m*6)

Underground
Single C ircuit
High-pressure gas-filled 12,924 12,924 19,014 19,014 11.552 33.084(7) 0.062 0.179*7)
High-pressure fluid-filled 12,926 12,926 19,016 19,016 11.552 33,685(*) 0.062 0.182*®)
High-pressure fluid-filled w/ closed 13,605 13,605 19,972 19,972 11.552 33.685<®) 0.062 0.182*4)

loop circulation
Self contained fluid-filled 14,839 14,839 21,622 21,622 105,236 315.708 0.565 1.696
Solid dielectric w/ horizontal 12,603 12,603 18,475 18,475 105.236 315.708 0.565 1.696

arrangement
Solid dielectric w/ delta arrangement 12,422 12,422 18,220 18,220 49.521 148,562 0.284 0.852
Solid dielectric w/ L-shaped 12,422 12,422 18,220 18,220 66.572 199.716 0.399 1.198

arrangement

D ouble C ircuit
High-pressure gas-filled 24,197 24,197 35,013 35,013 22.835 56.539(‘°) 0.124 0.307*'°)
High-pressure fluid-filled 23,684 23,684 34,291 34,291 22.835 57.406("> 0.124 0.312*")
High-pressure fluid-filled w/ closed 26,477 26,477 38,223 38,223 22,835 57.406('7) 0.124 0.312*'7)
loop circulation
Self contained fluid-filled 27,313 27,313 39,306 39,306 170.464 501,165(“ ) 1.129 3.318*'®)
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Table 1 (continued)

Construction cost Life-cycle cost Magnetic fields

Load
A
($1000)

Load
B
($1000)

Load
A
($1000)

Load
B
($1000)

500
Amp
mG®

1,500
Amp
mG(5)

100 ft 
500 Amp 
mG<̂ )

100 ft 
1,500 Amp 
kV/mW

Solid dielectric w/ horizontal 24,348 24,348 35,022 35,022 170.464 511.393 1.129 3.386
arrangement

Solid dielectric w/ horizontal 24,348 24,348 35,022 35,022 92.012 276.036 0.0564 1.693
arrangement & alternative phasing 

Solid dielectric w/ vertical 24,348 24,348 35,022 35,022 161.157 483.473 1.129 3.387
arrangement

Solid dielectric w/ vertical 24,348 24,348 35,022 35,022 80.590 241.771 0.565 1.695
arrangement and alternative 
phasing

Solid dielectric w/ delta arrangement 23,717 23,717 34,134 34,134 95.086 285.257 0.565 1.695

1. Construction costs consist of civil work, materials, administration and engineering, contingency costs, and allowance for funds used 
during construction. Data provided by Acres International Corporation, under contract to the Connecticut Siting Council, June 1996.
2. Life-cycle costs consist of construction costs, operation and maintenance costs, line losses, and financing costs assessed through 
present value costing in 1995 dollars for 35 years. Data provided by Acres International Corporation, under contract to the Connecticut 
Siting Council, Jmie 1996.
3. Calculated at edge of 100-foot wide right-of-way with structure in center of right-of-way except where otherwise noted.
4. Field averaged when asymmetrical line configuration cause unequal field levels on opposite edges of right-of-way.
5. Calculated directly over Une at ground level.
6. Calculated at edge of a 100-foot right-of-way at ground level.
7. Winter short-term emergency maximum at 1,432 amperes.
8. Winter short-term emergency maximum at 1,458 amperes.
9. Winter short-term emergency maximum at 1,458 amperes.
10. Winter short-term emergency maximum at 1,238 amperes.
11. Winter short-term emergency maximum at 1,257 amperes.
12. Winter short-term emergency maximum at 1,257 amperes.
13. Winter short-term emergency maximum at 1,470 amperes.

Table 2. Standard load and operation conditions for 
transmission lines in the life-cycle assessment

Operating conditions Load levels

Scenario A Scenario B
115 kV 115 kV
(Amps) (Amps)

Summer Expected average 350 500
Normal 1000 1250
Long-term emergency 1250 1500
Short-term emergency 1500 2000

Winter Expected average 350 500
Normal 1250 1500
Long-term emergency 1500 2000
Short-term emergency 1750 2500

of EMF using reverse phasing, compact spacing, and 
alternative conductor arrangements for comparison 
against the overall unit cost of the particular line con
figuration. Although "there remains 'no persuasive 
biological evidence that [EMF] can influence any of the

accepted stages' of the development of cancer", the 
Council and others recognized that the controversy 
over EMF still exists with existing and the develop
ment of new transmission lines (Cormecticut General 
Assembly 1995; National Academy of Sciences 1996). 
As shown in Table 1, the Council and others will be 
able to assess which transmission line configuration 
would result in the lowest EMF levels at the lowest per 
unit cost. The mitigation measures using reverse phas
ing, compact conductor spacing, and special conductor 
arrangements are applicable to other voltages, but 
have only been calculated for the 115 kV configurations 
presented in this analysis. While the Council has made 
no endorsement for low-EMF designs, this information 
may be useful in establishing low-cost alternatives dur
ing controversial public siting proceedings for new 
transmission lines.

This investigation also recognizes that environ
mental factors are major considerations in the siting, 
construction, and operation of any type of transmission 
line — underground or overhead. In the development 
of a typical transmission line project, the importance of 
environmental features is reflected in siting and design 
considerations; in the detailed environmental reviews



238 J.M. Rinebold and L.F. Mango

that regulatory agencies perform as part of permitting 
processes; and in both construction and operation/ 
maintenance procedures that are developed and im
plemented to minimize environmental impacts. While 
environmental costs are clearly important factors in 
project planning and decision-making, many of these 
costs are external and carmot be generically quantified. 
Such costs can, however, be assessed qualitatively and 
factored into project-specific analyses.

Reliability was considered as a general factor in sys
tem integration and selection of a line configuration, 
but because the frequency and duration of line failure 
is speculative, actual costs associated with line repair, 
replacement of power, and lost revenues have not been 
quantified and included in the assessment of costs. 
However, general conclusions regarding relative reli
ability, causes for failure, repair, and system planning 
are presented in the section "Findings".

The results of this investigation are both timely and 
important to the many states considering the restructur
ing of the electric utility industry in order to accommo
date competition from non-utility generators. Although 
the extent of change in the electric industry is unknown, 
it is generally accepted that electric transmission systems 
will continue to operate under a monopoly structure. 
However, as generation becomes more competitive, the 
transmission of energy from low-price generators to 
regions of high demand will become more prevalent, 
favoring more complex long-distance and regional 
transmission. Consequently, even with industry re
structuring and competitive market-based generation, 
the development and retrofit of transmission lines will 
continue to be a controversial public issue under the 
management of utilities and regulation of state public 
service commissions. Generic investigations such as 
this, will help to simplify complex transmission plan
ning, lower costs, increase public participation, and 
protect both the environment and the public.

ENVIRONMENTAL CONSIDERATIONS IN 
LIFE-CYCLE COSTING

Various environmental factors have a bearing on un
derground vs. overhead transmission line siting, con
struction, and operation. Although such factors are 
project-specific, generic evaluations and assessments 
can be made, and methods for evaluating and compar
ing such factors, either quantitatively or qualitatively, 
are available. The analysis of environmental cost fac
tors relevant to transmission line planning was devel
oped based on various agency/utility consultations; 
the review of published reports, articles, and other 
documents (refer to references section for a listing); and 
a field reconnaissance of representative existing 115 kV 
transmission line rights-of-way maintained by United 
Illuminating (UI) and Northeast Utilities Service Com
pany (NU) in Connecticut.

Environmental cost components
Inherent in the life-cycle costs of either an overhead or 
an underground transmission line are the conventional 
(direct and indirect monetary) environmental expendi
tures associated with each project, as well as external 
costs (or costs to society) as a result of the project. 
Conventional environmental costs can be budgeted, 
tracked, and quantified. Currently, however, Connecti
cut utilities lump most such costs as part of general 
project expenditures, without breakdown of separate 
"environmental" cost components. The following are 
representative project phases for which conventional 
costs can be tracked and quantified:
-  Project planning and design, including field surveys to 

identify environmental resources of concern (e.g., 
wetlands delineations, cultural resource analyses, 
stream surveys, endangered/threatened species in
vestigations) and to finalize the alignment of over
head structures or underground facilities so as to 
minimize environmental impact.

-  Permitting, including the development of certificafe 
and/or permit applications, environmental reports 
and maps; permit/certificate application filing fees; 
support of the permit/certificate applications at 
agency hearings; and preparation of management 
plans and other studies as may be required as a 
condition of certification and/or permit approval.

-  Facility construction, including the implementation 
of environmental protection measures and mitiga
tion plans, and environmental monitoring.

-  Facility operation/maintenance, including right-of- 
way vegetation control and maintenance activities 
involving environmental stabilization.
Social costs, also referred to as "externalities", are 

environmental costs that may result from a project, but 
are subjective and not easily quantifiable in terms of 
dollar amounts (i.e., "monetized"). Because they can
not easily be assigned a dollar value, either in the 
market place or by regulation, externalities typically 
may not be taken into full account in project decision
making. Examples of externalities include the effect of 
a view of a transmission structure on aesthetic quality; 
nuisance effects attributable to noise from overhead 
transmission lines; and the change in habitat or biodi
versity due to the creation of a utility right-of-way.

The following summarizes the four primary phases 
of a transmission line project and generally identifies 
both conventional costs and potential environmental 
externalities.

Project planning and design
The first phase in the development of any transmission 
line project is conceptual project design, including the 
performance of site and environmental evaluations to 
investigate alternatives (e.g., overhead or underground; 
configurations; routing; no action) and to refine a pre
ferred alignment. The extent to which special environ
mental investigations or field surveys (e.g., biological
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surveys cultural resource investigations, visual analy
sis, socioeconomic evaluations) are required will be a 
function of the characteristics of the project area. Con
sequently, the costs associated with these activities will 
vary substantially from project to project, regardless of 
whether the proposed transmission line is overhead or 
underground.

Permitting
Various permits and approvals are required for the 
construction of a typical transmission line. The types of 
permits required for a project and the time and cost to 
apply for and obtain approvals are a function of the 
scope and impact of the project, and particularly 
whether any significant adverse effects to environ
mental resources will occur. Costs are incurred by the 
utilities in preparing, filing, and supporting the permit 
applications, as well as by the regulatory agencies, who 
must review and act on the application materials. Most 
of these types of permitting costs are not specifically 
allocated as "environmental" expenditures, in a man
ner that would allow a meaningful cost analysis. Such 
an accounting is not required by the regulatory agen
cies and has not traditionally been performed by the 
utilities. In this regard, the actual costs of environ
mental permitting are typically "hidden" — that is, 
although the costs are incurred, they are not recorded 
so as to allow a specific accounting of environmental 
expenditures on a project-by-project basis.

For example, UI estimates that its per project permit
ting costs are in the range of $100,000 to $150,000, and 
notes that this includes the costs for the preparation of 
an environmental impact statement and other technical 
reports, permit fees, legal fees relating to environ
mental permitting, costs of public notices, and miscel
laneous expenses (e.g., travel, administrative). 
However, this cost range was estimated based on only 
two recent projects, one approximately 0.8 km (0.5 
mile) and another 5.1 km (3.2 miles) in length (UI 1995). 
NU's environmental permitting is performed as part of 
project engineering, and has not been accounted for 
separately. NU estimates that engineering is approxi
mately five percent of a large project's total cost, and 
that for projects requiring a Council certificate, ap
proximately half of the engineering cost is for regula
tory work. Recent NU transmission projects requiring 
a Council certificate have ranged in length from less 
than 1.6 km (1 mile) to approximately 24 km (15 miles).

Facility construction
The construction of a transmission line— either overhead 
or underground — results in various environmental im
pacts, which differ in magnitude, duration, and extent, 
based on the type and location of the project. Conven
tional costs are incurred to comply with environmental 
specifications and permit/certificate requirements (e.g., 
displacement of animals as a result of costs of temporary 
erosion controls, agency inspections of environmental

aspects of construchon work, restoration and right-of- 
way revegetation). External costs occur in the form of 
disturbance to the right-of-way, visual impacts, impacts 
to biota, nuisance impacts to the public (such as traffic 
congestion, noise, localized dust emissions), sedimenta
tion into watercourses, etc. Such externalities can only be 
identified and described qualitatively because many of 
these impacts are based on public perceptions, which 
vary individually (e.g., the "value" the public places on a 
view of a hillside with a visible right-of-way, the "cost" 
society associates with a change in wildlife habitat, (e.g., 
removal of mature forest vegetation during clearing to 
create an open right-of-way; or a temporary decrease in 
water quality in a wetland crossed by construction equip
ment). While monetary values cannot be assigned to en
vironmental resource costs, these impacts can be 
compared for different types of projects, qualitatively.

Facility operation/ maintenance
As is the case for construction, the operation of trans
mission lines results in conventional environmental 
costs that can be (but have not traditionally been) quan
tified, as well as environmental effects that can only be 
assessed qualitatively. The primary environmental fac
tors involved in transmission line operation include 
conventional costs for labor and equipment that are 
incurred to perform standard right-of-way vegetation 
maintenance and stabilization (e.g., vegetation control, 
repair of eroded areas), as well as labor (management 
or administrative) required to monitor or document 
compliance with long-term environmental permit con
ditions (if any), and externalities associated with the 
maintenance of a maintained right-of-way (e.g., the 
effects on biological resources, perceived effects on vis
ual resources, and property values).

With respect to conventional costs, the Connecticut 
utilities have not historically tracked and quantified costs 
for maintaining and stabilizing rights-of-way. New York 
electric utility right-of-way maintenance costs have been 
reported to the New York State Department of Public 
Service. New York's data indicate that per acre mainte
nance costs vary substantially, ranging from approxi
mately $3,300 for trimming to $72 for foliage herbicide 
application.

Externality costs associated with the different trans
mission line scenarios vary substantially depending on 
the environmental conditions along and in the vicinity 
of a particular right-of-way, as well as on public per
ceptions and attitudes. Apart from EMF research 
(which was not included in the environmental analysis 
for this life-cycle study), the primary potential adverse 
effects of transmission lines that have been the subject 
of research studies to date are: aesthetic impairment 
(from overhead lines in particular, but also from rights- 
of-way in general); noise (overhead lines only); habitat 
fragmentation and/or edge effects; interference with ra
dio reception (localized effects, overhead lines only); and 
reductions in property values.
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No specific studies were identified regarding the 
environmental effects of the operation/maintenance of 
an underground transmission line. The environmental 
externality costs associated with the operation of a 
transmission line are generally perceived as less for an 
underground facility than for an overhead facility. How
ever, while undergroimd transmission avoids some of 
the environmental issues associated with overhead trans
mission lines (e.g., wire noise, views of structures, poten
tial for certain impacts to wildlife), there remain 
environmental costs and risks. For example, there is a 
potential for leaks from oil-filled underground lines, 
which would have environmental consequences.

Externalities related to rights-of-way, such as per
ceived effects on property values, and views of a 
maintained corridor are relevant to both types of trans
mission lines.

Externality models (or lack thereof)
As part of the evaluation of environmental life-cycle 
costs, available data regarding methods for quantify
ing and incorporating environmental externalities into 
life-cycle cost assessments were reviewed. The purpose 
of this review was to determine the availability of an 
externality model that could be applied to incorporate 
environmental externalities into the transmission line 
siting and review process in Cormecticut. However, for 
the most part, the externality models currently in use 
for energy planning are narrowly focused on methods 
for quantifying externalities associated with air emis
sions from electricity generation. Other types of ex
ternalities, such as those associated with resource 
extraction or energy transportation, typically are not 
discussed or are identified only on a qualitative basis. 
In the overall accounting of environmental externali
ties from power generation, the environmental costs of 
transmission are considered relatively insignificant 
(Edison Electric Institute 1994).

A recent environmental externalities study commis
sioned by the Empire State Electric Energy Research 
Corporation did generally describe the impacts of elec
tricity transmission, but in the context of new transmis
sion lines that would be necessary to connect new 
electric generating plants to the power grid. In particu
lar, the study discussed externalities associated with 
overhead transmission lines, such as damages to land 
use and terrestrial resources (e.g., aesthetic impair
ment, noise, radio signal interference, change in open 
space/biodiversity/habitat), as well as possible ad
verse effects to human health and to the health of 
wildlife near transmission lines. However, this analysis 
was a qualitative review and did not present a model 
for identifying or ranking transmission line externali
ties. The study did suggest that the damages associated 
with loss of open space, terrestrial impacts, and aes
thetics could be quantified, on an order-of-magnitude 
basis, using property value studies (RCG/Hagler 
Bailey, Inc. 1993).

Another New York State study noted that while the 
idea of internalizing externalities into overall energy 
plarming and decision-making has conceptual appeal, 
the actual operational task is made difficult by the 
almost infinite number of potential externalities (not 
only environmental, but also those relating to health, 
safety, and social welfare). The study further noted that 
externality valuation is a function of society's willing
ness and ability to pay for perceived benefits or changes 
in social welfare, which also are very difficult to measure 
(New York State Department of Public Service et al. 
1994).

It would appear that externalities can be easily 
measured only on a project-specific basis, in situations 
where an actual value can be attributed to a specific 
outcome. For example, in order to preserve a forested 
buffer area between their homes and transmission line, 
a group of central Cormecticut homeowners whose 
property abutted a transmission corridor within which 
a new line was to be built paid to relocate the line near 
their properties to the opposite side of the transmission 
right-of-way. In this instance, a specific value (the cost 
of the relocation) can be assigned to the value that the 
homeowners place on aesthetics.

Other studies and reports (e.g., Buchanan 1990) simi
larly have noted that it is difficult, if not impossible, to 
attempt to quantify some environmental externalities, 
which are in reality environmental risks. Examples are 
the risk of damage to a National Register of Historic 
Places site or to a designated threatened or endangered 
species, to which the allocation of dollar values may be 
impractical or inappropriate.

Studies (Buchanan 1990) indicate that, in some cases, 
environmental costs may be integrated into decision
making by evaluating them in terms of society's will
ingness to pay, based on: cost to control the impact 
(e.g., costs to adhere to special timing restrictions and 
crossing techniques to minimize impacts to a sensitive 
fisheries resource; transmission pole realignment to 
limit impacts to visual resources); cost to mitigate the 
impact after the fact (e.g., restoration costs); or damage 
costs associated with environmental risks (e.g., clean
up costs for a spill of fluid from an underground fluid- 
filled cable). However, because of the limited historical 
environmental cost data available for transmission 
lines, there is little, if any, basis upon which to derive 
standard estimates for environmental control, damage, 
or mitigation costs. On the other hand, such costs could 
be estimated on a project-specific basis to place a value 
on specific environmental resources of concern.

Finally, some attempts have been made to use matrices 
and weighted values to compare the external environ
mental impacts of different types of energy projects. For 
example, as described by Putta (1990), New York State 
developed techniques for setting price equivalents for 
some environmental impacts as part of that state's utility 
bidding program for power generation. Part of the New 
York method involved the use of an Environmental
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Scoring Form, which lists and weights environmental 
attributes (e.g., "visual aesthetics" is assigned a weight 
of 1), along with point scores for different levels of 
impacts that a project will have on an attribute (e.g., a 
highly visible project is assigned zero points, whereas 
one that is not visible from public roads is assigned the 
highest point ranking of five). Impacts to environ
mental attributes are scored by multiplying points by 
the weighted ranking, with a high number indicating a 
low impact level. Although the New York Environ
mental Scoring Form was designed for use by utilities 
in evaluating power projects, it could be adapted for 
use in decision-making for transmission line projects. 
However, the use of any matrix weighting scheme nec
essarily involves value judgments and qualitative com
parisons that will always be subject to controversy.

Overall, until (and if) relevant models are devel
oped, environmental externalities for transmission 
lines are best evaluated qualitatively, and on a project- 
specific basis.

FINDINGS

As previously discussed, this analysis assumed that the 
driving factor for selection of a particular line is in 
many cases internalized cost. This information is sum
marized in Table 1 and in Fig. 1. While external costs.

aesthetics, site constraints, and the regulatory environ
ment will continue to play an important role in facility 
selection and construction, the conclusions reached in 
this analysis are largely based on the fixed costs of 
construction and operation for each transmission con
figuration accumulated over a 35-year life-cycle.

The following conclusions can be drawn from this 
comparison of line configurations.

Costs
-  Construction costs for typical underground configu

rations under similar loading are approximately 5-8 
times the construction costs of typical overhead con
figurations (4.9-Z.7 times for single-circuit scenario 
A; 6.7-8.4 times for double-circuit scenario A; 4.6- 
7.3 times for single-circuit scenario B; 6.3-7.7 times 
for double-circuit scenario B).

-  Life-cycle costs for typical imderground configura
tions under similar loading are approximately 3-6 
times the life-cycle costs of typical overhead con
figurations (3.2^.4 times for single-circuit scenario 
A; 4.7-5.S times for double-circuit scenario A; 2.7- 
3.7 times for single-circuit scenario B; 4.1—4.9 times 
for double-circuit scenario B).

-  The least expensive single-circuit line is a wood 
structure H-frame overhead configuration, closely 
followed by a single wood pole configuration.

20000 a

Fig. 1. Comparison of life-cycle costs and magnetic fields for various overhead and underground configurations calculated using 
standard conditions. SC = single circuit, DC = double circuit, UG = underground, OH = overhead, HP = high-pressure. Magnetic 
field calculations have assumed exposure from 500 amp of load and access to the edge of a restricted ROW at ground level ( 3 -5  
ft directly over underground configurations and at ground level at the edge of a 100-ft wide ROW for overhead configurations 

with the structure in the center of the ROW). See Table 1 for cost and operating conditions.
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-  The least expensive double-circuit line is a steel pole 
structure configuration, closely followed by a wood 
H-frame structure configuration.

-  The least expensive underground line is a solid di
electric configuration, closely followed by high- 
pressure gas-filled and high-pressure fluid-filled 
configurations.

-  Although the solid dielectric configuration is the 
least expensive underground line, operational his
tory is limited at transmission voltages of 69 kV and 
above.

Reliability
-  Overhead configurations are more susceptible to in

terruption from external sources such as weather, 
but failure is easier to identify and repair.

-  Underground configurations are less susceptible to 
failure from inclement weather, but identification 
and repair of fhe failure is more difficult and will 
take longer.

-  Overhead configurations are more likely to fail due 
to tree contact and vehicle accident when compared 
to underground configurations.

-  Underground configurations are more likely to fail 
due to insulation faults, splice faults, termination 
faults, and dig-ins when compared to overhead con
figurations.

-  Overhead and underground configurations are not 
always electrically equivalent, and simple one-for- 
one substitution of underground configurations for 
overhead configurations is not possible without de
tailed system engineering to consider current-carry
ing capability, load sharing, charging currents, fault 
currents, system restoration, and system losses.

Electric and magnetic fields
-  The configurations that produce the lowest mag

netic fields at the edge of a 100-ft wide right-of-way 
are underground fluid-filled or gas-filled cables; 
however, as shown in Fig. 1, public exposure will be 
lower from many overhead lines if public access is 
permitted immediately above underground lines, 
w h ich  is ty p ica l for u n d erg ro u n d  installations.

-  Alternative phasing and conductor cancellation 
techniques can be effective in reducing magnetic 
fields for double-circuit lines, but field cancellation 
may not be uniform across the right-of-way when 
conductors are horizontally configured and fields 
between non-canceling phases become additive.

-  Electric fields are a function of voltage and shield
ing, and are non existent at ground level for under
ground configurations as a result of shielding from 
the conduit and earth materials.

Environmental factors
-  Although overhead configurations may have an ef

fect on visual resources, in certain cases impacts on 
other sensitive environmental receptors such as

open meadow inland wetlands may be minimized 
or avoided with overhead access gaps between line 
structures.

-  Although underground configurations generally have 
less of an effect on aesthetic resources, trenching may 
have a greater effect on other environmental receptors 
unless subsurface installation methods such as boring 
or directional drilling techniques are used.

-  Overhead configurations will generally require wider 
rights-of-way than underground lines, decreasing 
their applicability to urban areas where land value is 
high or conductor clearances are unattainable.

While there will always be a need for detailed cost esti
mating and engineering to select technology for the con
struction of a transmission facility at a particular site, this 
investigation shows that both initial generic construction 
costs and cumulative life-cycle costs are less for overhead 
lines than for underground lines. Although stUl develop
ing, the use of solid dielectric technology, directional 
drilling, soft trenching, electronically guided boring rigs, 
underground cable pulling equipment, and combined 
replacement of aging underground utilities will help 
lower underground costs at a faster rate than overhead 
line costs. Furthermore, as these technologies reduce the 
costs of construction (the critical costs for underground
ing), these technologies and other new technology for 
cable diagnostics and system refurbishment will increase 
reliability and make such underground lines easier to 
maintain (Douglas 1994).

On the horizon is the breakthrough technology of 
high temperature superconductivity (HTS) power ca
bles. These cables offer potential to increase the capac
ity of underground conduifs for a given size and 
voltage. Since HTS was first reported by Muller and 
Bednorz (1987), the temperature for HTS has been in
creased, applications using thin films, tape, and wire 
have been demonstrated, and materials are now at or 
near the point of commercial development (Chu 1995; 
Kirtley and Tsuei 1996). Wiremaking companies in
cluding Sumitomo Electric Industries in Osaka, Japan, 
Intermagnetics General Corporation in Lantham, New 
York, and American Superconductor Corporation in 
Westborough, Massachusetts, all claim to have capac
ity to manufacture HTS materials (Service 1996). Pirelli 
Cable Corporation, working with EPRI, American Su
perconductor, and the Department of Energy seek to 
develop by 1998, a complete cable prototype to carry 
2,000 amperes at 115 kV within an eight-inch steel pipe 
(Lubkin 1996). This prototype and others are projected 
to be tested through 1999, and be commercially avail
able by 2000 (Moore 1996).

Although this technology may offer great promise 
for undergrounding transmission lines in urban areas, 
HTS could make underground lines an economical 
option to traditional overhead lines in non-urban areas 
as well (Moore 1996). HTS, while not yet fully under
stood, is also expected to be available soon after 2000 to 
improve efficiency and reduce the size of transformers.
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power system control and protection equipment, and 
generators for application in both underground and 
overhead transmission configurations (Moore 1996). 
The limiting factor for use of HTS at this time is the low 
temperature necessary for superconducting, which re
quires costly liquid nitrogen or helium cryogenic cool
ing systems (Grant 1995).

HTS has developed rapidly and offers great promise 
for a number of applications, but the need to use com
plex and expensive cooling systems may discourage 
the commercial use of HTS for long-distance transmis
sion lines. Room-temperature super conductivity, 
while not now considered impossible, has yet to be 
found (Chu 1995). Consequently, conservative electric 
utilities may be slow to accept HTS as an alternative to 
overhead and conventional underground power trans
mission until such technology is tested and proven to 
be reliable and cost-effective (Service 1996).

While the data of this investigation does not support 
underground lines as the least-cost favored option 
within a 35-year life expectancy, in the future, the cost 
gap between underground and overhead technologies 
will become narrower. The narrowing of this cost gap 
between overhead and imderground configurations 
will be accelerated as:
-  the longer a transmission line is in service (beyond the 

35-year life expectancy analyzed for this study), as the 
higher initial construction costs of undergroimd con
figurations are depreciated over a longer Ufe;

-  if certain external costs, including effects on visual 
resources, property value, and potential health ef
fects associated with overhead transmission lines, 
are internalized in life-cycle analyses;

-  as new technology such as HTS becomes reliable 
and cost-effective; and

-  as the price of electricity increases and line losses, 
which are lower for underground lines, become more 
significant due to the increased cost of electricity. 
However, with increased competihon in the electric

transmission industry, electric costs may hold steady 
or even be reduced, thus continuing to favor initial 
least-cost overhead configurations. Furthermore, with
out an allowed rate of return, now enjoyed by utility 
monopolies and threatened by restructuring, a restruc
tured electric market may favor short-term investments 
over long-term investments. Thus, overhead configura
tions may continue to be the preferred configuration as 
long-distance interstate transmission lines are construct
ed to facilitate retail and wholesale access.

ENVIRONMENTAL LIFE-CYCLE COST 
IMPLICATIONS AND RECOMMENDATIONS

The construction and operation/maintenance of either 
underground or overhead transmission lines result in 
both conventional and external environmental costs. 
Both types of costs should be integrated, either quanti
tatively or qualitatively, into life-cycle cost assessments

and utility/regulatory decision-making. To facilitate 
the identification, evaluation, and comparison of envi
ronmental costs as part of a life-cycle cost assessment, 
the following are recommended:
1. Improve tracking of and accounting for conventional costs. 

The conventional environmental costs of project plan
ning, permitting, construction, and operation/main
tenance should be better tracked in order to allow a 
comprehensive accounting of the actual expendi
tures on environmental matters for each project. 
Hidden costs that could be assigned to specific line 
segments or projects include labor and materials for 
project planning; permitting and permitting support; 
implementation of environmental protection meas
ures during construction; and right-of-way vegetation 
maintenance.

2. Integrate environmental externalities into project decision
making. Environmental externalities should continue 
to be considered and incorporated into project deci
sion-making for transmission lines. Although exter
nality analyses must continue to rely on qualitative 
comparisons, rankings, and analyses to evaluate sub
jective effects, the types of environmental extemalihes 
considered in project decision-making can be stand
ardized to facilitate comparisons among project alter
natives and types.

CONCLUSION

As electric load centers continue to grow, and as new 
generation facilities replace aging baseload facilities 
owned by utilities, there will continue to be a need to 
upgrade existing transmission lines and to develop 
new transmission lines. Decisions regarding the choice 
of transmission line technology will have profound 
effects on the environment for several decades, and 
will be driven by both quantifiable internal costs of 
construction and maintenance as well as external social 
concerns regarding the environment and public health. 
A new paradigm favoring long-distance underground 
transmission lines is not immediately expected; how
ever, the frequency for selection of underground lines 
will increase if decisions are based on external life-cycle 
costs and if underground technology continues to 
evolve toward higher efficiency and lower cost. Cost 
drivers may be reinforced through a regulatory environ
ment that would oversee the construction, operahon, and 
maintenance of the transmission system as a natural mo
nopoly even as the electric supply industry becomes 
more competitive and driven by market forces.

This investigation has been undertaken in coopera
tion with Acres International Corporation, 140 John 
James Audubon Parkway, Amherst, NY 14228-1180. Ad
ditional information may be found at the Connecticut 
Siting Council, 10 Franklin Square, New Britain, Con
necticut 06051. Supporting material may be acquired 
from the Cormecticut Siting Council at a cost of $50.00 
to offset the expense of printing and handling.
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The Alberta Pipeline Environmental Steering 
Committee: A Model for Cooperative

Resolution of Issues

Ian F. H. Scott

With over 244,000 km of pipelines in Alberta, Canada, industry and government traditionally 
gathered information and conducted research independently to address pipeline environmental 
issues. The results were often disputed which often led to confrontation between industry and the 
regulators. In the mid 1980s a series of pipeline environmental issues emerged such as topsoil 
conservation, three-phase stripping, and reclamation criteria which demanded mutual resolution. 
Consequently, the Alberta Pipeline Environmental Steering Committee (APESC) was established 
in 1988. Initially, APESC membership was comprised of industry and provincial government 
representatives only but has since expanded to include landowner, local government, federal 
government and pipeline contractor representatives. The paper will discuss the overall mandate of 
APESC, its objectives, how it operates, examples of current issues being addressed, and how they 
are managed and prioritized. The paper will demonstrate how the APESC approach has benefited 
industry, regulators and the public through agreement on issues' identification and mutual reso
lution.

Keywords-. Industry, government, public, conflict resolution environmental, pipeline, issue identifi
cation and prioritization

INTRODUCTION

Background
In Canada there are approximately 540,000 km of oper
ating oil and gas, pipelines of which about 50% are 
located in the Province of Alberta. Pipelines operating 
in Alberta are the responsibility of a number of provin
cial government agencies. Alberta Energy Utilities 
Board (EUB) regulates the design, operation and aban
donment of flow lines, gathering systems, feeder pipe
lines and transmission pipelines, while lower-pressure 
distribution lines (such as cooperative pipelines) are 
regulated by Alberta Transportation and Utilities. Al
berta Environmental Protection (AEP) regulates con
servation and reclamation activities for all pipelines; 
Alberta Parm and Rural Development (AFRD) regu
lates lines on lands designated as "public lands". Inter
provincial and international pipeline systems are 
regulated by the National Energy Board (NEB). Figure 
1 shows the types of pipelines operating in Alberta and 
regulated by the EUB.

Pipeline operators are represented by two main 
industry associations: the Canadian Association of Pe
troleum Producers (CAPP) and the Canadian Energy 
Pipeline Association (CEPA).

In the late 1970s through the mid 1980s, a series of 
pipeline environmental issues emerged such as topsoil

Km of pipelines
350,000

pipelines ! transmission 
natural gas I liquid I flowlines 

I gathering

GiPP
Eig. 1. Pipelines in Alberta.
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conservation, three-phase stripping in problem soils, 
reclamation criteria and protection of fisheries and fish 
habitat which demanded mutual resolution by indus
try and government. In addition, the regulators and the 
public questioned whether pipeline construction 
standards and procedures were adequate to address 
the prevailing environmental issues. To address spe
cific environmental issues, pipeline operators were 
forced to provide increased information, and develop 
and implement new construction techniques, some of 
which were questionable.

Establishment of the Alberta Pipeline 
Environmental Steering Committee
Although industry and government conducted inde
pendent research and surveys to address the pipeline 
environmental issues, the results were often disputed. 
This led to confrontation, frustration, delays and even 
duplication of effort between the oil and gas industry 
and the regulators. Consequently, in 1988, the Alberta 
Pipeline Environmental Steering Committee (APESC) 
was established to address pipeline environmental is
sues in a concerted, cooperative way. Initially, APESC 
membership only comprised industry and provincial 
government representatives but it has been expanded 
to include landowner, local government, federal gov
ernment and pipeline contractor representatives.

The remainder of this paper provides an overview 
of the overall mandate of APESC, its objectives, how it 
operates, examples of current issues being addressed, 
and how these issues are managed and prioritized.

THE ALBERTA PIPELINE ENVIRONMENT 
STEERING COMMITTEE

APESC mandate
APESC provides a forum that allows pipeline envi
ronmental concerns to be identified early in the proc
ess before they become issues of major confrontation 
between respective stakeholders. The mandate of 
APESC is;

"To assist industry, government and other stake
holders in the collective pursuit of ensuring envi
ronmental protection as it relates to the plarming, 
construction, operation, abandonment and recla
mation of pipelines, while recognizing sound 
economic objectives."

APESC essentially has four objectives: to ensure envi
ronmental protection while considering the economics 
during all phases of a pipeline from design to abandon
ment; to act as a vehicle for government to receive input 
from industry and other stakeholders during policy for
mation; to identify, prioritize and make recommenda
tions for workable solutions on pipeline environmental 
issues; and to implement recommendations by organiza
tions represented on APESC.

APESC provides a forum for government to receive 
input from industry and other interested groups dur
ing the development of government policy, legislation, 
regulations and guidelines. This forum provides a 
mechanism for any party to identify pipeline-related 
environmental issues, to prioritize the issues and to 
develop and recommend workable solutions to indus
try and government. Each stakeholder assists in the 
collective implementation of the recommendations 
through their respective organization.

APESC’s committee structure
Initially, APESC comprised members from industry 
and government. Through a regular review of the 
membership, representatives from other interested 
parties have been identified and the membership has 
expanded. Currently, APESC's membership consists of:

Industry
-  CAPP (three representatives)
-  CEPA (three representatives)
-  Pipeline Contractors Industry (one representative)
-  Utility Pipeline Industry (two representatives)

Government
-  AFRD (two representatives)

Farmers Advocate of Alberta 
Public Land Management Branch

-  AEP (four representatives)
Land Reclamation Division 
Land and Forest Service 
Fish and Wildlife Division

-  EUB (one representative)
-  NEB (one representative)
-  Alberta Association of Municipal Districts and 

Counties (AAMDC) (one representative)
-  Surface Rights Federation of Alberta (one repre

sentative)

APESC structure
APESC is co-chaired by industry and government. Co
chairs are appointed or volunteer their services for a 
period of not less than one year. Meetings are held at 
least quarterly with meeting locations rotating be
tween Calgary and Edmonton, these being industry 
and government centres, respectively.

Depending on the location of the meeting, the re
spective industry or government chair is responsible 
for developing an agenda, its circulation, organization 
and chair of the meeting. The agenda is developed 
through informal discussions between the co-chairs 
and their respective constituents.

APESC annually appoints one of its members as 
secretary. The secretary is responsible for drafting and 
circulating minutes of meeting. Minutes from each 
meeting are approved at subsequent meetings.

In December, an annual meeting is held to review 
APESC's membership, the chair positions, the secre
tary, progress of APESC activities, and identify future
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direction. The co-chairs develop an annual report 
which is circulated to the appropriate senior industry 
and government officials.

APESC process

Issue identification
Members may raise issues at any time. Each issue is 
discussed and consensus is required before APESC will 
place the issue on the Issues Priority List. Issues are 
reassessed and priorities re-evaluated at the annual 
meeting. The Issues Priority List can be reviewed at 
every meeting and modified accordingly.

An issue is listed on the Issues Priority List under 
one of three main areas:
-  Policy Development
-  Standard Development
-  Information/Process Requirement.

Each issue is prioritized as high, medium or low, 
assigned a project manager(s) to oversee resolution of 
the issue, and assigned a time-frame in which to re
solve the issue. Table 1 provides an example of the 
current issues being addressed by APESC.

Priority setting and terms of reference 
At each annual meeting, current and new issues are 
reviewed and prioritized. A member of APESC is as
signed to oversee and report regularly on progress of 
resolution of an issue. An issue may be addressed by 
APESC itself or through the establishment of task 
forces. The responsible member develops, for APESC 
approval. Terms of Reference for the Task Force.

Establishment of task forces
When APESC determines it is appropriate to establish 
a task force, APESC members are requested to identify 
representatives to sit on the task force. The responsible 
APESC member identified as the task force chair con
tacts potential representatives and convenes a meeting.

The task force operates under the Terms of Refer
ence established by APESC. Task force progress re
ports are made at each APESC meeting. If the task force 
requires clarification about its Terms of Reference or

wishes to amend them it must report back to APESC to 
obtain approval before the task force's mandate can be 
changed. The task force is responsible for developing 
recommendations within a specified time-frame and 
bringing them forward to APESC for review and con
sensus.

Funding
For plarming purposes, APESC prepares a three-year 
forecast of the funds needed to address the issues iden
tified. This forecast enables industry and government 
to identify annual funding requirements so funding 
can be included in their respective budgets.

Once a task force has been established, the task force 
may, if it deems funds are required to resolve the issue, 
provide a written request to APESC outlining funding 
needs, how the funds would be used and when the 
funds are required. APESC reviews the request using 
the three-year forecast as a financial guide. If support 
for funding is accepted, APESC members seek the ap
propriate amount from their respective organizations. 
Wherever possible, joint funding between government 
and industry is preferred.

Implementation of recommendations 
Following the tabling of recommendations, APESC re
views them, seeks consensus and determines an appro
priate course of action. APESC members are expected to 
discuss the recommendations within their respective 
organizations and seek ratification. Final decisions of 
APESC are usually communicated through written noti
fication such as regulatory "Informational Letters, In
terim Directives, Discussion Papers or Guidelines". 
Each APESC member is expected to assist in the com
munication and implementation of the recommenda
tions. For example, CAPP regularly publishes notices 
in its monthly newsletter ReCAPP to alert members of 
such new information.

APESC successes
APESC has successfully resolved a number of issues in 
recent years. These include development of jointly spon
sored industry/government workshops on pipeline

Table 1. Current Alberta Pipeline Environmental Steering Committee (APESC) issues

Issue Description Assigned to Due date

PI Abandonment Etherington, Sharp Q 3 1996

P2 Link with APIGEC APESC Ongoing

P3 Provincial/Federal regulatory issues Brocke, Sharp, Etherington Ongoing

P4 Third-party impacts on reclamation Brocke, Etherington Q3 1996

SI Reclamation criteria P/L Task Group Q2 1997

S2 P/L Guide pursuant to AEPEA Chymko Q1 1997

S3 Hydrostatic Testing Management 
G/L and Code

Scott Q 4 1996

11 Review problem Soils Handling 
Guideline

Soils Task Force Q3 1996

Comments

Develop discussion paper 
APIGEC, CPWCC, CAPP, CEPA, PASC 
Regulators provide update to APESC 
Position statement for approval 
Reclamation criteria for post
construction
Issue new guide for pipelines
Revision to existing guidelines and
new government code
Salinity field study, review of three lift
guidelines
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reclamation criteria, pipeline water crossings and pro
tection of fish habitat, cooperative work to address 
environmental issues related to pipeline abandonment, 
development of a pipeline guide to assist industry in 
understanding the legislative requirements of the Al
berta's Environmental Protection and Enhancement 
Act, identification of areas imder that legislation that 
require clarification (e.g., requirements for hydrostatic 
testing) or eliminating requirements which were con
sidered unnecessary (e.g., elimination of requirement 
for reclamation security deposit prior to pipeline con
struction). A brief review of APESC's approach to deal
ing with pipeline reclamation criteria demonstrates 
how the APESC model can benefit all stakeholders.

Historically, few pipeline reclamation certificates 
have been issued in Alberta. Consequently, there has 
been little pressure on government or industry to have 
clearly defined reclamation criteria. However, a number 
of separate actions in the early nineties changed this.

In 1990, the Canadian Institute of Chartered Ac
countants, the ruling body for chartered accoimtants, 
changed the accounting rules requiring companies to 
identify reclamation costs as a liability in their financial 
reports. This action precipitated the need to define 
reclamation (and associated costs) which resulted in a 
joint industry/government workshop in May 1994, the 
purpose of which was to identify the factors that 
should be considered to determine the success of recla
mation. Also, pipeline abandonments began increasing 
as Alberta's infrastructure aged and upstream wells 
(and associated flowlines) were abandoned. In addi
tion, AEP released the "Reclamation Criteria for Wellsites 
and Associated Facilities" which provided detailed recla
mation criteria for the upstream oil and gas industry.

In March 1994, an industry/government task force 
(established under the auspices of APESC) developed 
and released the "Guide for Pipelines Pursuant to the 
(Alberta) Environmental Protection and Enhancement Act 
and Regulations". This document consists of three parts:
-  Approvals
-  Environmental Protection Guidelines
-  Reclamation Certification.
The third section noted that specific pipeline reclama
tion criteria were not yet available and only wellsite 
criteria existed.

Industry commissioned a study to suggest pipeline 
reclamation criteria and tabled this with APESC. Gov
ernment did not accept the criteria proposed and, as a 
result, APESC struck a task force to develop criteria. 
Representation on the task force includes industry, 
government and the farming community. After a num
ber of meetings, the task force reported back to APESC 
tlrat it was having difficulty in proceeding past the 
initial stages because industry and government were 
entrenched in their positions about what the reclama
tion criteria should be. APESC reviewed their concerns 
and the task force membership and after considerable 
debate, changed the task force's representatives by re

placing the "scientists" with "issues management peo
ple". As well, more specific directions were given to the 
task force. Some of the specific concerns raised in
cluded:
-  Would the criteria apply to post-construction and 

or/post-abandonment? APESC directed the task force 
to consider the former first then address the latter.

-  Would the criteria evaluate reclamation success on 
the basis of productivity or capability? Since the Act 
uses capability as the basis for determining reclama
tion success, APESC agreed this would be used but 
the issue on how to implement capability in a mean
ingful cost effective manner was left to the task force 
to address.

-  Could issue managers identify the reclamation crite
ria parameters and then hand them over to a group 
of "scientists" to identify the thresholds? APESC 
decided this approach was reasonable and hoped 
the issue managers would not become embroiled in 
the details that resulted in the initial stalemate.

Since fall 1995, the task force has been meeting on a 
regular basis to develop pipeline reclamation criteria 
with a goal to have recommendations for interim 
criteria for APESC's approval in spring 1997. If ap
proved, these criteria will then be implemented on a 
trial basis in the summer of 1997 to evaluate their 
appropriateness.

Elements for success
All stakeholders agree the APESC process has been 
effective resolving conflict in an efficient manner. Eur- 
thermore, stakeholders recognize that if APESC is to 
remain successful and productive, members must re
main vigilant of the conditions needed to continue to 
build on the successes. These include:

(1) Members must have a clear mandate from their 
respective affiliation from the highest level of their 
organization.

(2) Eull participation from all members is essential 
for success. Companies representing industry must 
recognize the time, effort, costs and commitment asso
ciated with full participation on such committees.

(3) Member organizations should be committed to 
funding projects jointly agreed upon. Where possible, 
joint funding of projects should be encouraged to en
sure joint management of a project. However, if for 
example, a member feels strongly about a particular 
issue and study is required to resolve it, funding 
should be provided by that member.

(4) There must be a clear understanding of the ratifi
cation process (including definition of consensus) so 
that any actions or recommendations agreed upon by 
the committee can be implemented. Similarly, develop
ment and understanding of a conflict resolution proc
ess is essential.

(5) Members should be open-minded and remain 
flexible in their positions to ensure win-win resolution 
of issues.
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Resource Protection Through Maryland
Licensing Requirements

Sandra Shaw Patty, John L. Magistro, and Sandra Collins

In Maryland, electric utilities must obtain a Certificate of Public Convenience and Necessity 
(CPCN) from the Maryland Public Service Commission before constructing new transmission lines 
greater than 69,000 volts. Maryland's Power Plant Research Program (PPRP) within the Depart
ment of Natural Resources coordinates the interagency reviews of CPCN applications and devel
opment of conditions issued with the CPCN that minimize effects to the State's resources. PPRP 
recently evaluated the effectiveness of the CPCN conditions issued in Maryland for minimizing 
environmental impacts associated with the construction, maintenance and operation of transmis
sion lines. Conditions were grouped into four main categories: (1) right-of-way clearing and 
transmission line construction; (2) erosion and sediment control; (3) right-of-way maintenance; and 
(4) protection of waterways and wetlands. Many general conditions are part of the utility's 
standard operating practices. Specific conditions provided additional protection to sensitive re
source areas on a case-by-case basis. Results of the site inspections indicate that the conditions have 
effectively minimized environmental impacts associated with the construction, operation and 
maintenance of transmission line rights-of-way in Maryland. The utilities have also incorporated a 
variety of voluntary measures to restore and enhance environmental conditions within and adja
cent to the transmission corridors.

Keywords: Maryland, transmission line, right-of-way, construction, maintenance, environmental 
protection, environmental stewardship, wildlife habitat

INTRODUCTION

Electric utilities in Maryland must obtain a Certificate 
of Public Convenience and Necessity (CPCN) from the 
Maryland Public Service Commission (PSC) before con
structing a new transmission line. When granting a 
CPCN for a new transmission line, the PSC includes 
conditions recommended by the Maryland Departments 
of Natural Resources, Agriculture, Environment, Trans
portation, and Business and Economic Development, the 
Office of Planning and the Energy Administration. The 
Department of Natural Resources, Power Plant Research 
Program (PPRP) coordinates the State's review of trans
mission line projects and the development of measures 
recommended to minimize adverse effects to the 
State's natural and socioeconomic resources. The 
CPCN conditions recommended by these State agen
cies have evolved over the past twenty years to reflect 
the increased understanding of potential environ
mental impacts resulting from construction and opera

tion of transmission lines, changes in environmental 
legislation, and changes in public concern over the 
construction and operation of transmission lines.

PPRP recently examined the CPCN conditions is
sued for transmission line projects in Maryland. This 
study was undertaken as part of PPRP's efforts to pro
mote a natural resources stewardship within Mary
land's electric utility industry consistent with the 
statewide goals and objectives established by DNR. 
The objective of this review was to evaluate the effec
tiveness of the conditions in minimizing potential envi
ronmental impacts associated with the construction, 
maintenance and operation of transmission lines. This 
paper presents the results of this study.

METHODS

We prepared a summary matrix of all CPCN condi
tions issued for transmission line cases certified since
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Table 1. Transmission lines selected for evaluation of CPCN conditions

PSC 
case no.

Project name Electric utility Size
(kV)

Length
(km)

Proposed 
order date

Geographic setting

8430 Easton-Steele Delmarva Power and Light 
Company

138 38.6 2-3-92 Coastal Plain (rural)

8282 Cecil-Colora Delmarva Power and Light 
Company

230 24.9 5-9-91 Coastal Plain 
(rural / suburban)

8255 Finksburg-Westminster Baltimore Gas and Electric 
Company

115 15.8 1-9-91 Piedmont (rural/suburban)

8158 Messick Road-Cumberland- 
Marlow

Allegheny Power Systems 138 2 . 1 5-9-89 Allegheny Plateau 
(rural/suburban)

7977 Northwest-White Rock Baltimore Gas and Electric 
Company

115 18.5 12-24-86 Piedmont (rural/suburban)

7833 Black Oak-Fort Ashby Allegheny Power Systems 138 1.4 9-25-84 Allegheny Plateau (rural)

7498 Montgomery-Damascus-Mt.
Airy

Allegheny Power Systems 230 23.2 8-5-82 Allegheny Plateau 
(rural/suburban)

7461 Waugh Chapel-Marriott Flill Baltimore Gas and Electric 
Company

115 19.6 6-30-81 Coastal Plain 
(rural/suburban)

7004 Brighton-High Ridge Potomac Electric and Power 
Company

500 16.9 4-6-79 Piedmont (rural/suburban)

1979. For this paper, we selected those conditions that 
could be evaluated during a site visit, such as right-of- 
way construction and design (access roads, pole location, 
pole height, span length, and pole placement techniques); 
right-of-way maintenance (selective vegetation man
agement, establishment and maintenance of stream, 
wetland, and roadside buffers); erosion and sediment 
control measures (leaving roots and stumps during 
right-of-way clearing and the establishment of native 
ground cover); and protection of waterways and wet
lands (expanded buffer zones, avoidance and minimiza
tion measures). Using the summary matrix we identified 
conditions common to all projects and those that were 
unique to a specific project or environmental setting.

Once we had selected the conditions to be evaluated, 
we identified transmission lines for the site visits. Indi
vidual transmission line projects were selected to rep
resent (1) all applicable CPCN conditions; (2) the 
various environmental settings found in Maryland 
(e.g.. Coastal Plain, Piedmont and Appalachian Plateau 
provinces; rural, suburban and urban land uses); and 
(3) a range of old and new projects so that construction 
and maintenance impacts could be assessed over time. 
The four electric utilities included in the study were 
Allegheny Power Systems (APS), Baltimore Gas and 
Electric Company (BGE), Delmarva Power and Light 
Company (Delmarva) and Potomac Electric Power 
Company (PEPCO). Table 1 provides a summary of the 
nine transmission lines selected for field investigations. 
Figure 1 presents the general location of each transmis
sion line.

The purpose of the transmission line site visits was 
to assess the efficacy of the conditions in minimizing 
environmental impacts, and record general observa
tions on the transmission lines. We determined the 
effectiveness of each condition based on direct field 
observations, e.g., evidence of erosion and sediment 
deposition, vegetation establishment along the right- 
of-way, presence of vegetated buffers, and location of 
poles and/or access roads outside of sensitive areas. 
Additional information obtained from the utility com
panies during the site visits included (1) problems or 
difficulties experienced in implementing the condi
tions, (2) observations made during the implementa
tion of the conditions, (3) suggestions on alternatives 
that would have resulted in the same level of environ
mental protection but at a lower cost to the utility, and 
(4) voluntary measures implemented by the utilities 
during line construction and maintenance.

Following completion of the field investigations, we 
summarized the observations and findings to deter
mine the overall success of the CPCN conditions in 
minimizing environmental impacts. The following sec
tion presents this summary and the experiences of the 
utility companies in complying with these conditions.

RESULTS AND DISCUSSION

Those CPCN conditions that could be evaluated dur
ing a site visit were grouped into four main categories; 
(1) right-of-way clearing and construction; (2) erosion
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Fig. 1. Location of transmission lines selected for evaluation of CPCN conditions in Maryland. For key, see Table 2.

Table 2. Key to Fig. 1

Key Utility company PSC case 
no.

Line length 
(km)

Line size 
(kv)

1 Delmarva Power 8430 38.6 138
2 Delmarva Power 8282 24.9 230
3 Baltimore Gas & 

Electric
8255 15.8 115

4 Allegheny Power 8158 2 . 1 138
5 Baltimore Gas & 

Electric
7977 18.5 115

6 Allegheny Power 7833 1.4 138
7 Allegheny Power 7498 23.2 230
8 Baltimore Gas & 

Electric
7461 19.6 115

9 Potomac Electric 
Power

7004 16.9 500

and sediment control; (3) right-of-way maintenance; 
and (4) protection of waterways and wetlands. Obser
vations on the effectiveness of the general conditions, 
as well as examples of site-specific conditions observed 
during the field inspections are provided below.

Right-of-way clearing and transmission line 
construction
General right-of-way clearing and transmission line 
construction conditions common to all projects in
cluded leaving roots and stumps in place during initial 
clearing; collocating with existing road, railway and 
transmission line rights-of-way where possible to mini
mize vegetation removal; increasing pole heights at

stream crossings to minimize removal of riparian vege
tation; and avoiding placing poles in waterways and 
wetlands. The site inspections indicate that the utility 
companies have complied with the CPCN require
ments and that these general conditions are effective in 
minimizing impacts to the environment.

Conditions specific to each project were also found 
to be effective. For example, specific CPCN conditions 
issued for construction of Delmarva's Easton to Steele 
line (PSC Case #8430) limit the right-of-way width 
within Tuckahoe State Park. The easement that the 
State and Delmarva negotiated for Delmarva's existing 
69 kV line did not permit an increase in the right-of- 
way width. Therefore, in order to use the existing right- 
of-way through the park, Delmarva chose to replace 
the existing 69 kV H-frame poles with two side-by- 
side, single poles, one for the existing 69 kV line and 
one for the new 138 kV line. No evidence of additional 
right-of-way disturbance was observed during the site 
visit. This condition was successful in minimizing im
pacts within the State Park because no additional right- 
of-way clearing was necessary.

In general, the utilities have not experienced diffi
culties in implementing the CPCN conditions. How
ever, one exception was noted along PEPCO's Brighton 
to High Ridge line (PSC Case Number 7004). A specific 
condition required PEPCO to avoid access road cross
ings through the Little Patuxent River. In order to com
ply with this condition and still have access to poles 
adjacent to the Little Patuxent River, PEPCO's only 
option was to construct a permanent access road on 
steeply sloping terrain in an area with relatively unsta
ble soils. During the site visit, PEPCO indicated that
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they have had periodic erosion and washout problems 
along portions of the access road. The utility has imple
mented a number of road stabilization and drainage 
improvement projects in this area to minimize future 
erosion problems. Although this condition successfully 
avoided crossing the Little Patuxent River the prob
lems associated with the road instability increased the 
potential for periodic sediment loading into the Little 
Patuxent River and subsequent repair/maintenance 
costs for the utility.

Erosion and sediment control
General erosion and sediment control conditions, such 
as re-seeding exposed soils following construction and 
leaving roots and stumps in place during initial line 
clearing, are standard practices among Maryland elec
tric utility companies included in this study. No ero
sion or sediment problems were observed during the 
site inspections. Re-planting and re-seeding efforts 
have effectively minimized line clearing impacts. The 
site inspections indicate that these general conditions 
are effective in minimizing erosion and sedimentation 
problems.

Specific erosion and sediment control conditions 
were issued for the portion of BGE's Waugh Chapel to 
Marriott Hill line (PSC Case Number 7461) within the 
North River drainage basin, which provides important 
habitat for migratory fish. The conditions limited con
struction in the North River to 1 June through 1 Octo
ber (i.e., non-migrating and non-spawning period), 
and specified fhat vegetation had to be retained or 
replaced at stream crossing points to minimize erosion

and sedimentation damage to fish eggs and larvae. No 
erosion or sediment problems were observed within 
this area during the site inspection, indicating that 
these conditions have effectively minimized impacts to 
stream habitat. In addition to the CPCN requirements, 
BGE has taken voluntary steps to further minimize 
erosion potential. BGE maintains raised, horizontal 
berms along the steep portions of its access roads to 
slow down the movement of surface runoff and mini
mize potential erosion and siltation problems. BGE 
also maintains an expanded vegetative buffer in 
steeply sloped areas within the drainage basin by tak
ing advantage of the pronounced topographic relief to 
increase pole span length and conductor height. This 
provides further stabilization of soils and reduces po
tential run-off problems.

Right-of-way maintenance
Observations made during the site inspections indicate 
that the general right of way and maintenance condi
tions have proven effective in minimizing adverse im
pacts to natural habitat. These conditions require the 
use of selective clearing and maintenance along each of 
the rights-of-way, but do not specify what methods 
should be used. This allows the utilities to adapt their 
right-of-way management practices to the various 
physical and biological parameters present within each 
geographic area. All of the utilities that participated in 
the study practice some form of selective vegetation 
maintenance (Fig. 2). Although their management ap
proach differs, the goals and objectives are similar—to 
use selective vegetation management to ensure line

Fig. 2. Examples of selective vegetation maintenance practices; (a) Delmarva maintains a stable shrub community through 
selective hand clearing and selective chemical spraying; (b) BGE uses infrequent, specified mowing to maintain a stable meadow 
community; (c) PEPCO selectively removes fast growing vegetation where necessary to maintain a stable shrub community; (d) 

APS uses selective spraying with limited cutting to maintain a stable low growing shrub community.
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access and line integrity while improving right-of-way 
habitat, specifically, plant species and plant structural 
diversity. A discussion of each of the utilities' vegeta
tion management strategies is presented in the follow
ing paragraphs.

Delmarva's Maryland service area is in the Lower 
Coastal Plain Province of Maryland's Eastern Shore. 
This area is predominantly rural, with sandy soils and 
relatively flat to gently rolling topography. Delmarva 
uses selective hand clearing and selective chemical 
spraying for all transmission line maintenance to pro
mote the development of a stable shrub-scrub plant 
community. The Lower Coastal Plain's fertile soils, 
relatively mild temperatures and long growing season 
promote rapid re-vegetation of disturbed areas and 
development of the preferred plant community. The 
Lower Coastal Plain also contains vast areas of tidal 
and non-tidal emergent wetlands which may cause line 
access and maintenance problems. Delmarva uses aer
ial spraying in these remote areas to control the growth 
of undesirable emergent wetland species such as the 
common reed {Phragmites sp.) and encourage growth 
of native species.

BGE's Maryland service area covers portions of the 
Upper Coastal Plain, Fall Zone and Piedmont prov
inces. Topography varies from relatively flat to gently 
rolling in the Coastal Plain, to moderately and steeply 
sloping in the Fall Zone and Piedmont provinces. The 
Baltimore-Washington metropolitan corridor is within 
this service area and much of the land has been con
verted from agricultural use to urban and suburban 
use. In densely populated areas, BGE uses adaptive 
management. In some circumstances, BGE mows the 
entire right-of-way on a regular basis to blend in with 
the surrounding residential landscapes. However, 
along some of the less developed portions of its rights- 
of-way observed during this study, BGE practices in
frequent, specified mowing. The goal of the specified 
mowing is to promote a stable meadow community 
dominated by native herbaceous species. This goal is 
accomplished by adjusting mowing schedules to late- 
summer and fall to prevent trees and shrubs from 
taking over the meadowlands while avoiding both the 
reproductive period for target plant species and wild
life nesting periods. BGE also mows selected strips to 
allow the growth of low growing and slow growing 
shrub species, such as flowering dogwood and American 
holly, within portions of the right-of-way to provide 
structural diversity and foraging habitat for wildlife.

PEPCO's Maryland transmission lines are located in 
the densely populated urban and suburban areas 
within the Upper Coastal Plain, Fall Zone and Pied
mont provinces. PEPCO also regularly mows the entire 
right-of-way in densely populated areas. Along the less 
developed portions of its lines, PEPCO typically mows 
only the access road and, when necessary, selectively 
removes fast growing vegetation to maintain a more 
"natural" vegetative state along the right-of-way.

The APS service area in Maryland includes portions 
of the Piedmont, Blue Ridge, Valley and Ridge and 
Appalachian Plateau provinces. These areas are mod
erately to steeply sloping, and are either forested or 
used for agriculture. APS uses selective maintenance, 
primarily spraying with limited cutting, for their trans
mission lines. The current vegetation management 
strategy is to promote establishment of a stable com
munity of low-growing shrub species within the right- 
of-way. In order to minimize potential erosion 
problems along its rights-of-way, APS re-seeds all dis
turbed areas with a five-seed mixture of fast-growing 
species: orchard grass, timothy, perermial rye, annual 
rye, and spring or winter wheat (depending on the time 
of year) which stabilize the soils until the low-growing 
shrub community becomes established.

One right-of-way maintenance condition, the topping 
of trees, though effective, may require imsafe utility op
erations. A CPCN condition associated with PEPCO's 
Brighton to High Ridge line (PSC Case Number 7004) 
specifies selective removal and topping of trees in en
vironmentally sensitive areas along the Patuxent River. 
During our site inspection, PEPCO indicated that al
though they are currently adhering to the CPCN con
ditions, the current tree topping strategy poses a 
hazard to work crews due to tree rot and subsequent 
tree instability. As an alternative, PEPCO suggests us
ing a tree height threshold where PEPCO would selec
tively remove trees greater than 12.2 m (40 ft) in height. 
PEPCO suggests coordinating this selective clearing 
practice with the appropriate resource agencies to inven
tory existing tree species composition and structure, and 
develop a management practice that maintains a desir
able species composition and distribution.

Another right-of-way vegetation management con
dition related to selective herbicide use, may unduly 
restrict the implementation options of the utility. A 
condition for APS' Montgomery to Damascus to Mt. 
Airy line (PSC Case Number 7498) restricts the use of 
herbicides within the right-of-way to selective basal 
spraying. APS typically uses selective, low volume fo
liar spraying to control fast-growing woody species 
along its rights-of-way. APS indicates that foliar spray
ing is a more cost-effective and ecologically viable ap
proach for controlling nuisance species within its 
service area. Conditions that prescribe specific vegeta
tion management techniques should be reevaluated in 
future transmission line cases because they do not al
low the utility the flexibility to use measures that work 
best for them and still protect the environment, nor do 
they allow for future improvements in management 
techniques.

Protection of waterways and wetlands
General CPCN conditions designed to protect water
ways and wetlands place limitations on the type of 
work and clearing allowed in and near waterways, 
limit vehicle traffic, restrict clearing and stockpiling of
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Fig. 3. Delmarva's use of the vibrating can foundation for transmission line pole foundation construction in: (a) unstable soils 
with high water tables such as the emergent wetland area adjacent to the Choptank River; and (b) in sandy soils where minimal

foundation footprint disturbance was required by the property owner.

materials in wetlands, and specify that placing poles 
within these sensitive areas should be avoided. The 
general conditions evaluated during the site visits have 
proven effective.

Specific CPCN requirements for Delmarva's Easton 
to Steele line in the Lower Coastal Plain (PSC Case 
Number 8430) limit the extent of disturbance to wet
lands. In order to minimize construction impacts to 
wetlands, Delmarva installed foundations using a "vi
brating can" method for transmission line pole con
struction in portions of the right-of-way. This method 
involves driving a three to six foot diameter, hollow, 
steel can, 15 to 40 feet into the ground using a vibratory 
hammer suspended from a crane. It reduces ground 
disturbance and can often be used in soil conditions 
unsuitable for typical pole placements, such as unsta
ble sandy soils or soils with high water tables. One 
particularly sensitive area along the line was an emer
gent tidal wetland next to the Choptank River. Due to 
the distance between upland areas, lack of topographic 
relief and road and bridge obstructions, Deknarva was 
not able to span the wetland area. Delmarva used the 
\ ibrating can method from the highway bridge to place 
the pole foundation at a depth of 12.2 m (40 ft) without 
impacting the surrounding wetland areas (Fig. 3a). 
Delmarva was also able to use this approach in sandy 
upland soils where a minimal foundation footprint 
was required (Fig. 3b).

Voluntary environmental enhancement measures
In addition to complying with the CPCN conditions, 
the utilities have implemented a number of voluntary 
measures to restore and enhance environmental condi

tions within their transmission line rights-of-way. One 
example involved the restoration of fish habitat in Lit
tle Elk Creek. Philadelphia Electric Company, whose 
subsidiary Conowingo Power was the original builder 
and owner of Delmarva's Cecil to Colora transmission 
line (PSC Case Number 8282), and the State of Mary
land, removed an abandoned railroad bridge from Lit
tle Elk Creek during construction of the Cecil to Colora 
transmission line (Fig. 4). Flotsam had collected at the 
bridge pilings and obstructed the natural stream flow. 
The diverted stream was cutting into the soft stream 
bank and causing localized erosion and subsequent 
siltation problems downstream of the obstruction. To 
mitigate this problem, the bridge pilings were cut at the 
substrate surface to reduce flow obstruction and to 
restore the natural stream channel dynamics. The 
floodplain area around the former bridge location is 
now well vegetated and more "natural" stream flow 
patterns have been restored. An oxbow channel and a 
vegetated sand bar area have developed within the 
former stream channel, providing additional structural 
diversity for aquatic and terrestrial species.

Delmarva has implemented a voluntary, system- 
wide management strategy to promote increase bird 
breeding opportunities along its rights-of-way. Del
marva has installed approximately 450 bird boxes for 
bluebird, owl and kestrel along many of its lines and 
substations. Company volunteers install and monitor 
the nest boxes, which are obtained from a non-profit 
work/leaming program for developmentally disabled 
adults. Delmarva also monitors its transmission and 
distribution lines to identify existing or potential os
prey nesting sites. Delmarva has successfully relocated
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Fig. 4. (a) An abandoned railroad bridge blocked Little Elk 
Creek causing local flooding and restricting fish passage; (b) 
Conowingo Power (now part of Delmarva) and the State of 
Maryland removed the bridge during construction of the 
Cecil to Colora line; (c) the creek now flows freely and riparian 

vegetation has been restored.

35 osprey nests on their transmission and distribution 
lines to ensure line reliability (minimize potential im
pacts for line outages) as well as the safety of the birds.

PEPCO voluntarily reduced the right-of-way width 
from 200 to 150 feet along the Brighton to High Ridge 
line (PSC Case Number 7004) by switching to an alter
nate pole configuration. This reduction in right-of-way 
width provided several economic and environmental 
benefits: reduction in costs to purchase or lease the 
right-of-way lands; reduction in line maintenance 
costs; reduction in vegetation disturbance associated 
with initial line clearing; and reduction in the extent of 
tree trimming and tree topping. PEPCO further notes 
that the alternate pole configuration has reduced elec
tromagnetic field (EMP) generation.

APS has implemented an education/public out
reach program within residential areas adjacent to the 
Montgomery to Damascus to Mt. Airy (PSC Case 
Number 7498) right-of-way. Many homeowners con
sider the adjacent right-of-way to be an extension of 
their backyard and routinely plant trees within these 
open areas. In response to this potential maintenance 
problem, APS distributes brochures to homeowners 
identifying trees that are aesthetically pleasing and 
compatible with the utility's right-of-way vegetation

management strategies. APS has also implemented a 
tree planting program to replace undesirable, fast- 
growing trees with low growing shrub species at no 
cost to the adjacent homeowners.

BGE is currently working with the US Pish and 
Wildlife Service (FWS) on a butterfly habitat manage
ment study along a portion of the Waugh Chapel to 
Marriott Hill right-of-way (PSC Case Number 7461). 
The FWS is conducting species surveys, and identify
ing egg laying and feeding habitats within the right-of- 
way. BGE is coordinating their specified mowing 
activities with the FWS and adjusting mowing sched
ules to maintain and/or expand suitable meadow habi
tat, and to protect butterflies, within this portion of the 
right-of-way. BGE has also developed a Meadowland 
Habitat Management Program in cooperation with 
DNR to create meadowlands and shrub communities 
on some of its right-of-way through native grass and 
wildflower plantings, cyclical mowing, and selective 
herbicide application.

SUMMARY AND CONCLUSIONS

The majority of the CPGN conditions are effective in 
minimizing environmental impacts associated with the 
construction, operation and maintenance of transmis
sion line rights-of-way in Maryland. Many of the 
CPCN conditions were common to all transmission 
line cases and are part of the utilities' standard operat
ing practices. For example, specific sediment and ero
sion control measures are typically included in the 
erosion and sediment control plans required by the 
county prior to granting a construction and/or grading 
permit. Many of the conditions specified for right-of- 
way clearing and design, such as location of access 
points and pole structure placement to avoid sensitive 
areas, are incorporated into the project during the sit
ing phase in response to regulatory concerns. Selective 
vegetation management is the standard right-of-way 
maintenance practice for the Maryland utilities who 
participated in the survey. Although the management 
approach is slightly different among each of the utili
ties, they all strive to ensure line access and line integ
rity while improving overall wildlife habitat.

A few of the CPCN conditions were found to be too 
inflexible for future transmission line cases. For exam
ple, restricting the use of herbicides to specific types or 
manufacturers does not allow for future improvements 
in management techniques. A restriction on access 
roads to protect water quality in the Little Patuxent 
River required the utility to construct a permanent 
access road on steeply sloping terrain in an area with 
relatively unstable soils adjacent to the river. The utility 
has implemented a number of road stabilization and 
drainage improvement projects to correct periodic ero
sion problems in this area. In this instance the State did 
not adequately assess the potential alternative effects
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associated with tryiiag to avoid wetland impacts. The 
condition specifying selective tree removal and topping 
to maintain the existing vegetative community at stream 
crossings may have been too restrictive in the measures 
to be used. Although the utilities have successfully imple
mented selective removal and tree topping in sensitive 
areas, tree topping can pose a safety hazard to work crews 
due to tree instability. Using a tree height threshold, e.g., 
selectively removing trees greater than 12.2 m (40 ft) in 
height, in these areas may provide the same level of 
species diversity and habitat value, while at the same 
time, minimizing hazards to work crews.

Each of the utilities surveyed have also iircorporated 
a variety of voluntary measures into construction and 
management of their rights-of-way. These measures 
are designed to restore and enhance environmental 
conditions within and adjacent to the right-of-way cor
ridors. These voluntary measures, in combination with 
the CPCN conditions, have proven successful in 
PPKP's efforts to promote a natural resources steward
ship ethic while allowing Maryland's electric utilities 
to expand their transmission systems.
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Methods of Overhead Transmission Line 
Construction and Prevention of Disturbance 

to the Archaeological Record: An Example 
from the Pennsylvania Piedmont

Daniel G. Roberts

A multi-phased archaeological survey in southeastern Pennsylvania in association with PECO 
Energy's (formerly Philadelphia Electric Company) design of new overhead transmission lines 
provided an opportunity to observe the relationships between various transmission line construc
tion practices and associated disturbance to archaeological sites. In this paper, various types of 
overhead transmission line support structures constructed by PECO Energy and their generalized 
construction methods are presented, followed by a discussion of the potential disturbances to 
archaeological sites found in Pennsylvania's Piedmont soils attributable to those structures and 
methods. Such disturbances are evaluated in terms of soil disturbance and archaeological data loss 
potentially resulting from the various construction methods. It is intended that this evaluation will 
be of some benefit to members of the electric utility industry involved in future efforts with regard 
to archaeological resources planning.

Keywords: Direct and secondary effects; artifact exposure, breakage, and displacement; lattice 
structure; tubular steel pole; clearing and selective thinning; access roads; coring and blasting; 
uprooting of stumps; counterpoise system; ballast rock

INTRODUCTION

Rapidly expanding energy requirements spurred by 
explosive population growth and concomitant indus
trial, commercial, and residential development have 
recently created the need for considerably expanded 
electrical power service in many parts of the country. 
As a result, many new or expanded generating facili
ties are currently being planned, are now under con
struction, or are already in operation. Many of these 
facilities require new or upgraded transmission lines in 
order to provide the expanded services necessitated by 
burgeoning regional development. One such facility 
requiring upgraded lines in the 1980s was the Limerick 
Nuclear Generating Station, owned and operated by 
PECO Energy (PECO) and located on the left bank of 
the Schuylkill River in Montgomery County, Pennsyl
vania. Some segments of the required Limerick trans
mission lines were slated for new rights-of-way, but 
the majority were designed to replace existing trans

mission lines as part of the overall upgrading of electri
cal power service.

As part of the environmental permitting process of 
the Nuclear Regulatory Commission (NRC), approxi
mately 62 miles of transmission line right-of-way in the 
vicinity of the Lower Schuylkill River were surveyed 
for archaeological sites (Phase I), numerous support 
structure and temporary access road locations were 
subjected to archaeological evaluation (Phase II), and 
archaeological data recoveries (Phase III) were com
pleted at three significant sites that could not be 
avoided by construction. Although none of the archae
ological results of that work are presented in this paper, 
such results can be found in six reports (Zatz 1984; 
Zatz, Joire, and Hoffman 1984a, 1984b; Zatz, Joire, 
Hoffman, and Rast 1985; Zatz, Robertson, and Stroth
ers 1989; Kingsley, Robertson, and Roberts 1990) sub
mitted to PECO and on file at the Permsylvania State 
Historic Preservation Office in Harrisburg. One of 
these reports (Kingsley, Robertson, and Roberts 1990)
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summarizes in a synthetic fashion the current body of 
knowledge pertaiiaing to the prehistoric archaeological 
record of the Lower Schuylkill Valley. Instead, the fo
cus of this paper is on the opportunity provided during 
the course of this study to observe the relationships 
between various transmission line construction prac
tices, potential disturbance to the archaeological record 
in Pennsylvania's Piedmont, and the prevention of 
such disturbance.

PREVIOUS RELATED STUDIES

Numerous studies have been conducted on the effects 
that various logging techniques impart to soil structure 
(Garrison and Rummell 1951; Steinbrenner and Gessel 
1955; Dymess 1965; Fredriksen 1970; Froehlich 1976), 
water resources (Brown 1975; Patric 1976), and vegeta
tion (Ruth 1967; Klock 1975). All of these studies were 
undertaken in the context of forest-related logging en
terprises, with particular emphasis on soil disturbance 
and resultant loss. None explicitly address effects to 
archaeological sites and, indeed, this type of study is 
conspicuously rare in the archaeological literature. No
table exceptions, however, include DeBloois, Green, 
and Wylie's (1975) investigation of the effects of pin- 
yon-juniper chaining methods on archaeological sites 
in the desert southwest, and Gallagher's (1978) study 
that measured the effects of scarification techniques 
(ground preparation for replanting) on archaeological 
sites in the Sawtooth National Forest of south-central 
Idaho.

Of particular significance to the present study, how
ever, is the 1965 work of C. T. Dyrness, who studied 
and classified the nature and extent of soil disturbance 
as a result of tractor and high lead logging in the Ore
gon Cascades. Moreover, the work of Bryant, Gehr, 
and Flenniken (1982) is also highly relevant to the pre
sent study. Bryant, Gehr, and Flenniken's study also 
evaluated the effects of the same two logging tech
niques studied by Dyrness (that is, tractor over bare 
ground and high lead cabling) but instead of focusing 
solely on soil disturbance, Bryant and his associates 
addressed the nature and extent of archaeological data 
loss resulting from those techniques.

Bryant, Gehr, and Flenniken (1982) identified four 
environmental factors that typically affect the nature 
and extent of surface disturbance. These factors include 
degree of slope, soil moisture content, soil type, and 
type of understory vegetation. In general, Bryant and 
his associates found that the first two factors are the 
most critical, in that the greater the slope and soil 
moisture content, the greater will be the effects to the 
soil surface resulting from disturbance activity. In this 
regard, Dyrness (1965) irotes that disturbance is consid
erably less during dry conditions when soil moisture 
content is low. Bryant, Gehr, and Flermiken (1982) also 
identify two principal types of disturbance, including

immediate direct effects (such as plowing and soil dis
placement), and delayed or secondary effects (such as 
loss of soil permeability, resulting in increased ero
sion). Bryant, Gehr, and Flenniken (1982) further point 
out that direct effects by such agents as tractors or 
plows normally result in the occurrence of one or more 
of the following three classes of data loss from an 
archaeological site:

Class 1. Artifact breakage and/or modification;
Class 2. Artifact displacement, resulting in alteration 

of contextual associations with soil strata and cultural 
features; and.

Class 3. Exposure of artifacts on the surface, result
ing in eventual artifact loss.

Of these classes of archaeological data loss, Bryant, 
Gehr, and Flenniken (1982) consider Class 1 (artifact 
breakage) to result in the least amount of data loss. 
Class 3 (artifact exposure) to result in an intermediate 
loss of data, and Class 2 (artifact displacement) to result 
in the greatest data loss.

Although not explicitly concerned with archaeologi
cal sites, Dymess (1965) established four classes of soil 
disturbance that are nevertheless quite useful when 
evaluated in conjunction with Bryant, Gehr, and Flen
niken's (1982) three classes of archaeological site dis
turbances. Dyrness' (1965) soil disturbance classes 
include the following:

Class 1. Undisturbed: litter still in place with no 
evidence of disturbance;

Class 2. Slightly Disturbed: litter partially removed 
and undisturbed mineral soil exposed, with litter and 
mineral soil intermixed at approximately 50 percent of 
each;

Class 3. Deeply Disturbed: surface soil removed and 
subsoil exposed, soil surface seldom covered by litter.

Class 4. Compacted: obvious soil compaction 
caused by heavy equipment.

With regard to the relative effects to archaeological 
sites near the ground surface, Bryant, Gehr, and Flen
niken (1982) point out that Dyrness' Class 2 and 3 soil 
profiles (i.e., slightly and deeply disturbed) are the 
most detrimental, with both normally resulting in se
vere direct effect. Although Dyrness' Class 4 distur
bance (i.e., compaction) may result in the direct effect 
of artifact breakage, its most prevalent type of effect is 
secondary. That is, compaction normally produces 
much lower soil permeability, thus resulting in the 
secondary effect of erosion and run-off and, perhaps, 
ultimate artifact displacement and/or loss.

In the sections that follow, techniques utilized in 
constructing overhead transmission lines are evalu
ated in relation to the classes of soil disturbance set 
forth by Dyrness (1965) and the classes of archaeologi
cal data loss defined by Bryant, Gehr, and Flenniken 
(1982). It is intended that this analysis will be of some 
benefit to the utility industry, and archaeologists serv
ing as consultants to the utility industry, in future plan
ning efforts with regard to archaeological resources.
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TYPES OF OVERHEAD TRANSMISSION LINE 
SUPPORT STRUCTURES

There are three types of transmission line support 
structures commonly constructed today by PECO. 
These include the lattice structure, the railroad over
build structure, and the tubular steel pole. The prede
cessor of these three support structures was the single 
or H-frame wooden pole. These poles, although still 
visible in many rural areas and still commonly con
structed in parts of the western United States (Nick 
Chevancee and John Bridges, Western Area Power Ad
ministration, personal communication, 1997) are rarely 
newly constructed by PECO, primarily because they 
do not provide sufficient support for PECO's high volt
age needs (Peter Cava, PECO Energy, personal com
munication 1985).

Lattice-type support structures occur in various spe
cific shapes and sizes but, in general, aU are supported 
by four inverted stub-angle pyramids of galvanized 
steel, each in turn supported by a concrete foundation 
(PECO 5-7080-D 1986). The lattice structures are nor
mally constructed of aluminum, not galvanized steel, 
and can be pre-assembled in sections either off- or 
on-site. Although varying in height, depending on spe
cific transmission requirements and localized topo
graphic conditions, most lattice structures are between 
19.8 and 30.5 m (65 and 100 ft) tall.

The railroad overbuild structure is normally em
ployed in situations where a support structure is required 
along a currently occupied railroad right-of-way or if 
joint use of an extant railroad structure is desirable (PECO 
1968). This structure normally has only two support col
umns of single-beam galvanized steel construction. Like 
the lattice-type structure, the railroad overbuild structure 
is also supported by concrete footings. Again, the height 
of a typical railroad overbuild structure varies according 
to specific conditions, but structures as tall as 33.5 m (110 
ft) are not uncommon.

The final type of support structure is the tubular 
steel pole. Tubular steel poles are manufactured in 
sections and, although they can be pre-assembled else
where (PECO 5-7080-E 1986), they are normally assem
bled on-site. Unlike the lattice or railroad overbuild 
structures, the tubular steel pole normally requires only a 
siirgle concrete footing. The tubular steel pole can be 
considered the modern-day analog to the old single 
wooden pole, although it is not necessarily the cheap
est support structure to build. Occasionally, tubular 
steel poles are placed m multiple-pole configurations, 
such as in a three pole deadend structure. Tubular steel 
poles are generally taller than lattice-type structures, 
frequently attaining heights of 35.1 m (115 ft) or more.

The spacing of support structures across the land
scape, no matter which type is erected, is largely depend
ent on local topographic and demographic conditions, as 
well as conductor size. However, the general rule of 
thumb for PECO is to erect as few structures as possible

and still have a serviceable and safe line. This goal is in 
accordance with PECO's (1968) written policy which 
states that a primary goal is "to provide right-of-way 
which is pleasing in appearance and as unobtrusive as 
possible, without jeopardizing the high reliability inher
ent in the Electric Company's transmission system." In 
order to accomplish this goal, the location and spacing of 
structures may vary greatly by consideration of several 
factors, including the avoidance of structure locations on 
hilltops, the utilization of railroad or limited access high
way rights-of-way, the erection of structures at the 
edge of a wooded area rather than in it, and the utiliza
tion of shorter spans and lower structures if structure 
height is a distinct visual detriment (PECO 1968). Im
portantly, effects to archaeological sites can frequently 
be avoided within the rather wide latitude afforded by 
support structure location requirements (Weir 1986; 
Gilbert/Commonwealth 1988). In short, the spacing of 
transmission line structures is accomplished by careful 
planning and design tailored to each topographic, 
demographic, visual, and/or cultural situation, and 
not by a rigid incremented spacing pattern.

METHODS AND TECHNIQUES OF CONSTRUCTION

In general, four aspects of transmission line construc
tion can potentially affect the integrity of archaeologi
cal sites. These four include (a) clearing and selective 
thinning of right-of-way, (b) construction of access 
roads, (c) coring and blasting (when necessary) for 
concrete footings, and (d) installation of a counterpoise 
system. Each is discussed below.

Clearing and selective thinning of right-of-way
In keeping with PECO's (1968) policy of creating right- 
of-way which is "...pleasing in appearance and as un
obtrusive as possible...", vegetational clearing is 
normally kept to a minimum, as long as the safety and 
reliability of the transmission facility is not compro
mised. Thus, wherever possible, a policy of "selective 
thinning" is followed. This practice entails the selective 
removal of shrubs and brush comprising the under
story, as well as the thinning of "danger trees". Danger 
trees are defined as

Any tree or shrub which, in whole or in part, 
exists or grows within the 'danger zone' with 
respect to power line safety. Where most of the 
tree falls within the danger zone, the tree shall be 
removed (PECO 1968).

This practice normally results in less than total clear
ing of vegetation. Although the width of the "danger 
zone" is not specified in PECO's policy, it has a direct 
relationship to the height and voltage of the transmis
sion line vis a vis the height and proximity of the vege
tation. Total clearing of vegetation (i.e. clear-cutting), 
however, is sometimes required along portions of a
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right-of-way. Situations which normally require this 
technique include locations where additional area is 
needed for the pulling of cable, areas where woods 
and/or "danger trees" are extremely dense, and areas 
of small but dense understory growth which present 
potential fire hazards (PECO 1968).

Construction of access roads
Temporary roads for the provision of access for con
struction teams are frequently necessary. Such tempo
rary roads are limited by specification to 4.6 m (15 ft) in 
width (PECO S-7080-B1983) and, once constructed, are 
the only access roads used by construction vehicles. 
Since much of the equipment necessary for erecting 
towers is quite heavy, as are the structures themselves 
(especially if assembled off-site), the roads can be 
somewhat substantial. Accordingly, the 4.6-m (15-ft) 
wide right-of-way normally is graded to at least one 
foot below surface, with the spoil piled on either side of 
the cut, and the cut infilled with ballast rock. After the 
structures are built and the access road is no longer 
needed, the ballast rock frequently is removed and the 
spoil replaced in the roadbed (Zatz, Joire, and Hoffman 
1984a). In areas requiring direct access to the public 
road system, the access road is normally paved with 
asphalt for a minimum distance of 6.1 m (20 ft) from the 
public road (PECO 1968).

Temporary roads occasionally are required to pro
vide access across streams or creeks although, in most 
cases, alternative access from the opposite side is pos
sible. In cases where streams must be crossed, galva
nized steel corrugated pipe is laid down, covered with 
an earth and stone fill, and each stream bank is graded 
as necessary into the culvert in order to provide suffi
cient passage (PECO 5-7080-B 1983). When such roads 
spanning creeks have served their purpose for support 
structure construction, the corrugated pipe is left in 
place to aid in drainage and in case stream passage is 
needed in the future.

It should be noted that, once again, it is PECO's 
stated policy to minimize the impact of construction of 
such access roads. This is done by locating the access 
roads so as to interfere with property use as little as 
possible, and by aligning the access roads at angles 
which avoid vistas up the transmission line (PECO 
1968). Every effort is also made to use pre-existing 
access roads, farm lanes, construction staging areas, or 
other similar extant facility to gain access to support 
structure locations. However, such facilities frequently 
consist only of packed earth, and lack sufficient sub
base to allow the transport of heavy equipment and 
supplies, thereby necessitating the building of tempo
rary roads to the specifications noted above.

Coring and blasting for concrete footings
Before overhead transmission structures of any type 
can be erected, coring must be undertaken to accom
modate substantial concrete footings. In the case of

lattice support structures, four such footings are re
quired, one for each stub-angle support. Furthermore, 
two separate coring operations are required for each 
structure location, the first to drill test holes to deter
mine the presence and/or depth of bedrock, and the 
second to dig the holes for each footing. Most holes for 
footings in the southeastern Pennsylvania Piedmont 
are excavated to bedrock, but occasionally, design 
depth is reached before encountering bedrock (PECO 
S-7080-C 1986).

According to specifications, all excavated holes are 
to have vertical sides (PECO S-7080-C 1986). Although 
the diameter of the hole varies depending on the type 
of structure slated for the location (PECO S-7080-C 
1986), most of the holes excavated for fhe new Limerick 
transmission lines were between 6 and 10 feet in diame
ter (Zatz 1984; Zatz, Joire, and Hoffman 1984a; 1984b; 
Zatz, Joire, and Hoffman, and Rasf 1985; Zatz, Robert
son, and Struthers 1989). The holes are normally exca
vated using an auger drill, and the holes are then lined 
with reinforcing bar and/or corrugated or smooth steel 
casings, and filled with concrete to specification (PECO 
S-7080-C 1986).

Several ancillary activities associated with coring for 
concrete footings occasionally take place as required. 
First, small diversion ditches or swales can be built in 
order to prevent rain or surface water from accumulat
ing in the excavated hole (PECO S-7080-C 1986). Sec
ond, excavated backfill, normally consisting of "clear, 
dry, well-graded fill material," can be placed "in a 
graded embankment... in the immediate vicinity of the 
structures" (PECO S-7080-C 1986), and must be 
tamped in 61-cm (2-ft) increments. In cases where grad
ing is undertaken, final grade is required to conform as 
closely as possible to that of the surrounding area 
(PECO S-7080-C 1986). Finally, although infrequently 
required, blasting may be necessary if rock impenetra
ble with an auger drill is encountered prior to achiev
ing design depth. Such blasting is self-contained, 
however, to deeper subsurface bedrock deposits (Peter 
Cava, PECO Energy, personal communication 1986).

I n s t a l l a t i o n  o f  c o u n t e r p o i s e  s y s t e m

A counterpoise installation entails connecting copper 
wire to the support structure for purposes of grounding. 
This copper wire is installed at a minimum of 61 cm (24 
in) below grade, and connected to a wire protruding from 
the concrete foundahon. Only those support structures 
"where footing resistance measurements by the Power 
Company indicate such installations are required" 
(PECO S-7080-G 1983) are subject to counterpoise in
stallation. Although the length and pattern of a coun
terpoise system can vary, in general, such wires are 
"laid in a longitudinal direction along the line" (PECO 
S-7080-G 1983). The use of a small trencher or narrow 
blade plow is recommended for excavating to the re
quired 61 cm (24 in), and each trench must immediately 
be backfilled and tamped (PECO S-7080-G 1983).
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POTENTIAL DISTURBANCE TO THE 
ARCHAEOLOGICAL RECORD

Although the goals of the archaeological survey associ
ated with the upgrade of the Limerick transmissiorr 
lines primarily focused on the location/identification, 
evaluation, and data recovery (where necessary) of 
archaeological sites in advance of planned future con
struction, the survey also made it possible provision
ally to evaluate the types and severity of ongoing and 
prior disturbance to the archaeological record as a re
sult of support structure construction. The following 
section briefly evaluates each of the previously noted 
methods of construction vis a vis their effects to archae
ological sites, where such effects could be detected. The 
evaluation is presented in relation to Dyrness' (1965) 
four classes of soil disturbance and Bryant, Gehr, and 
Flenniken's (1982) three classes of archaeological data 
loss.

Clearing and selective thinning of right-of-way
Clearing and selective thirming of right-of-way, as pre
viously noted, is normally kept to a minimum and 
undertaken only in areas of heavy vegetational growth 
where it is not possible to route a transmission line 
elsewhere. All structure locations, however, must also 
be cleared of any vegefational impediments to their 
construction, but these areas are normally only as large 
as necessary to undertake construction in the footprint 
of the structure (PECO S-7080-B 1983). Clearing opera
tions generally require several types of activities in
cluding, as necessary, selective removal of trees and 
undergrowth, selective pruning or trimming of same, 
and stump removal. The services of a private tree clear
ing contractor is usually required who will utilize, as 
appropriate, equipment such as a truck and brush chip
per, and perhaps a rotary cutter. Much of the actual 
work, however, is undertaken by hand, using chain 
saws and other tree-cutting implements.

It is important to note that areas of actual distur
bance to the archaeological record as a result of gener
alized right-of-way clearing are frequently difficult to 
detect. Areas of total clearing, of course, can result in 
rather severe surface, and perhaps subsurface, distur
bance, since the clearing crew is required by specifica
tion to "clear and grade (emphasis added) a 4.6-m 
(15-ft) wide trail to be used as an equipment roadway 
at locations... designated on specific job specification 
and/or drawing" (PECO S-7080-B 1983). The nature 
and extent of such grading, of course, is left up to the 
contractor as required by site-specific conditions, but 
grading of any kind doubtless has the potential to 
compromise the integrity of archaeological sites, par
ticularly those near or at existing grade, such as many 
of the sites located in the shallow upland soils of the 
Pennsylvania Piedmont. Such clearing techniques nor
mally would result in Dyrness' (1965) Class 3 (deeply 
disturbed) and Class 4 (compacted) soil profiles, and

Bryant, Gehr, and Flenniken's (1982) Class 1, Class 2, 
and Class 3 archaeological data loss (i.e., artifact break
age, displacement, and exposure).

A specific clearing technique which can be detri
mental to localized areas of archaeological sites is the 
occasional practice of uprooting trees, rather than the 
normal practice of cutting them off flush with the 
ground surface. Either method is acceptable, according 
to specification (PECO S-7080-B 1983), but uprooting 
requires permission of the electric company, and in 
areas with an existing slope of 25 percent or less all 
stumps must be cut off flush with the surrounding 
grade, with uprooting not permitted. If uproofing does 
occur, the contractor is bound by specification (PECO 
S-7080-B 1983) and policy (PECO 1968) to grade and 
seed with appropriate ground cover. Such grading and 
seeding of course, has the potential of increasing the 
area of more localized archaeological disturbance pre
cipitated by the uprooting operation, and would prob
ably result in localized occurrences of Dyrness' (1965) 
Class 3 (deeply disturbed) and Class 4 (compacted) soil 
profiles, as well as Bryant, Gehr, and Flenniken's (1982) 
Class 1, 2, and 3 (i.e., artifact breakage, displacement, 
and exposure) archaeological data loss.

Physical evidence of disturbance resulting from clear
ing activities previously conducted in order to construct 
the extant Limerick transmission lines was scarce. The 
only clearing activity directly observed during the ar
chaeological investigation was the selective thinning and 
pruning operation necessary to prevent the encroach
ment of vegetafion into the "danger zone" previously 
noted and to allow for the access of equipment for new 
support structure construction. However, as noted 
above, any grading activity has some potential to com
promise the integrity of archaeological sites, particu
larly those occurring at shallow depths. For example, it 
was observed by Ranere and Hansell (1983) during a 
transmission line survey in the Pinelands of southern 
New Jersey that "the entire transect had been disturbed 
by the initial clearing of the right-of-way". However, 
the Limerick right-of-way was characterized in most 
places either by cultivated fields or low ground cover 
which had regenerated after the initial clearing in the 
early to mid-twentieth century. Moreover, most of the 
cleared rights-of-way not presently under cultivation 
had been subject to plowing at some point in the past. 
Consequently, although numerous disturbed soil pro
files were encountered during subsurface festing, 
many such profiles were attributed to historical plow
ing activities, rather than to right-of-way clearing ac
tivities undertaken by PECO.

Construction of temporary access roads
The construction of temporary access roads has the 
potential of contributing considerable disturbance to 
the archaeological record. As noted previously, the 
construction of such roads is avoided if at all possible. 
When necessary, however, a cut approximately one
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foot in depth, 4.6 n\ (15 ft) in width, and as long as 
necessary to traverse between two points, is made. 
Clearly, in a previously undisturbed area, such a road 
can seriously disturb or destroy the upper levels of 
archaeological sites extant in the right-of-way. In areas 
previously subjected to plowing, however, of which 
there were many in the project area, the potential for 
adverse effect is somewhat less since plow disturbance 
normally slightly exceeds one foot in depth. Areas such 
as previously existing farm lanes may be subject to less 
disturbance as well. Wherever access roads must cross 
streams, however, the associated laying of corrugated 
pipe and the grading of both stream banks has the 
potential to compromise archaeological sites which 
may exist in the vicinity.

The subsequent removal of ballast rock from the 
temporary access road cut, together with associated 
grading necessary to restore the area as nearly as pos
sible to its former condition, can also further disturb an 
existing archaeological site, particularly if the restora
tion process requires relatively deep grading. How
ever, it should be recalled that the intent in all aspects 
of temporary access road construction and removal is 
to do only the minimum necessary to transport heavy 
equipment over an otherwise inaccessible area. In 
many cases, in fact, temporary access roads become 
permanent additions to the landscape at the request of 
an affected landowner, so that removal and restoration 
is not undertaken.

No evidence for disturbance from the prior con
struction of access roads was observed during the 
transmission line survey. However, one access road 
was newly constructed at the location of a significant 
archaeological site, with appropriate mitigative meas
ures taken (see later comments). In general, Dymess' 
(1965) Class 2 (slightly disturbed) and Class 3 (deeply 
disturbed) soil profiles can be expected in areas where 
temporary access roads have been built, as can Bryant, 
Gehr, and Flenniken's (1982) Class 1, Class 2, and Class 
3 archaeological data loss (i.e., artifact breakage, dis
placement, and exposure).

Coring and blasting for concrete footings
The coring operations necessary to anchor overhead 
transmission line support structures, whether of the 
lattice or tubular steel pole variety, appear in many 
instances to have a very localized potential effect on the 
integrity of archaeological sites. As noted previously, 
all excavated holes are normally 1.8-3.1 m (6-10 ft) in 
diameter, have vertical walls, and are dug with an 
auger drill. As a result, there is little or no horizontal 
disturbance during the coring operation, such as oc
curs in grading or cutting. However, localized grading 
of the coring spoil, which is sometimes necessary to 
restore the immediately surrounding area to its origi
nal condition, especially if sloppily done, can cause 
more disturbance to the archaeological record than the 
actual coring operation. The occasional need for diver

sion ditches or swales to keep water out of the exca
vated hole can also have implications for the integrity 
of the archaeological record, but these are only infre
quently necessary. Indeed, none were observed during 
the Limerick project. Similarly, the occasional need for 
blasting at bedrock levels appears to have little bearing 
on overlying archaeological deposits, since it is self- 
contained and detonated only at a charge necessary to 
remove bedrock to approximately the same width as 
the upper portion of the core (Peter Cava, PECO En
ergy, personal communication 1985). If a simple coring 
operation without associated grading operations is re
quired, it can be expected that Dymess' (1965) Class 3 
(deeply disturbed) soil profile will result, but only in a 
very localized area. Likewise, although Bryant, Gehr, 
and Flenniken's (1982) Class 1, Class 2, and Class 3 (i.e., 
artifact breakage, displacement, and exposure) archae
ological data loss will also likely occur, such losses will 
only be in a very localized area.

A rather dramatic example of the localized nature of 
the coring process was found in a section of one of the 
Limerick transmission lines (Zatz, Joire, Hoffman, and 
Past 1985). Because portions of this line were slated for 
the replacement of lattice support structures by new 
tubular steel poles in the same locations, several test 
units were placed within the confines (normally near 
the center) of the existing lattice structure, as well as 
surrounding them. In several cases, the resultant pro
files showed little or no disturbance of any kind and, in 
one case, an undisturbed portion of a prehistoric ar
chaeological site was revealed within such confines 
(Zatz, Joire, Hoffman, and Past 1985). Clearly, distur
bances resulting from the coring operations in this case 
were quite localized.

Installation of counterpoise system
Since no instances of the installation of a couirterpoise 
system, either associated with extant or newly con
structed support structures, were observed during the 
Limerick project, it is not possible accurately to evalu
ate the extent of disturbance to archaeological sites 
such activity causes. H o w ever, the fact that small 
trenches a minimum of 61 cm (24 in) in depth are 
excavated either with a plow or trencher implies that 
rather extensive, although relatively localized, distur
bance can occur. This, of course, is especially true with 
regard to the relatively shallow upland sites in the 
Pennsylvania Piedmont. Accordingly, it may be pru
dent for planners to bear in miird the occasional need 
for such a system which has the potential to expand the 
area of direct effect some distance away from support 
structure locations. The installation of a counterpoise 
system will most likely result in Dymess' (1965) Class 
2 (slightly disturbed) and Class 3 (deeply disturbed) 
soil profiles and Bryant, Gehr, and Flenniken's (1982) 
Class 2 (artifact displacement) and Class 3 (artifact 
exposure) archaeological data loss.
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STRATEGIES OF ARCHAEOLOGICAL 
INVESTIGATION

It is important to note that the entire length of the 
Limerick transmission line right-of-way, regardless of 
support structure location, was subjected to Phase I 
identification/location survey. In addition, areas 
where temporary access roads were necessary were 
also subjected to Phase I survey. However, not all ar
chaeological sites identified during Phase I were evalu
ated for National Register significance at the Phase II 
level. Sites subjected to Phase II were selected accord
ing to their location within the right-of-way in relation 
to proposed support structure locations or their rela
tion to proposed access roads. Phase III data recovery 
was undertaken only where adverse effect to signifi
cant sites could not be avoided. These areas were lim
ited, in all cases, to support structure locations and 
areas where access roads would adversely affect por
tions of significant archaeological sites. These investi
gative strategies are similar to those utilized by other 
researchers in conducting archaeological surveys in 
association with overhead transmission line rights-of- 
way (e.g. Office of Public Archaeology 1986a, 1986b; 
Weir 1986; Strauss 1987a, 1987b).

Of further importance is the fact that the majority of 
transmission line rights-of-way investigated during 
the Limerick Transmission Line Surveys consisted of 
previously existing right-of-way in which transmission 
lines and support structures were extant prior to the 
survey. Thus, the proposed lines and support struc
tures were designed as replacements for previously 
existing facilities and, in some cases, as a new facility 
paralleling old line. As such, most of the surveyed 
rights-of-way were cleared when the existing lines 
were installed between the 1920s and 1960s, and many 
of the newly designed structures were slated for loca
tions identical with or adjacent to the extant structure 
locations. Some support structure locations, however, 
were planned for new loci. As a result, it is important 
to realize that most of the surveyed areas had pre
viously been subjected to many of the construction 
techniques discussed earlier in this paper. This circum
stance is different from many similar surveys (e.g. Ra- 
nere and Hansell 1983; Newkirk and Bambrey 1984, 
1985; Strauss 1987a, 1987b), in which the transmission 
line right-of-way was newly designed and, therefore, 
devoid of extant support structures.

In concert with the archaeological methods noted 
above, a wide variety of strategies was also employed 
to minimize effect to archaeological resources, signifi
cant or otherwise, and to beneficially accommodate 
schedules and logistical considerations in the construc
tion of temporary access roads and coring operations 
for the construction of support structures. These strate
gies were implemented to help avoid further distur
bance to archaeological sites in existing transmission 
line rights-of-way as a result of the new construction.

and involved various levels of intensity, ranging from 
simple monitoring to full-scale archaeological excava
tion. These strategies are briefly described below.

Monitoring of right-of-way clearing and selective 
thinning activities
Vegetational clearing and thinning necessary to allow 
for the access of equipment to core and erect new 
support structures was undertaken during the project 
only after all Phase I and Phase II archaeological inves
tigations had been completed. This meant that, at the 
time of the new clearing, all archaeological sites in the 
right-of-way had been identified and evaluated for sig
nificance. As a result, areas that required archaeologi
cal monitoring during clearing activities were 
previously identified, as were "voids" where monitor
ing would not be necessary. Moreover, in areas that 
contained archaeological sites, the clearing contractor 
was only permitted to undertake his work using hand 
tools such as chain saws and root cutters, and small 
mechanized equipment such as truck and chipper, all 
under close monitoring by the archaeological team.

The monitoring strategy employed during the initial 
vegetational clearing operation proved to be quite ef
fective, since the archaeological team was able to main
tain reasonable control over the techniques utilized for 
clearing by the contractor. While localized examples of 
Dymess' (1965) Class 2, Class 3, and Class 4 (i.e., 
slightly disturbed, deeply disturbed, and compacted) 
soil profiles, and Bryant, Gehr, and Flenniken's (1982) 
Class 2 and Class 3 (i.e., artifact displacement and ex
posure) archaeological data loss probably occurred, 
instances of wholesale or widespread disturbance to an 
archaeological site during clearing activities were 
avoided.

Stripping of temporary access road rights-of-way
As noted previously, the rights-of-way of all tempo
rary access roads, as well as the actual transmission line 
rights-of-way, were subjected to both Phase I survey 
and Phase II evaluation, as appropriate. This resulted 
in a level of confidence regarding site presence, ab
sence, and/or significance in the access road rights-of- 
way similar to that of those in the transmission line 
rights-of-way. Since the coincidental occurrence of 
temporary access road rights-of-way and significant 
archaeological sites was present only in areas pre
viously subjected to agricultural plowing, the strategy 
utilized after the completion of controlled surface sur
vey was to excavate the necessary roadway cut to just 
above the interface of the plowzone and the underlying 
subsoil under the guidance of archaeological monitor
ing, with sufficient time granted for the archaeological 
team to shovel-scrape and expose by hand the under
lying subsoil and any features or other archaeological 
deposits which might be revealed. In this fashion, long 
linear expanses of extant subsoil deposits associated 
with potentially significant archaeological sites were
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exposed, and the resultant information recovered prior 
to its disturbance. Once such data were recovered, the 
construction contractor was permitted to return, infill 
the cut with ballast rock, grade and/or asphalt as nec
essary, and proceed with construction of the support 
structures whose locations could then be serviced by 
the access road.

It is also important to note that a short-term site-pro
tective strategy was employed at one of the archae
ological sites subjected to the procedures discussed 
above. Due to the onset of inclement winter weather, 
data recovery at this site had to be suspended until 
spring, although the construction schedule for the nec
essary temporary access road could not accommodate 
a similar suspension. At the time of suspension of the 
archaeological work, five unexcavated or partially ex
cavated archaeological features were exposed, and an 
additional 20 excavated features had been infilled with 
clean sand. To allow for the installation of ballast rock 
for construction of the roadway, one layer of one-half 
inch plywood and two layers of one-quarter inch fiber
glass matting were laid down in the roadway cut, with 
the ballast rock deposited on top. Upon resumption of 
archaeological field work in the spring, and after the 
access road had been used for its intended purpose, a 
flat bucket gradall was used to remove the ballast rock 
and fiberglass from the cut. As had been hoped, no 
damage had been imparted to the archaeological fea
tures, and no loss of data occurred (Zatz, Joire, Hoff
man, and Rast 1985). That is, none of the archaeological 
features had experienced compaction or lateral dis
placement of any kind. It should further be noted that 
geo-synthetic filter fabric (Thome 1989) and "crusher 
run" (i.e., crushed stone aggregate -  Marquis 1989) 
have also been successfully used as archaeological site 
protective measures.

Testing and excavation at support structure 
locations
During the initial Phase I survey, the entire extent of 
each transmission line right-of-way was subjected to 
surface recoimaissance, even though it was anticipated 
that, aside from areas necessitating the construction of 
access roads, the areas which would experience the 
greatest adverse effect would be support structure lo
cations. Similarly, all potentially significant sites lo
cated at the Phase I level were subjected to Phase II 
surface or subsurface testing, or both, regardless of the 
site's location in relation to support stmcture place
ment. However, Phase III data recovery excavations 
were undertaken only at significant archaeological 
sites which coincided with support structure or access 
road locations which otherwise could not be avoided.

In nearly all cases, the Phase II subsurface testing at 
support structure locations consisted of controlled sur
face collection procedures in plowzone situations, fol
lowed by the judgmental placement of test units in 
areas of high artifact density; such tests measured up to

1.5xl.5 m (5x5 ft) in size, depending on site-specific 
conditions (Zatz, Joire, and Hoffman 1984a). This was 
done both in cases where structures were planned for 
new locations and where new structures were planned 
to replace old, extant structures. In most cases, this 
standard strategy was adequate to evaluate site signifi
cance. However, in one case, a different strategy was 
utilized at the Phase II level, due to the presence of 
fresh, untreated, and potentially hazardous manure on 
the surface of the plowzone. In this case five areas 
slated for the construction of support structures were 
stripped of plowzone in a manner similar to that pre
viously described for significant sites in temporary ac
cess road rights-of-way (Zatz, Joire, and Hoffman 
1984a). The only differences between this strategy and 
that used in temporary access road situations were that 
(1) roughly circular, localized structure locations, 
rather than linear swaths, were stripped of plowzone, 
and (2) the strategy was employed at the Phase II rather 
than the Phase III level of effort.

CONCLUDING SUMMARY

In summary, the archaeological investigations associ
ated with licensing activities of the Limerick Nuclear 
Generating Station has enabled a preliminary evalu
ation of PECO's construction techniques and policies 
as they interface with the prehistoric archaeological 
record in the Piedmont of southeastern Pennsylvania. 
This evaluation, although far from quantitative in na
ture, in turn has allowed for a rough ranking of the 
nature and extent of these construction techniques in 
terms of their potential to disturb archaeological sites. 
This ranking, summarized in Table 1, is as follows.

The initial clearing of overhead transmission line 
rights-of-way probably has the greatest potential for 
disturbing archaeological sites surficially and on a rela
tively wide horizontal scale. This potential stems 
largely from the fact that the precise nature and extent 
of effects to soils and archaeological sites stemming 
from such clearing activities are extremely difficult to 
quantify. While the nature and extent of such clearing 
is dependent on the specific conditions of the right-of- 
way, it seems clear that, in heavily vegetated areas, 
such activities can lead to more widespread grading and 
other land altering operations, resulting in Dymess' 
(1965) Class 3 and Class 4 soil profiles (i.e., deeply dis
turbed and compacted) and Bryant, Gehr, and Flen- 
niken's (1982) Class 1, Class 2 and Class 3 archaeological 
data loss (i..e, artifact breakage, displacement, and ex
posure). This also appears evident in the Pinelands of 
southern New Jersey, where Ranere and Hansell (1983) 
observed large expanses of "bare earth" where clearing 
activities had at least surficially disturbed the right-of- 
way through the heavily wooded landscape. Similarly, 
Strauss (1987b) observed areas of the New Eng
land/Hydro-Quebec transmission line right-of-way
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Table 1. Generalized ranking of construction techniques and potential disturbance

Degree of severity Construction technique Classes of soil 
disturbance*

Classes of archaeological 
data loss**

Characteristics

Severe clearing of R.O.W. 3,4
deeply disturbed, 
compacted

1,2,3
artifact breakage, 
displacement, exposure

horizontally widespread, 
perhaps mostly surficial, 
but difficult to quantify 
and isolate

Severe construction of 
temporary access roads

2,3
slightly disturbed, deeply 
disturbed

1,2,3
artifact breakage, 
displacement, exposure

confined to a specific 
area that can be isolated, 
but disturbed to subsoil

Moderately severe installation of counter
poise system

2,3
slightly disturbed, deeply 
disturbed

2,3
artifact displacement, 
exposure

somewhat localized, not 
always necessary but 
disturbed to subsoil

Severe, but very 
localized

uprooting of stumps, 
coring for footings

3
deeply disturbed

1,2,3
artifact breakage, 
displacement, exposure

very localized, easy to 
isolate

Not severe selective thinning of 
vegetation

2
slightly disturbed

1,2
artifact breakage, 
displacement

mostly surficial in extent 
(e.g., tire ruts)

*Dymess (1965).
**Bryant, Gehr, and Flenniken (1982).

where grading, plowing, or infilling had occurred, 
leaving "small pockets of intact soil." However, it is 
equally evident that many areas need no clearing, as 
evidenced by the large expanses of open, cultivated 
fields in the project area of southeastern Pennsylvania. 
Similarly, transmission line design and construction 
through vast expanses of desert areas, such as experi
enced in the Gonder Line 1 (Newkirk and Bambrey 
1984) and Mona Line 1 (Newkirk and Bambrey 1985) 
rights-of-way of western Utah and eastern Nevada, 
presumably also require no clearing activities. The key 
factor in initial clearing, obviously, is the degree to 
which the immediate area is vegetated. Accordingly, it 
is of utmost importance in areas of heavy vegetation to 
conduct archaeological reconnaissance surveys prior 
to right-of-way clearing if disturbance to the archae
ological record is to be minimized or avoided.

Temporary road construction necessary for access in 
some areas is also a potentially significant threat to the 
integrity of archaeological sites, most likely resulting in 
Dyrness' (1965) Class 2 (slightly disturbed) and Class 3 
(deeply disturbed) soil profiles and Bryant, Gehr, and 
Flenniken's (1982) Class 1, 2, and 3 archaeological data 
loss (i.e., artifact breakage, displacement, and expo
sure). However, since such roads are designed and 
engineered for specific purposes, the areas of potential 
disturbance are readily identifiable by perusing design 
plans. In this sense, the areas of disturbance are rela
tively localized and specific in nature, although the 
precise nature and extent of the last grading operation 
is probably less localized than the actual excavation of 
the sub-base trench. Nevertheless, if careful interfacing

of design considerations and archaeological preserva
tion is followed, the avoidance of disturbance to ar
chaeological sites, or at least portions of such sites, 
should be a relatively simple matter.

Other activities associated with the construction of 
support structures also have the potential to disturb ar
chaeological deposits, but these activities are of a much 
more localized nature than those previously noted. The 
uprooting of large tree stumps during the clearing proc
ess can severely disturb archaeological sites, resulting in 
Bryant, Gehr, and Flenniken's (1982) Class 1, Class 2, or 
Class 3 (i.e., artifact breakage, displacement and expo
sure) archaeological data loss; PECO, however, prefers in 
most cases that stumps be cut off flush with the ground 
surface (PECO S-7080-B 1983). The coring of holes to 
accommodate concrete support structure footings may 
also destroy archaeological deposits but again, the area 
of disturbance frequently is extremely localized, nor
mally between six and ten feet in diameter. The fact 
that undisturbed soil profiles were observed during 
the Limerick survey within the confines of an extant 
four-cornered lattice-type structure certainly attests to 
the localized nature of this type of disturbance. Blasting 
necessary when footings are required in areas of bed
rock should have virtually no effect on archaeological 
deposits, since presumably no such deposits are pre
sent (due to the presence of bedrock), and such blasting 
is self-contained within the footing core. Finally, the 
necessity of counterpoise systems at some support 
structure locations can, of course, result in some dam
age to archaeological sites, perhaps resulting in Bryant, 
Gehr, and Flenniken's (1982) Class 2 and Class 3 (i.e..
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artifact displacement and exposure) archaeological 
data loss, but again, it is relatively localized in extent. 
However, the fact that PECO specifications (PECO S- 
7080-G-1983) mandate that such systems be installed at 
a depth of 61 cm (24 in) or more necessitates that careful 
archaeological plarming and survey be conducted of 
areas wider in extent than the footprint of the structure 
if disturbance to the archaeological record is to be mini
mized or avoided.

Selected thinning and pruning, unless inclusive of 
ground-altering landscaping activities, is the activity as
sociated with transmission line construction least likely to 
seriously disturb archaeological deposits. Such thinning 
is normally done with hand tools and perhaps a truck and 
chipper, and normally is confined to the upper reaches of 
vegetation which have begun to encroach into the de
fined "danger zone." The most extensive disturbance to 
archaeological sites resulting from this operation is likely 
to be tire ruts resulting from the truck and chipper trav
ersing soft or muddy ground. Such activities may re
sult in Dyrness' (1965) Class 2 (slightly disturbed) soil 
profiles, and Bryant, Gehr, and Flermiken's (1982) 
Class 1 and Class 2 (i.e., artifact breakage and displace
ment) archaeological data loss.

In closing, the management of archaeological re
sources potentially affected by transmission line con
struction has become a more widespread planning 
concern in the last decade throughout the United States 
and Canada (e.g. Weir 1986; Peters 1986). The archae
ological aspect of the licensing activities of the Limerick 
Nuclear Generating Station is a noteworthy addition to 
the growing list of such management and planning ac
tivities in the electric utility industry. Furthermore, the 
Limerick transmission line rights-of-way themselves are 
particularly important in that the area of southeastern 
Pennsylvania through which the transmission lines 
traverse is currently experiencing an extremely high 
rate of growth and land use, with the concomitant 
rapid decrease in archaeologically undisturbed areas. 
Consequently, the extant transmission line rights-of- 
way associated with the Limerick Nuclear Generating 
Station represent some of the few remaining large-scale 
linear expanses of landscape in the southeastern Pennsyl
vania Piedmont which, although subject to some distur
bance in the past, nevertheless remain relatively 
undisturbed. As a result, and with PECO's demonstrated 
commitment to the proper management of archaeologi
cal resources under its purview, archaeological sites re
corded during the Limerick project are likely to remain 
relatively protected well into the future.
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Unanticipated Discovery of Cuitural 
Resources During Pipeline Construction:

Two Case Studies

Craig S. Smith

The unexpected discovery of cultural resources has the potential to cause serious delays during 
pipeline construction. It is important that a plan for dealing with unanticipated discoveries of 
cultural resources during construction be submitted and approved by the regulatory agencies prior 
to construction. Discoveries can be handled in many different ways. A traditional approach 
requires all ground-disturbing activities to stop in the vicinity of the discovery until all mitigation 
data recovery excavations are completed. Alternatively, to eliminate the possibility of delays, 
except for the discovery of human remains, trench inspection by an archaeologist has been used 
successfully. The pipeline company agrees to conduct no more than a specified level of effort of 
investigations following construction, depending what is found in the trench. In exchange, discov
eries in the pipeline trench will be recorded, but construction will not be stopped due to the 
discoveries; thus there will be no loss of construction time.

Keywords: Cultural resources, unanticipated discoveries, pipeline construction, archaeology, trench 
inspection, construction monitoring

INTRODUCTION

Properly dealing with cultural resources-prehistoric 
and historic sites and artifacts-is often one of the major 
environmental concerns in planning and permitting 
pipeline construction in the United States. These re
sources need to be considered early in the planning 
process to limit the possibility of delays in construc
tion. The steps required by Section 106 of the National 
Historic Preservation Act of 1966 (NHPA) and imple
menting regulations (36 CFR 800) need to be followed 
in the planning process for projects crossing federal 
lands or requiring federal permits. The following steps 
are typical in the preconstruction planning process.

The first step is to consult with the regulatory agen
cies including the State Historic Preservation Offices 
(SHPOs) and any federal agencies such as the Federal 
Energy Regulatory Commission (FERC), Bureau of 
Land Management (BLM), and U.S. Forest Service 
(USFS) to determine whether cultural resources studies 
are necessary and to develop a scope of work. Because 
further studies usually are required, the next step con
sists of a literature review and file search to obtain

information on previous cultural resource investiga
tions in the area and previously recorded cultural re
source sites. Following the literature review, an on-the- 
ground inspection of the right-of-way using pedestrian 
archaeological inventory techniques is completed. All 
prehistoric and historic sites encountered during the 
inventory are recorded. The sites are then evaluated as 
to their eligibility for the National Register of Historic 
Places (NRHP). For many sites, especially those with 
prehistoric remains, this evaluation usually requires 
test excavations to determine the kinds and extent of 
the buried remains. Archival research is often con
ducted to document the historic events, themes, indi
viduals, construction techniques, and/or architectural 
features associated with historic sites. Sites found 
within the right-of-way that may be affected by con
struction are evaluated as either eligible or not eligible 
for the NRHP. The sites determined not eligible for the 
NRHP are eliminated from further consideration.

Project effects to sites determined eligible for the 
NRHP are then assessed. Eligible sites that may be af
fected by construction activities can be avoided by re
routes or relocation of project facilities and construction
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areas. If avoidance is not feasible, a treatment plan is 
prepared to detail the measures to mitigate the effects 
to the sites. These mitigation measures may include 
reducing the width of the right of way; barricading, 
flagging, and fencing; matting or padding a site to 
minimize compaction by heavy equipment; document
ing sites according to the standards of the Historic 
American Building Survey (HABS) or the Historic 
American Engineering Record (HAER); and archae
ological data recovery. Data recovery through excava
tion is commonly used on sites within the right-of-way 
that contain remains that could provide information to 
address research issues concerning the prehistory or 
history of an area. These mitigation measures are gen
erally completed prior to the start of construction.

For larger pipeline projects subject to federal permits 
and approvals, a Programmatic Agreement (PA) is often 
tlie vehicle which federal agencies achieve compliance 
with Section 106 of the NHPA. The PA details the 
procedures and time frames to complete the various 
steps to reach cultural resource clearance for a project 
and is signed by the regulatory agencies involved with 
the project and sometimes the project proponent.

Though involved and time consuming, these steps 
in the Section 106 process to obtain cultural resource 
clearance for a project can be followed in a fairly cook
book fashion, arid the costs and time to implement them 
can be anticipated during the project planning phase. 
The most important consideration is that enough time 
be allowed to complete the process before the start of 
construction. In contrast, unanticipated discoveries of 
cultural resources or human remains during construc
tion are an unknown in terms of time and cost and may 
cause extensive delays in construction. These costs and 
delays are difficult to anticipate in the plarming proc
ess. Generally, a plan for dealing with unanticipated 
discoveries during construction is approved by the 
regulatory agencies prior to construction as outlined in 
Section 800.11 of the implementing regulations of the 
NHPA. This plan is a step-by-step guide to handling 
the discoveries and should be as comprehensive as 
possible to minimize delays. Because time is of the 
essence during construction, contact persons including 
pipeline, construction, and agency personnel, environ
mental inspectors, and archaeologists should be clearly 
identified with phone and fax numbers. A detailed 
plan is especially critical when the agencies require an 
archaeological monitor during construction grading 
and trenching in probable high site density areas since 
a trained archaeologist is better able to recognize unan
ticipated discoveries. Handling unanticipated discov
eries without a plan requires more complex and time 
consuming procedures including allowing the Advi
sory Council on Historic Preservation to comment.

Tlie remainder of this paper provides two case studies 
from the state of Wyoming concerning cmanticipated 
discovery plans and the handling of archaeological dis
coveries. For the first case study, a traditional approach

was followed for the unanticipated discovery plan, 
which required all ground-disturbing activities to stop 
in the vicinity of the discovery until all mitigation data 
recovery excavations were completed. For the second 
case study, the pipeline company agreed in the treat
ment plan to inspection of the trench and graded right- 
of-way during construction. The company agreed to 
sponsor a pre-established level of excavation of sites 
found during construction after the pipe was in the 
ground. This agreement to complete excavations fol
lowing construction based on the remains observed in 
the trench eliminated the possibility of construction 
delays, except in the event of discovery of human re
mains. The discovery of human remains necessitates 
the implementation of special procedures including 
halting construction in the immediate area; contacting 
the county sheriff/coroner to determine the modernity 
of the remains; and it the remains are not modern, 
meeting with the SHPO, the landowner or land-man
aging agency, and concerned Native American groups 
to come to consensus agreement concerning the re
spectful treatment of the remains. For both of these 
approaches, the plan had to be acceptable to the federal 
agencies and the SHPO prior to construction.

CASE STUDY ONE

The first case involved the construction of a loop of the 
Northwest Pipeline in southwest Wyoming (Fig. 1). 
The lead federal agency for the project was the FERC 
with other agencies including the SHPO and BLM. 
After completing all the preconstruction cultural re
source tasks (McNees Harding, McClelland, et al. 1993; 
McNees, McClelland, Lowe, Marmor, Schneider, and 
Smith 1994), cultural resource clearance was obtained 
for construction provided measures in the treatment 
plan were implemented. Among the measures in the 
treatment plan was a requirement that certain areas be 
monitored by an archaeologist during grading and 
trenching. These areas were portions of the project 
deemed by the agencies to have a strong possibility of 
containing previously undiscovered buried cultural re
sources and all lands administered by the BLM. The 
treatment plan also included a detailed Unanticipated 
Discoveries Plan (Foster Wheeler 1995), which was to 
be followed in the event that cultural resources were 
discovered during the archaeological monitor. The 
plan stipulated that the Chief Environmental Inspector 
stop work within 150 m of the discovery, have the 
archaeologist assess the significance of the find, and 
notify the company, FERC, SHPO, and BLM if the find 
was on BLM land. If the cultural resource appeared 
significant, the notification would include a scope of 
work for evaluating significance and a request to imme
diately implement the scope of work. Following comple
tion of fieldwork, a written report would be prepared 
and submitted. If the resource was determined to be
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Fig. 1. Location of the Weston site on the Northwest Pipeline system expansion project in southwest Wyoming.

significant, a data recovery plan would also be pre
pared and submitted outlining the recommended 
form, scope, and research objectives for mitigating the 
impacts to the site, typically through archaeological 
excavations. Implementation of the data recovery plan 
would then proceed after authorization from the agen
cies. After completion of the data recovery excavations 
or other mitigation activities, pipeline construction 
would be authorized through the area.

On 24 August 1995, during the archaeological moni
toring of construction right-of-way and staging area 
topsoil stripping on the terrace immediately east of the 
Bear River on private land, archaeologists discovered 
approximately 10 circular areas of charcoal-stained 
sediment representing five prehistoric hearths, as well 
as historic artifact clusters (Fig. 2). The hearths were 
found throughout the construction ROW in the areas 
that had been the most deeply graded (Fig. 3). These 
features were found in an area not previously consid
ered a site due to the absence of any surface manifesta
tion, though the area was scoped as having a high 
potential for buried remains early in the process. On 
identification of the site (named the Weston site), 
ground-disturbing activities were halted within 150 m of 
the discovered remains, and the procedures outlined in 
the Unanticipated Discoveries Plan were implemented. 
Within a day of the discovery, the site was recorded and 
an initial report was submitted to the agencies. Based 
on the description of the material already encountered

Si'.'

Fig. 2. Examination of an unanticipated discovery of a pre
historic hearth feature during right-of-way grading.

at the site, the FERC and SHPO determined the site to 
be eligible for the NRFIP. They requested that a treat
ment plan be prepared that would address appropriate 
measures to mitigate existing impacts, as well as fur
ther impacts to the site.
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Fig. 3. Construction right-of-way and staging area with location of cultural remains found during right-of-way grading.

Within a week of the initial discovery and within a 
day of the agency request, a treatment plan was sub
mitted to the FERC and SHPO (McNees and Smith 
1995). The Treatment Plan included a research design 
and methods and proposed a two-phased approach to 
the data recovery excavations. Phase 1 would include the 
excavations of the features exposed during the grading 
and the testing of aU additional areas along the terrace 
adjacent to the river requiring disturbance to complete 
pipeline construction. Phase 2 would consist of block 
excavations in areas where significant cultural remains 
were encountered during the Phase 1 investigations. 
The Treatment Plan was approved by the FERC, 
SHPO, and Advisory Council on Historic Preservation 
on 6 September 1995, five days after it was submitted.

Fieldwork commenced irrunediately on 6 September 
1995. The Phase 1 investigations consisted of 21 test units 
totaling 52 m ,̂ 99 shovel tests, and five backhoe trenches 
totaling 100 m in length (Fig. 4). The backhoe trenches 
were placed along the centerline of the proposed pipe

line and across the proposed location of a pit to hold 
spoil excavated from the river in the staging area. The 
backhoe trenches served as a means to examine a more 
deeper and larger area than would have been possible 
with only the hand excavations. The 30x30 cm shovel 
tests were systematically placed on a 10x10 m grid across 
the staging area and pipeline right-of-way. The shovel 
tests were used to explore the area for the most concen
trated remains. The 1x1 m test units were excavated to 
assess additional areas that would be disturbed due to 
pipeline construction, to salvage the exposed features, 
and to investigate areas where shovel tests had positive 
results. The results of the Phase 1 investigations indicated 
that significant remains were present within the pipeline 
right-of-way. These remains consisted of hearth features, 
heat-altered rock, large quantities of artifacts, and char
coal-stained sediment, all indicating that the area was 
extensively used during prehistoric times.

Because of the significant remains encountered in the 
pipeline right-of-way, the FERC and SHPO required that
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Fig. 4. Location of data recovery investigations following discovery.

four 5x5 m blocks (Blocks A-D) be excavated for the 
Phase 2 investigations. One of the blocks (Block A) was 
expanded an additional 16 to incorporate a housepit 
feature found during the excavations. A total of 116 
was excavated during the Phase 2 investigations. The 
blocks were placed over test units containing hearth 
features or other significant remains. Among the exten
sive remains recovered from the excavations of the 
blocks were a variety of features including a housepit 
(an excavated basin that may have had a superstruc
ture), hearth basins, and heat-altered rock concentra
tions; lenses of heavily charcoal-stained sediment; over 
100 flaked stone tools including 28 projectile points of 
various types and over 13,000 pieces of debitage; over 
6,000 bone specimens of at least 11 different taxa in
cluding bison, pronghorn, jackrabbit, cottontail, 
grormd squirrel, bird, fish, and frog/toad; ceramic 
sherds; a stone disk bead; and two pendant fragments. 
A profile of one of the block walls showing the com
plexity of the site deposits is provided in Fig. 5.

Overall, the data recovery excavations at the Weston 
site produced evidence of numerous extensive prehis
toric occupations along the Bear River (McNees, 
Schneider, McClelland, Harding, Lowe, and Smith 1996). 
The occupations ranged in age from approximately 4,000 
years ago to about 100 years ago. Throughout its history, 
the site served as a residential base camp from which 
both the rich resources of the Bear River riparian zone 
and the upland resources of the southern Overthrust 
Belt were exploited. General domestic activities evi
dent for every occupation at the site include the pro
curement, preparation, and/or consumption of wide 
range of animal taxa, maintenance and manufacture of 
flaked stone tools, and other small-scale craft and 
manufacture activities. Some of the occupations fo
cused on activities such as root and seed procurement, 
processing, and consumption; bone grease manufac
ture; and more intensive biface manufacture. Many of 
the excavated features from the later occupations are 
interpreted as being large root-baking pits. One of the
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0ACKDIRT) >
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III Wsll-consolidoted silt; strongly developed angular blocky ped structure; 
Stoge 1 calcium corbonote; very pale brown (10YR 8 /2 )
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( j j )  Rodent disturbance

9  H eot-altered rock
K Chorcoal

Very dorkly charcool-stained sediment 
with dense heat-a ltered  rock
Dorkly charcoal-stained sediment with 
heat—altered rock
Moderately charcoal—stained sediment 
with heat-oltered rock
Lightly charcoal-stained sediment with 
heat-oltered rock

Fig. 5. Stratigraphic profile of one the excavation blocks showing complexity of site deposits and housepit.

more significant finds at the site was the housepit dat
ing to one of the earlier occupations. The excavations at 
the site provided a wealth of new information on how 
the prehistoric inhabitants lived and used the upper 
Bear River area.

Data recovery excavations at the site were conducted 
from dawn to dark by a crew of up to 20 archaeologists 
from 6 September to 2 October 1995. After receiving a 
preliminary report on 2 October 1995, FERC and SHPO 
authorized construction to proceed on 4 October 1995. 
Pipeline construction in the portion of the route con
taining the site was delayed approximately five weeks 
including time for agency approval of the various stages 
in the investigations, time for writing the summary re
ports and treatment plan, and time for conducting the 
extensive Phase 1 and 2 data recovery excavations at a 
significant and complex site. Because a detailed Unan
ticipated Discoveries Plan was approved and in place 
prior to construction and due to the impressive effort 
of all involved, the delay in construction was kept to a 
minimum. Encountering such a significant site could 
have resulted in much longer delays. However, the 
discovery did cause a delay and skip in construction 
which added to the total costs of construction in addi
tion to the extra costs for the archaeological compliance 
investigations. These costs could not be anticipated in 
the planning process prior to construction.

CASE STUDY TWO

Another method which eliminates the possibility of con
struction delays resulting from unanticipated archae
ological discoveries other than the discovery of human 
remains has worked successfully on larger pipeline con
struction projects. In this approach, the pipeline company 
agrees to have an archaeologist inspect the entire pipeline 
trench and graded right-of-way during construction and 
to conduct no more than a specified level of data recovery 
investigations following construction, depending on 
what was found in the trench. This method has benefits 
for both the pipeline company and the archaeology. It 
eliminates the possibility for expensive construction de
lays due to cultural resource discoveries during construc
tion, and the company is able to budget the maximum 
costs for archaeology prior to construction. This approach 
also reduces the possibility of not being able to put the 
pipeline in service on schedule resulting in the lost of 
revenues which could be extensive. For the archaeology, 
the opportunity to examine the trench provides an ideal 
archaeological discovery technique where a deeper and 
more extensive cross section of deposits are examined 
than what normally would be probed. Additionally, the 
archaeologists can select the best sites discovered in the 
trench and excavate them without the pressures of the 
ongoing pipeline construction schedule.
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Fig. 6 . Location of the Express Pipeline and sites excavated during preconstruction data recovery.

The second case study involved the construction of 
a 330 km Express Pipeline in northern and central Wyo
ming (Fig. 6 ). The lead federal agency was the BLM 
with other cooperating agencies including the SHPO 
and Bureau of Reclamation. As with the other case 
study, the preconstruction steps in the cultural re
source clearance process were completed without 
problem. The pipeline right-of-way was inventoried, 
resulting in the identification of 218 cultural resource 
sites (Express Pipeline 1995a). The 218 sites were evalu
ated as to their eligibility for the NRHP. Many of the 
sites required test excavations to determine whether 
buried, intact cultural remains were present. Based on 
the evaluations and test excavations, seven of the most 
significant prehistoric sites were chosen for data recov
ery excavations (Fig. 6 ). Additionally, effects to a his
torically significant trail which is crossed at several 
places by the pipeline route were also mitigated by 
means of HABS recording, special construction tech
niques at the trail crossing, and production of a historic 
overview for the trail. The crossing of the trail consisted 
of narrowing the right-of-way, matting over the trail, 
and not placing spoil piles on the trail.

A Treatment Plan was prepared, proposing data re
covery excavations at the seven sites and mitigation of the 
effects to the historic trail (Express Pipeline 1995b). The 
Treatment Plan contained a research design to guide the 
investigations, methods to be used during the excava
tions and analyses, a schedule, and site-specific treatment 
proposals. Each of the seven sites was excavated prior to

construction pursuant to the Treatment Plan. The exca
vations continued from November 1995 to July 1996. 
To ensure that the investigations were completed be
fore the start of construction, the excavations were con
ducted throughout the cold and windy Wyoming 
winter using a tent shelter with heaters and lights (Fig. 
7). Though creating some difficult logistics, the shelter 
allowed the archaeological crew to work throughout 
the winter in fairly comfortable conditions with only 
few days lost due to inclement weather.

The results of the excavations will provide consider
able information concerning the prehistoric use of the 
Big Horn and Wind River basins and the highlands 
separating the two basins. Most of the excavated sites 
appear to be residential base camps utilized within the 
last 2,000 years. The sites contained the remains of 
generalized domestic activities including preparation 
and cooking for immediate consumption of meat from 
a wide range of animals, maintenance and manufac
ture of flaked stone tools, and other processing activi
ties. One of the sites (Site 48FR3356) contained the 
remains of a large, deep cylindrical basin with oxidized 
sides. Over 100 kg of heat-altered rock was recovered 
from the basin. This large basin probably served as an 
oven to bake roots. Another site, the Carlson site, also 
yielded two large cylindrical basins that were probably 
used to bake roots. Site 48NA1425 had the remains of a 
fairly recent (possibly protohistoric) camp with over 
500 ceramic sherds, arrow points, and ochre. Ceramic 
sherds are fairly rare in Wyoming, as are campsites
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Fig. 7. Data recovery excavations being completed under a tent shelter during the cold and windy Wyoming winter.

dating to this fairly recent period. Site 48H0656, located 
in the mountains between the Big Horn and Wind River 
basins, produced extensive remains including many 
types of projectile points representing numerous occupa
tions probably dating over the last 5,000 years. The analy
sis of the recovered remains is now in progress.

The Treatment Plan for the project also included a 
Construction Monitoring and Unanticipated Discover
ies Plan. The plan required an archaeological inspec
tion of the graded right-of-way and trench after 
trenching had been completed. The archaeologist 
would not monitor the actual construction in progress, 
but would follow along after the trenching and prior to 
pipe placement and backfilling. Except in the case that 
human remains were encountered, construction would 
not be halted due to archaeological discoveries. The 
Treatment Plan stipulated that block excavations total
ling up to 300 m  ̂ in area be excavated after construc
tion if significant finds were made during the trench 
inspection. Discoveries would be considered signifi
cant and eligible for the NRHP if they were judged to 
have the potential to yield relevant data not already 
collected during the preconstruction data recovery in
vestigations including sites in different locations or of 
different ages. Sites judged not to have the potential to 
yield data relevant to the research design or which 
would duplicate data already obtained from the pre
construction data recovery investigations would be 
considered not significant and not eligible for the 
NRHP. The plan deferred the excavations until after 
the completion of construction so construction would 
not be delayed due to unanticipated discoveries, and 
put a cap on the total amount of area that would be 
excavated after construction.

The archaeological trench inspection for the project 
was completed during September, October, and Novem
ber 1996. The trench was inspected by archaeologists 
walking along both sides of the trench and examining the 
trench walls from the ground surface. For safety rea
sons, the archaeologists did not get into the trench. The 
archaeologists completed the inspection during the 
time interval between the trenching and stringing the

pipe so that they would not interfere with construction 
operations. When cultural remains such as artifacts, 
features, stained occupations layers, heat-altered rock, 
and concentrations of animal bone were found in the 
trench or on the surface of the graded construction 
right-of-way, the archaeologists recorded the finds as a 
site on site forms and plotted their locations on con
struction work plans. If the remains were in an area 
previously recorded as a site, they were included as 
part of that site. Often, a 2x12 plank laid across two step 
ladders placed in the trench was used to facilitate re
cording of remains found within the trench walls. To 
ensure that the remains could be relocated following 
construction and reclamation, wooden stakes sprayed 
with orange paint were placed outside of, and on both 
sides of, the graded right-of-way in line with the dis
covery and perpendicular to the trench. The distance 
from the stakes to the recorded remains was recorded. 
The archaeological inspectors maintained a daily log 
and recorded areas inspected, the nature of the areas 
inspected, any cultural remains identified during in
spection, the subsequent treatment of the those re
mains, and any relevant communications.

During the archaeological inspection, 38 new prehis
toric sites were recorded and additional cultural re
mains were noted at 15 previously documented sites 
(Express Pipeline 1997a). The 53 localities included a 
wide variety of remains such as housepits, large cylin
drical basins, extensive layers of occupational debris, 
and other feature types found both in the trench and on 
the surface of the graded right-of-way (Fig. 8 ). These 
remains appear to date to a wide range of time periods, 
and many represent types not investigated during the 
preconstruction excavations. The inspection of the 
trench resulted in the discovery of a variety of remains 
that were often older and more deeply buried than the 
kinds found during inventory and testing prior to con
struction. Eighteen of the sites discovered during the 
trench inspection were tested after final grading and 
recontouring to assess their significance. Data recovery 
excavations will be conducted on the best sites during 
the 1997 field season (Express Pipeline 1997b).
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II
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Yellowish brown, massive, sand with less than Stoge I CoCOj development 
Dork groyish brown, mossive, sand with numerous fragments of heat-altered  
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Ton, massive, sand with moderote consolidotion
Tan, massive, send with subrounded to subongular gravels and few roots
Heot-olterec^ rock
Oxidation

Fig. 8 . Example of the kinds of remains found in the pipeline trench during the archaeological trench inspection.

This approach for handling unanticipated discoveries 
proved quite successful for the pipeline company, and at 
the same time provided a wealth of archaeological mfor- 
mation that would not have been available using other 
approaches. Even though highly significant remains 
were encoimtered during the pipeline construction, con
struction was never delayed or stopped due to these 
discoveries. Unanheipated archaeological discoveries 
were never a factor influencing the pipeline construction 
schedule. If more traditional methods for unanticipated 
discoveries had been followed, construction activities 
would have been stopped numerous times for the many 
significant remains found on the graded right-of-way and 
in the trench. Many of the encoimtered remains would 
have required extensive data recovery excavations, and if 
the Case Study One is any indication, the excavahons 
would have to have been completed prior to the re
sumption of construction in many cases. Many skips in 
the construction would have been necessary, increasing 
the cost of construction considerably and possibly de
laying the schedule for putting the pipeline into serv
ice. Additionally, a more extensive level of effort in the 
data recovery excavations of the discoveries would have 
been required than what will be completed during the 
post-construction investigations. Postponing the data

recovery excavations until after the completion of con
struction allows time for planning and selecting only 
the most important remains to be excavated. Rushing 
to complete investigations while construction is being 
delayed often reduces efficiencies and creates a climate 
where more extensive work is completed than would 
otherwise be necessary.

For the archaeology, the trench inspection proved to 
be an effective means for discovery of deeply buried 
sites and other site types that would not have normally 
been found imder standard archaeological inventory 
and testing methods. The trench served as an excellent 
330 km cross section across much of Wyoming which 
facilitated the examination of deposits generally not 
exposed in other situations. Under this approach that 
stipulated a pre-established level of post-construction 
excavation, the most significant of these newly discov
ered remains will be excavated. These excavations will 
provide an opportunity to investigate different kinds 
of sites and remains not encountered during the pre
construction investigations. The post-construction ex
cavations in conjunction with those completed prior to 
construction allows for a more complete picture of the 
prehistory of the region that would not have been 
possible using the more traditional approaches.
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CONCLUSION

These two case studies show how important the consid
eration of unanticipated cultural resource discoveries 
during construction is to project planning for pipeline 
construction. The methods to be employed need to be 
carefully considered prior to construction and then 
clearly stated in an Unanticipated Discovery Plan. 
These discoveries can be handled in many different 
ways, but a procedure needs to be determined which 
will be most advantageous for both the pipeline com
pany and the archaeology. In many cases, an approach 
that allows for construction to proceed without delays 
while postponing investigations of any archaeological 
discoveries until after the completion of construction 
may be in everyone's best interests and should be con
sidered as an effective and efficient alternative.
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Effects of the Introduction of a Pipeline 
Right-Of-Way with Planted Travel Corridors to 
a Deer Wintering Area in Northern New York

Kevin R. Dominske

In 1991, a buried natural gas pipeline was installed through a deer wintering area located in 
northern New York State. Five conifer travel corridors were installed across the right-of-way in 
1993 to promote deer crossings. A research plan was developed to determine the effects of the 
introduction of the 20-m right-of-way into the deer yard. The study was designed to determine the 
effects of the pipeline right-of-way on browse availability and deer movements throughout the 
yard. The deer wintering area was evaluated for browse availability prior to construction in 1991, 
and again in 1993 after pipeline construction and right-of-way restoration were completed. Track 
count surveys were performed prior to construction in 1991, and post-construction and restoration 
in 1993 and 1994 to determine effects on deer movements. The results of the surveys indicated the 
introduction of the right-of-way did not have a demonstrable short-term impact on browse 
availability or deer movements throughout the yard. Planted travel corridors appear to have had 
a beneficial effect on the willingness of deer to cross the right-of-way.

Keywords: White-tailed deer, Odocoileus virginianus, wintering area, yard, right-of-way, browse, 
travel corridor. New York, Lewis County

INTRODUCTION 

Project background
The Iroquois Gas Transmission System (IGTS, Iroquois) 
is a 375-mile buried natural gas pipeline located in the 
states of New York and Cormecticut. The pipeline trav
erses from the United States-Canadian border at the St. 
Lawrence River, through upstate New York and western 
Cormecticut, and across Long Island Sound, to Long 
Island. The pipeline was installed in 1991, and restora
tion of the right-of-way was generally completed in 
1992.

A research plan was developed prior to installation 
of the pipeline to study the impacts of the introduction 
of a right-of-way to white-tailed deer {Odocoileus vir
ginianus) wintering areas, or yards. The right-of-way 
width through the deer wintering area selected for this 
study was limited to approximately 20 m. Five conifer 
travel corridors were installed across the right-of-way 
in this yard in 1993, to promote deer crossings.

The importance of coniferous shelter in the winter 
energy balance of white-tailed deer was described in

detail by Verme (1965). Taylor (1956) described the 
propensity of deer to concentrate in restricted portions 
of their range during winter months. In addition, the 
importance of small forest openings to improve browse 
for white-tailed deer is also well documented (McCaf- 
fery and Creed 1969). The degree of interspersion of 
cover with browse producing areas is as important as 
the extent of cover area itself (Gill 1957). Construction 
of a cleared pipeline right-of-way (i.e., within which 
trees are cut and vegetation is subsequently main
tained as predominantly low-growing herbaceous spe
cies) through a winter yard thus has the potential to 
affect the value of coniferous shelter in the vicinity of 
the right-of-way, and the availability of browse in and 
adjacent to the right-of-way.

Electric transmission line corridors can be an impor
tant source of year-round deer browse (Potvin 1972; 
Goodwin 1975; Cavanaugh et al. 1976; Eaton and Gates 
1979; Potvin and Huot 1979; Bramble and Byrnes 1981; 
Cerratini 1987). Lunseth (1987) found that the presence 
of a pipeline right-of-way increased vegetation diver
sity in areas that were previously unproductive for
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ungulates. Additionally, browse production was 
higher on a 17-year old right-of-way and forest ecotone 
than in a two-year old right-of-way and adjacent undis
turbed forest. Garant and Doucet (1995) found that 
winter cuts for vegetation maintenance on electric 
transmission line rights-of-way in Quebec substan
tially increased the availability of winter browse.

Several researchers have examined the effect of en
ergy transmission rights-of-way on deer habitat and 
movements in deer winter yards. Based on track sur
veys, Doucet et al. (1979) found that a 30-m wide elec
tric transmission line right-of-way located in a winter 
yard in Quebec was utilized significantly less by deer 
than adjacent forested areas. The right-of-way, which 
succeeded from primarily herbaceous to shrub-domi
nated vegetation during the five-year study, repre
sented loss of winter habitat but did not act as a barrier 
to deer movements (Doucet et al. 1979).

The presence of a 500 kV electric transmission line 
right-of-way was found to seasonally restrict rmgulate 
movements in Idaho (Goodwin 1975). Jackson and 
Hecklau (1995) investigated the effects of 345 kV elec
tric transmission line rights-of-way varying from 45 to 
90 m in width on deer movements in New York deer 
yards. Track and trail analyses over six winters showed 
significant differences in use between on and off right- 
of-way areas, however further study is needed to deter
mine the right-of-way width(s) where crossing is 
precluded or significantly reduced (Jackson and Heck
lau 1995). The installation of planted travel corridors or 
maiirtenance of natural travel lanes across rights-of- 
way has generally been found to promote deer cross
ings, both in Vermont (Willey and Marion 1980) and 
Quebec (Lamothe and Dupuy 1984).

The majority of past studies have investigated the 
effects of electric transmission line rights-of-way on 
deer movements and browse availability. These corri
dors generally tend to be wider than those associated 
with buried pipelines, such as the 20-m wide IGTS 
right-of-way. No information was found in the litera
ture regarding the response of deer movements and 
habitat (browse availability) to a narrow pipeline right- 
of-way with planted travel corridors.

Study objectives
The primary objectives of this study are to: (1) Deter
mine if the introduction of a pipeline right-of-way 
through a deer wintering area changes availability of 
browse within the right-of-way as compared to adja
cent forested areas; and (2) Determine the effects of the 
pipeline right-of-way and planted travel corridors on 
deer movements within a winter yard.

A deer wintering area located within Jadwin Memo
rial Forest in the northern New York Town of Diana in 
Lewis County was selected for this study, based primar
ily on pre-construction field surveys of the proposed 
right-of-way. The Jadwin deer yard is an unmapped 
extension of a state-designated deer wintering area

located east of the pipeline route, and had the highest 
level of winter deer activity of those areas investigated 
prior to construction of the pipeline.

STUDY AREA 

Site location
The site selected for this study is located in a deer winter
ing area traversed by the pipeline in northern New York 
State, in the Jadwin Memorial State Forest. Specifically, 
the deer yard is located in the Town of Diana, Lewis 
County. This deer wintering area had not been identified 
by the New York State Department of Environmental 
Conservation (DEC) prior to pipeline construction, but 
is an unmapped extension of a DEC-designated deer 
wintering area located east of the pipeline route. The 
Jadwin yard was identified during pre-construction field 
surveys of the proposed right-of-way in November 1990, 
and was subsequently verified during field surveys per
formed in January and Eebruary 1991.

The overall length of the crossing of the Jadwin yard 
is approximately 3,000 m (Davies 1991). This includes 
a 700-m "core" area of heaviest use, and approximately 
2,300 m of "fringe" winter habitat, which is generally 
used to a lesser degree. The yard is bordered by State 
Highway 812 to the west, and open hardwood forest to 
the east. The total area of the yard encompasses over 
600 acres.

Site description
The Jadwin deer wintering area consists primarily of 

upland coniferous and mixed forest, with small areas 
of shrub and forested wetland along its western edge. 
The topography is generally flat, with shallow sandy 
soils and numerous granite bedrock outcrops. The 700- 
m core area of shelterwood within the yard is domi
nated by Pinus strobus, Thuja occidentalis, and Abies 
balsamea. The canopy is generally closed and extends to 
a height of 20-30 m. Ground cover is sparse, limited 
primarily to ferns and mosses, and there is a moderate 
to sparse understory of P. strobus, T. occidentalis, Acer 
nibrum, and Tsuga canadensis.

The remaining 2,300-m fringe portion of the yard is 
dominated by P. strobus, A. rubrum, Betula alleghanien- 
sis, and T. canadensis. Eorest structure is similar to that 
found in the core area, however there is generally less 
winter cover available in the understory. This is due 
primarily to the replacement of T. occidentalis with 
hardwood species in the fringe understory.

The few wetland areas along the western edge of the 
deer yard consist primarily of A. rubrum, Betida populi- 
folia, and Alnus rugosa. These areas are interspersed 
with shallow to deep pockets of standing water which 
expand and deepen to the west of the study area. These 
deep open water areas are spring-fed and effectively 
preclude deer movements to the west even in winter, 
since they generally do not freeze solidly.
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METHODOLOGY 

Browse density surveys
A total of five transects aligned parallel to the right-of- 
way were established in the Jadwin study area. The 
center transect was established along the pipeline cen
terline, with the remaining four located at 1 0  m and 60 
m respectively from either side of the right-of-way. A 
total of 2 1  stations were established along each of the 
five transects, at 30-m intervals, to correspond to the 
area of highest winter use within the yard. Transects 
and stations were established in 1991 and marked with 
colored flagging. These same transects and stations 
were used throughout the study period to provide a 
consistent means of locating data collection points.

Densities of browse plants (stems/m^) along these 
transects were determined using plot sampling. The 
number of stems 0.4-2.5 m high and less than 3 cm in 
diameter were counted on 4 m circular plots. A total of 
50 randomly located plots were evaluated on each tran
sect. Browsed and unbrowsed stems were recorded as 
separate categories.

Browse density surveys were performed in 1991 
prior to pipeline construction, and again in 1993 after 
construction and restoration of the right-of-way had 
been completed. The browse survey was designed to 
determine whether the anticipated loss of woody browse 
within the right-of-way following pipeline installation 
would result in a significant decrease in browse availabil
ity as compared to off right-of-way areas within the 
yard, rather than to provide a comparison among 
years, so that natural fluctuations in browse produc
tion from year to year did not influence the results. A 
chi-square (x )̂ "goodness of fit" test was used to deter
mine whether there was a statistically significant dif
ference in browse availability between transects in a 
given year, both prior to construction and after restora
tion was completed, at a 95% confidence level.

Track count surveys
Track count surveys were conducted using the same 
transects and stations established for the browse den
sity surveys. Track surveys were performed within 72 
hours of a snowfall of 15 cm or more so that new tracks 
could be distinguished from old ones (Doucet et al. 
1979). Each transect was walked for its entire length, 
and the location, number, and direction of each track or 
set of tracks crossing the right-of-way was recorded. 
Measurements of snow depth to ground and to crust, 
the location of deer bed sites, and the location of any 
other evidence of heavy deer use were noted for refer
ence in data analysis.

Track surveys were performed in the winter of 
1990-91 prior to pipeline construction, and again in the 
winters of 1992-93 and 1993-94, after right-of-way res
toration was largely completed. In the spring of 1993, 
two rows of closely spaced 1.8 m (6 -ft) tall Picea glauca 
trees were planted across the right-of-way in six loca

tions within the Jadwin deer yard, in order to provide 
travel corridors for deer movements across the right- 
of-way. Consequently, the 1994 track survey was the 
only one conducted with planted travel corridors pre
sent on the right-of-way.

The number of crossings along each transect in any 
given year of the survey was compared using a chi- 
square (x )̂ "goodness of fit" test to determine whether 
there was any difference in use between right-of-way, 
edge, and interior transects at a 95% confidence level. 
No comparisons were made between years so that 
natural fluctuations in deer use of the yard resulting 
from factors such as severity of winter weather did not 
influence the results.

RESULTS

Browse density surveys
Browse density surveys were conducted prior to con
struction of the pipeline in the spring of 1991, and again 
in the fall of 1993 after construction and restoration were 
largely completed. Results were tabulated as the number 
of browsed and unbrowsed stems per square meter on 
each transect. Table 1 sununarizes the results of the 
browse density surveys. Both the total number of stems 
(browsed + unbrowsed), and the number of browsed 
stems only, were evaluated to determine potential differ
ences in browse availability among the transects.

A chi-square analysis of the 1991 pre-construction 
browse data indicates there is no statistically signifi
cant difference in browse availability among the tran
sects surveyed at a 95% confidence level. Although 
transect C (centerline) showed higher levels of browse 
availability than the other transects, these were deter
mined not to be statistically significant, both when count
ing browsed stems only (x  ̂= 0.41, 2 d.f., P < 0.05), and 
when including browsed and unbrowsed stems (x̂  = 5.7, 
2 d.f., P < 0.05).

An analysis of the 1993 post-construction browse 
data also indicates there is no statistically significant 
difference in browse availability among the transects. 
Because the post-construction browse survey was con
ducted only two years after installation of the pipeline, 
virtually no woody browse had yet reestablished on 
the right-of-way centerline transect (C) at the time of 
survey. This lack of woody browse on the right-of-way.

Table 1. Summary of browse density survey results

Survey
year

Number of stems/m^ (browsed/unbrowsed)

A* B C D E

1991
1993

1.9/4.7
1.0/0.4

1 .8 /2 . 8  

1 .4/0.6
3.0/10.9 N/A 
0/0 1.7/0.7

N/A 
1.7/0.7

*A-E denote transect designations. 
Source; Phenix Environmental, Inc. 1996.
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however, was not sufficient to cause a statistically signifi
cant difference in browse availability among the transects 
overall, either when counting browsed stems only = 
1.7,4 d.f., P < 0.05), or when including both browsed and 
imbrowsed stems = 2.5,4 d.f., P < 0.05).

In summary, there was no statistically significant 
difference in browse availability indicated among the 
transects, either in 1991 or 1993, at the 95% confidence 
level.

Track count surveys
Table 2 presents the mean snow depths, both to crust 

and to ground, recorded during the three track sur
veys. Snow depths to ground were higher in 1993 and 
1994 than in the pre-construction survey, however 
depth to crust was similar in 1991 and 1994. The mean 
depth to crust in 1993 was greater than in either the 
1991 or 1994 survey.

Track count data were collected as the number of 
crossings on each transect. The track count survey re
sults for all three years are summarized in Table 3.

An analysis of the 1991 pre-construction track count 
data shows that there are statistically differences in use 
among the transects = 30.8, 4 d.f., P < 0.05). The 
centerline (C) and eastern edge (D) transects were used 
most heavily, while the westernmost transects (A and 
B) were used to a lesser degree. The heaviest use on all 
five transects occurred toward the southern end of the 
deer yard.

A chi-square analysis of the 1993 track count survey 
results also shows a statistically significant difference 
in use among the transects = 16.8,4 d.f., P < 0.05). In 
1993, the centerline transect (C) was used less than any

Table 2. Mean snow depths along transects in survey years 
1991,1993, and 1994

Survey
year

Snow depth to crust/to ground (cm)

B C D

1991 18/23 22/25 17/19 22/25 14/17
1993 50/75 55/76 43/77 47/72 46/66
1994 20/76 15/60 15/73 28/63 25/75

*A-E denote transect designations. 
Source: Phenix Environmental, Inc. 1996.

Table 3. Summary of track count survey results

Survey
year

Number of crossings

A* B C D E

1991 24 18 55 52 31
1993 57 45 26 63 53
1994 23 13 28 14 18

*A-E denote transect designations. 
Source: Phenix Environmental, Inc. 1996.

of the edge or interior transects. It should be noted that 
1993 also had the deepest snow depths to crust of any 
survey year, and travel corridor plantings had not yet 
been installed.

An analysis of the 1994 track count survey data 
shows no statistically significant difference in use 
among the transects = 8.3, 4 d.f., P < 0.05). The 
centerline transect (C) was used slightly more than the 
edge or interior zone transects (A, B, D, E), however the 
differences in use were not statistically significant at 
the 95% confidence level. Planted travel corridors had 
been installed on the right-of-way prior to the collec
tion of 1994 data, however there were no crossings 
recorded in the immediate vicinity of any of the plant
ings. In addition, although not protected by fencing or 
similar measures, no browsing of the planted trees within 
the travel corridors was observed. Consequently, al
though deer use of the right-of-way increased in 1994 
following the installation of the corridors, there was no 
direct evidence of their use by deer, and thus their bene
ficial effect is somewhat speculative.

In summary, there was a statistically significant dif
ference in use among the transects at a 95% confidence 
level both in 1991 and 1993; however, there was no 
significant difference in use indicated by the 1994 data.

DISCUSSION 

Browse density surveys
Based on analyses of 1991 and 1993 browse data, there 
was no significant difference in browse availability 
among the transects in either year. Introduction of a right- 
of-way into the deer yard did result in a decrease in 
woody browse available on the cleared right-of-way, but 
this was not sufficient to result in a statistically significant 
difference in browse availability overall within the yard.

These findings are somewhat in contrast to a number 
of previous studies which have found that rights-of-way 
can be an important source of winter browse (Potvin 
1972; Goodwin 1975; Cavanaugh et al. 1976; Eaton and 
Gates 1979; Potvin and Huot 1979; Bramble and Byrnes 
1981; Cerratini 1987; Garant and Doucet 1995). The lack of 
woody browse on the right-of-way in this study is largely 
due to the short duration of the study following pipeline 
installation (two years), which did not permit sufficient 
time for woody species to become reestablished. Over 
time, the availability of browse on the right-of-way wiU 
likely increase to some degree as woody species 
recolonize cleared areas. Portions of the temporary con
struction right-of-way will be allowed to revert entirely to 
natural woody vegetation, and the permanent 15-m 
right-of-way wiU be maintained by mechanical mowing 
only once every 5-7 years, allowing some colonization of 
the permanent right-of-way by woody species in the in
terim. For example, Lunseth (1987) found that browse 
production on a 17-year old pipeline right-of-way was 
significantly greater than on one only two years old.
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Differences in maintenance techniques between trans
mission line and pipeline rights-of-way will minimize the 
degree to which woody browse reestablishes on the IGTS 
right-of-way in future years, and thus will likely contrib
ute to future differences in browse availability on the 
pipeline right-of-way relative to the electric transmission 
line corridors examined in previous studies. Electric 
transmission line rights-of-way are generally maintained 
in a state of low-growing woody vegetation (i.e., small 
trees and shrubs), while the 15-m permanent Iroquois 
pipeline right-of-way will be maintained in primarily 
herbaceous vegetation over the life of the pipeline. Con
sequently, it can be expected that browse availability will 
be somewhat less than in similar electric transmission line 
corridors over the life of the pipeline.

As a result of clearing of the right-of-way and sub
sequent revegetation with grasses and legumes, there 
was a shift from woody browse to herbaceous forage 
within the right-of-way. As noted above, this loss of 
woody browse did not result in a statistically significant 
difference in woody browse availability among the tran
sects throughout the yard; however, it does represent 
the loss of a small amount of woody browse within the 
permanent right-of-way. This change from woody 
browse to herbaceous forage may in fact represent an 
overall improvement in habitat diversity, as there is 
generally little to no herbaceous forage available in off 
right-of-way transects at any time throughout the year. 
Lunseth (1987) also found that the presence of a pipe
line right-of-way increased vegetation diversity.

Herbaceous forage is generally not available in the 
winter months due to deep snow cover, so the value of 
any increased habitat diversity is likely minimized at 
this time of year. However, scrapings where deer were 
apparently attempting to reach herbaceous forage 
through the snow cover on the right-of-way were fairly 
common during the 1993 survey, and even more so in 
1994. In addition, several springs were evident on the 
right-of-way following pipeline construction through 
the deer yard. Snow depths aroimd these springs were 
generally much less than in adjacent areas, and deer use 
of these springs was fairly heavy. Scrapings aroimd these 
springs where there was little snow cover were also fairly 
common. Consequently, although introduction of the 
right-of-way represented a small loss of woody browse, 
this may well be offset by an increased availability of 
water and herbaceous forage on the right-of-way.

Track count surveys
Analyses of track count data indicate a statistically 
significant difference in use among the transects in 
1991 and 1993, but not in 1994. Use of the right-of-way 
transect was low in 1993, but high in 1991 and 1994. In 
1994, the right-of-way was actually used more heavily 
than any of the edge or interior transects. Travel corri
dors had been planted on the right-of-way prior to the 
1994 survey, so these may have been a factor in use of 
the right-of-way by deer. However, no crossings were

recorded on the right-of-way in the immediate vicinity 
of the planted travel corridors, so their value in provid
ing access points for deer to cross the right-of-way has 
not been established. Willey and Marion (1980) and 
Lamothe and Dupuy (1984) also found that planted 
travel corridors generally tend to promote deer cross
ings of rights-of-way.

The lack of travel corridors in 1993 may have been a 
factor in the low use of the right-of-way by deer in that 
year, however the high snow depth to crust in 1993 was 
likely the most significant factor. The depth to crust 
was 43 cm in 1993, but only 15 cm in the 1994 survey. 
Deep snow impedes deer mobility, thus discouraging 
crossings of the right-of-way and restricting deer to the 
edge and interior zones, where there is greater cover. 
The deep snows in 1993 also tended to cover many of 
the springs which were exposed in 1994. This may also 
have been a factor in low deer use of the right-of-way 
in 1993. The local deer population becoming accus
tomed to the presence of the right-of-way over the 
length of the study may also have been a factor in 
greater use of the right-of-way in 1994.

Notes made on the presence of deer beds along each 
of the transects indicate that the introduction of the right- 
of-way did not discourage bedding along its edges. There 
were numerous beds noted along the edge transects (B 
and D) both in 1993 and 1994. Consequently, it can be 
assumed that the 1 0 -m separation of the edge transects 
from the right-of-way was a sufficient distance to pro
vide deer adequate cover for bedding.

In summary, the presence of the 2 0 -m pipeline right- 
of-way in the Jadwin deer yard did not discourage deer 
use or crossings of the right-of-way area in 1994. This is 
in contrast to a number of previous studies which 
found deer use and movements in winter yards to be 
restricted in electric transmission line rights-of-way 
(Coodwin 1975; Doucet et al. 1979; Jackson and Heck- 
lau 1995). However, the existing literature does not 
pinpoint the specific width which precludes or signifi
cantly restricts winter use of a right-of-way. The rights- 
of-way examined in previous studies were 
significantly wider (ranging from 30 to over 90 m) than 
the 20-m Iroquois right-of-way. Consequently, the nar
rower width was likely a factor in its greater use than 
those examined in previous studies. The presence of 
planted travel corridors may also be a contributing 
factor to the greater use of the 2 0 -m right-of-way.

CONCLUSIONS 

Browse density surveys
The introduction of the 20-m wide ICTS right-of-way 
into the Jadwin deer yard did not result in a significant 
difference in browse availability among the various 
transects established in the yard. There was a small loss 
of woody browse within the right-of-way proper, how
ever the loss was insufficient to cause a statistically
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significant difference in browse availability among the 
transects at the 95% confidence level.

Track count surveys
The introduction of the 20-m Iroquois right-of-way did 
result in significant differences in use among the tran
sects in 1993, but by 1994 there were no differences in 
use apparent. Potential factors contributing to differ
ences in use in 1993 include high snow depths, lack of 
travel corridors, and deer being unaccustomed to the 
presence of the right-of-way. Conversely, potential fac
tors in these differences being eliminated by 1994 in
clude lesser snow depths (and thus greater availability 
of water and herbaceous forage on the right-of-way), 
the presence of travel corridors, and deer becoming 
accustomed to the presence of the right-of-way.

Based on the 1994 data, the introduction of the 20-m 
wide right-of-way did not result in significant changes 
in deer movement patterns through the yard, and did 
not discourage deer from crossing the right-of-way and 
making full utilization of the entire wintering area. 
Since 1994 is the only year of survey where there were 
planted travel corridors present on the right-of-way, 
they likely had a beneficial effect on the willingness of 
deer to cross the right-of-way. However, this cannot be 
firmly established since there was no evidence of deer 
using these corridors directly to cross the right-of-way.
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Effects of Clear-Cutting and Debris Removal
on Ruffed Grouse Activity in an 

Experimental RIght-of-Way

G. Jean Doucet, Ross MacCulloch, and J. Roger Bider

Logging operation clear-cuts and utility rights-of-way are plentiful in many parts of ruffed grouse 
(Bonasa umbellus) range. The effects of such clearings on regional populations could be important 
in grouse management. Limited information is available concerning effects of the original clear-cut
ting of a right-of-way on ruffed grouse. The objective of this experiment was to determine the effect 
of the original clear-cutting and debris removal in a 2 0  m wide experimental right-of-way on the 
activity and habitat utilization of ruffed grouse. Grouse activity was recorded using the sand 
transect technique. Data collected before (1971,1972) and after (1973,1974) the clearing were used 
to determine the change in grouse activity in cleared versus forested areas. In 1973, no grouse 
activity was recorded in the study area. In 1974, summer grouse activity was much higher in the 
experimental right-of-way compared to the control area. It is difficult to determine if food or cover 
was responsible for the increase in activity recorded in the cleared area in 1974.

Keywords: Activity, Bonasa umbellus, clear-cut, right-of-way, ruffed grouse, sand transect

INTRODUCTION

The effects of vegetation disturbance on ruffed grouse 
{Bonasa umbellus) abundance and habitat utilization 
have been discussed by several authors. Rusch and 
Keith (1971) reported that ruffed grouse fed on willows 
{Salix spp.) in a recently burned area during winter in 
Alberta. Small openings in forested areas are important 
for ruffed grouse activity (Bump et al. 1947, Sharp 1963, 
Berner and Gyzel 1969, Gullion 1972). Schemnitz and 
Byrnes (1963) observed greater counts of ruffed grouse 
in older rights-of-way treated with herbicides while 
Bramble and Byrnes (1982) observed feeding by ruffed 
grouse on pioneer vegetation in established rights-of- 
way in Peimsylvania. Hollifield and Dimmick (1995) 
estimated the biomass of arthropods available to ruffed 
grouse in old logging roads. In general, ruffed grouse 
appears to be adapted to habitats in early stages of 
successional development.

Restoration of earlier successional stages in mature 
forests can be a tool in grouse habitat management. 
Clear-cuts from logging operations or utility rights-of- 
way are plentiful throughout most of ruffed grouse 
range and their effects on regional populations and

habitat utilization could be important in ruffed grouse 
management. The effects of large clearings have been 
studied, but limited information exists concerning the 
effects of original clear-cutting of rights-of-way on 
ruffed grouse. The objective of this study was to deter
mine the effect of original clear-cutting and debris re
moval from an experimental right-of-way on activity 
and habitat utilization of ruffed grouse.

STUDY AREA

The field work was carried out during four consecutive 
summers (1971-1974) at the Lac Carre ecological sta
tion, 110 km northwest of Montreal, Quebec (46°09' N, 
74°29' W). The study area included two habitats: (1) an 
old field, approximately 10 ha, last pastured in 1953 
and planted with 20—40 cm balsam firs {Abies balsamea) 
in 1962, and (2) an adjacent stand of mixed forest. 
Succession in the old field was advanced and vegeta
tion was characterized by willows, trembling aspen 
{Populus tremuloides), wild red cherry {Primus pensyl- 
vanica), balsam fir and white birch {Betula papyrifera). 
Goldenrods {Solidago spp.) were the most common tall
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Table 1. Total numbers of ruffed grouse crossings over the sand transects in the summers 1971-1974

Year Sampling dates Control transect (140 m) 
no. of crossings

Treatment transect (75 m) no. 
of crossings

Ratio control/ 
treatment

1971 04 July-30 Sept. 129 (0.92) 171 (2.28) 1/2.47
1972 14 June-23 Aug. 40 (0.29) 55 (0.73) 1/2.52
1973 17 Aug.-16 Sept. 0  (0 .0 0 ) 0  (0 .0 0 ) -

1974 30 June-08 Aug. 28 (0 .2 0 ) 212 (2.83) 1/14.15

0  Numbers in brackets indicate the number of crossings/m of transect.

herbs. Except for poplars and willows, few trees 
reached 3 m in height in the old field section. The mixed 
forest was characterized by poplars, balsam firs and 
maples {Acer spp.) which often reached 25 m in height. 
The understory consisted of wild red cherry, choke- 
cherry {Primus virginiana), white birch and hazelnut 
{Corylus cornuta). The ground vegetation included club 
moss {Lycopodium spp.), bracken {Pteridium aquilinum), 
blueberries {Vaccinium spp.) and bush honeysuckle 
{Diervilla lonicera) along with short and tall herbs. Bider 
(1968) and Wishart and Bider (1976) have described the 
vegetation in detail.

METHODS

Grouse activity was recorded using the sand transect 
technique (Bider 1968). Tracks were read at least four 
times a day and total daily activity was recorded as the 
number of grouse crossings over a 140 m long control 
transect and a 75 m treatment transect. The two tran
sects were located 250 m apart and consisted of 50 cm 
wide strips of fine sand laid out under a 1.7 m wide and 
2  m high polyethylene canopy to protect the transect 
fine sand from rain. The use of uneven lengths of tran
sects to obtain data on grouse for this experiment is due 
to the fact that we used sand transects laid out in the 
area for multiple studies on animal communities and 
not specifically for the experiment reported in the pre
sent paper. Since results are compared in terms of ratio 
for given lengths of transect, the uneven transect 
lengths have no bearing on the results. Transects were 
read al least four times each day and the total daily 
numbers are tabulated to give the annual total. Data 
were recorded continuously for entire sampling peri
ods, however, a few days had to be excluded from the 
data set due to transect washouts by rain.

The treatment area was clear-cut between 22 August 
and 31 August 1972. Unlike conventional logging 
where most trees are felled and slash is left on the 
ground, trees and shrubs in the experimental right-of- 
way were cut manually with chain saws and hand 
tools. Great care was taken to spare the transect. Trees, 
branches and debris from the cutting were removed 
from the treatment (clear-cut) area. The treatment tran
sect remained operational and was read along with the

control transect during the cut and slash removal op
eration. The linear forest opening created a 20 m wide 
experimental right-of-way. Data collected before (1971, 
1972) and after (1973, 1974) the clearing are used to 
determine the change in grouse activity in the cleared 
versus forested areas.

RESULTS AND DISCUSSION

Grouse activity is reported as annual totals for each 
year and as the number of crossings of grouse per 
meter of transect for the entire summer sampling peri
ods (Table 1). The number of crossings/m of control 
transect were 0.92 and 0.29 for 1971 and 1972 respec
tively. The number of crossings/m of treatment tran
sect were 2.28 and 0.73 for 1971 and 1972 respectively. 
These data yield similar control/treatment ratios of 
1/2.47 for 1971 and 1/2.52 for 1972, before cutting 
(Table 1).

In the first summer after the clear-cut (1973), the 
transects were read for one month. No grouse crossings 
were recorded during that period (Table 1). Obviously 
no grouse were in the study area at that time. Bergerud 
(1988) considers predation to be a major mortality fac
tor for grouse. We can only speculate that local popu
lation changes, poor spring survival or predation could 
be responsible for these 1973 results.

In 1974, 28 grouse crossings were recorded on the 
control (uncut) transect while 2 1 2  crossings were re
corded on the treatment transect (Table 1). This repre
sents an activity rate of 0 . 2 0  crossings/m of transect on 
the control and 2.83/m on the treatment. The 1/14.15 
ratio was more than a five-fold increase from the 1 /2.5 
recorded before (1971 and 1972) the clear-cut and 
clearly indicated that summer grouse activity was 
much higher in the experimental right-of-way two 
years after the clear-cut.

Openings less than half a hectare in deciduous forest 
are important for broods (Sharp 1963) and ground 
vegetation can serve as food and cover against preda
tors and inclement weather. Schemnitz and Byrnes 
(1963) and Bramble and Byrnes (1982) observed ruffed 
grouse activity in well established rights-of-way, while 
Bevanger (1993) reported high willow ptarmigan 
{Lagopus lagopus) in powerline rights-of-way in Norway.
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Availability of food and ground cover are the two 
major reasons why ruffed grouse would use cleared 
areas. In forest openings, food availability is often in
creased (Seastedt and Crossley 1981). The clearing in 
our study supported great amounts of aspen and wil
low coppice, blueberries, raspberries {Rubus spp.), 
goldenrods and other species. Ground insect activity 
increased significantly in the treatment area in 1974 
(Doucet and Eider 1984) and insects can be important 
food for young grouse (Bump et al. 1947). In addition, 
the thick vegetation stratum of the first meter above 
ground offered grouse and especially broods excellent 
cover from predators and direct sunlight.

In 1974, at the treatment transect, most of fhe activity 
(6 8 %) occurred before 9:00 a.m. while the remainder of 
activity occurred in the afternoon and early evening. It 
is possible that grouse were taking advantage of the 
abundant insect food source (Doucet and Eider 1984). 
Hollifield and Dimmick (1995) observed high inverte
brate populations m old logging roads in the Appalachi
ans. Ruffed grouse were also very active in these old 
roads (Hollifield and Dimmick 1995). However, it re
mains difficult to determine if food or cover was respon
sible for the increase in activity recorded in the cleared 
area in 1974. Possibly, the two factors were complement
ing each other in providing favorable grouse habitat.

CONCLUSION

Data presented show that grouse were more active in a 
cleared experimental right-of-way fhan in the adjacent 
forest two years after the clear-cut. However, it is diffi
cult to identify the causal factors. The micro-habitat at 
ground level was greatly modified by the clear-cut and 
possibly the interaction of cover and food were respon
sible for the increased grouse activity recorded. We 
postulate that recently cleared rights-of-way produce 
favorable summer habitat for ruffed grouse in north
eastern forests. However studies are needed on a larger 
scale to address questions related to: cover, food (in
cluding invertebrates), drumming sites and predation 
in assessing the quality of rights-of-way as ruffed 
grouse habitat.
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Snowshoe Hare, Red Squirrel and Gray 
Squirrel Winter Activity in a 120 kV 

Powerline Right-of-Way and in
Adjacent Forests

G. Jean Doucet and David T. Brown

Snowshoe hare {Lepus americanus), red squirrel {Tamiasdurus hudsonicus) and gray squirrel {Sdurus 
carolinensis) activity was monitored during two winters in a 30 m wide 120 kV powerline right-of- 
way on Rigaud mountain in Vaudreuil County, Quebec. Track counts in the snow indicated that 
hares were significantly more active in the adjacent forest than in the right-of-way itself. During 
the first winter of the study, there was no vegetation emerging from the snow and there were no 
complete crossings of the right-of-way by hares. All observed hare trails entering the right-of-way 
returned to the side they came from without crossing. During the second winter, the vegetation in 
the right-of-way was thicker and hares began crossing the right-of-way. By the end of January of 
the second winter, no hare trails were recorded in either the forest on one side of the right-of-way 
or in the right-of-way itself. Hares continued to create trails on the other side of the right-of-way 
until early February when hare activity ceased throughout the general area. These observations 
could be the results of indirect factors such as disease or predation being more intense on one side 
of the right-of-way or being impeded in moving from one side to the other. Red squirrels and gray 
squirrels crossed the right-of-way throughout the 1981-82 winter but the activity was significantly 
higher in the adjacent forest than in the right-of-way. These results underline the need for studies 
on habitat fragmentation and small mammals related to utility rights-of-way.

Keywords: Habitat fragmentation, right-of-way, snowshoe hare, squirrels, 120 kV

INTRODUCTION

In the past, wildlife concerns in right-of-way routing 
were mainly focused on habitat loss and many routing 
studies only considered game species (Doucet et al. 
1984). More recently rights-of-way studies have in
cluded habitat fragmentation issues (Piepers and Bek- 
ker 1995, Kamstra et al. 1995, Mousseau et al. 1995). 
However, there are still very limited data on the effects 
of a powerline right-of-way on animal communities 
(Bramwell and Bider 1981, Ladino and Gates 1981, 
Doucet and Bider 1984). The objective of this paper is 
to present data on the fragmentation of snowshoe hare 
(Lepus americanus), red squirrel (Tamiasdurus hudsoni
cus) and gray squirrel (Sdurus carolinensis) habitat by 
powerline rights-of-way.

STUDY AREA

Data were collected during the winters of 1980-81 and 
1981-82 in the Rigaud deer yard located approximately 
60 km west of Montreal, in Vaudreuil County, Quebec 
(45°26'N, 74°20'W). The powerline right-of-way where 
the experiment was conducted was 30 m wide and 
contained a twin-pole 120 kV transmission line built in 
1972 (Fig. 1). The forest habitat near the right-of-way 
was characterized by deciduous or mixed stands inter
spersed with small islands of hemlock (Tsuga canaden
sis) and balsam fir (Ahies balsamea). Other species 
included hawthorn (Crataegus spp.), sumac (Rhus ty- 
phina), red-osier dogwood (Cornus stolonifera), trem
bling aspen (Populus tremuloides), eastern cottonwood 
(Populus deltoides), balsam poplar (Populus balsamifera),
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Fig. 1. The study area.

American elm {Ulmus americana), ashes (Fraxinus spp.), 
choke-cherry {Prunus virginiana), sugar maple {Acer 
saccharum), red maple {Acer rubrum) and willows {Salix 
spp.). The right-of-way also bisected a stand of mature 
white cedars {Thuja occidentalis). During the fall 1980, 
the entire right-of-way was mechanically cut and 
treated with a herbicide. The following summer (1981) 
more than 150 plant species were observed in the right- 
of-way, including trembling aspen, eastern cotton
wood, balsam poplar, willows, red-osier dogwood, 
sumac, ash and various tall and short herbs. The first 
winter (1980-81) of the study was unusual with little 
snow accumulation on the ground. However, during 
the winter of 1981-82 the snow accumulation on the 
ground exceeded 50 cm for 40 consecutive days. Dur
ing that period (mid-winter 1982), very few plants were 
tall enough to emerge through the snow.

METHODS

These data on hare and sciurids were collected while 
monitoring winter activity of deer on linear transects. 
Data were collected by observers walking a 1.22 km 
right-of-way segment running between a concession 
road (St-Henri Rd.) and agricultural lands. Surveys 
were done three to five days after a snowfall that cov
ered all existing tracks. Habitat utilization was deter
mined by tabulating the number of snowshoe hare, red 
squirrel and gray squirrel trails crossing four parallel 
transects oriented along the same axis as the 30 m wide 
right-of-way. Two transects were located within the 
right-of-way, each being approximately 6  m from the 
outer edges of the clear-cut area. The other two tran
sects were located In the uncut forest 30 m outside the 
edge of the clear-cut area. Snowshoe hare tracks were 
recorded during two winters (1980-81,1981-82) while 
squirrel tracks were recorded during a single winter 
(1981-82). Since snow conditions (ex. drift, melt) make 
it practically impossible to distinguish red squirrel 
tracks from those of gray squirrels with certainty, sci- 
urid data were pooled.

RESULTS AND DISCUSSION

During the winter of 1980-81, very little snowshoe hare 
activity was recorded in the right-of-way while up to 
52 trails crossed the 1.22 km survey transect in the 
wooded area (Table 1). During the first winter, there 
was no vegetation emerging from the snow and at no 
point did hares cross the entire right-of-way. Any hares 
entering the right-of-way returned to the woods from 
fhe same side they entered. Snow cover was greatly 
reduced by the end of January in the first winter and 
hare trails could no longer be followed. December 1981 
surveys conducted during the second winter, indicated 
more hare activity in the forest on each side of fhe 
right-of-way, but also several crossings of the entire 
right-of-way were observed (Table 1). Snow depth was 
greater during the second winter but some vegetation 
was showing through, especially early in the winter. 
Snow depth in the right-of-way during February and 
March 1982 was between 45 and 60 cm.

A major change in hare activity patterns was recorded 
in late January 1982 when 56 hare trails were recorded in 
the forest on one side of the right-of-way while no activity 
was recorded on the other three transects (Table 1). No 
hare tracks were observed in the general area after the 
first of February 1982 and during the rest of the winter. It 
is difficult to determine what triggered this crash in hare 
activity on only one side of the right-of-way. However, 
the notable difference suggests that newly cleared pow- 
erhne rights-of-way represent a barrier to hare move
ments, affecting activity patterns and isolating local 
wildlife populahons over the course of a given winter. 
Hare could be in competition with white-tailed deer 
{Odocoileus virginiamis) for the available food in the 
right-of-way (Brown and Doucet 1991). For example, 
both species were observed to feed on red-osier dog
wood in the right-of-way during the winter. However, 
we do not believe that interspecific competition could 
have caused the observed population crash. A more 
likely explanation is an outbreak of a communicable

Table 1. Number of tracks and trails of snowshoe hare observed 
in the right-of-way and adjacent forest during the winters of 

1980-82

Date Forest
West

ROW
West

ROW
East

Forest
East

05/12/80 37 0 0 32
30/12/80 29 0 1 1 1

15/01/81 2 0 0 6 52

Total 80-81 8 6 0 7 95

14/12/81 47 2 9 31
31/12/81 96 25 1 1 35
27/01/82 56 0 0 0

Total 81-82 199 27 2 0 6 6
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Table 2. Number of tracks and trails of red and gray squirrels 
observed in the right-of-way and adjacent forest during the 

winter of 1981-82

Date Forest
West

ROW
West

ROW
East

Forest
East

14/12/81 27 5 1 0 56
31/12/81 6 4 0 13
27/01/82 3 2 3 15

Total 81-82 36 1 1 13 84

disease (e. g. tularemia) that was delayed in crossing 
the right-of-way due to limited hare movement.

As expected, red squirrels and gray squirrels were 
more active in the adjacent forest than in the right-of- 
way (Table 2). Although some sciurid trails crossed the 
right-of-way, most animals did not cross and returned 
to the side where they came from. These data again 
suggest that a denuded right-of-way may represent a 
barrier to red squirrel and gray squirrel movements in 
winter. Oxley et al. (1974) observed reduced small 
mammal activity across roads.

CONCLUSION

Lower snowshoe hare and sciurid activity levels were 
observed in the right-of-way than in the adjacent forest. 
Also, few hare and squirrel trails crossed the right-of- 
way from one forest stand to the other. These observa
tions suggest that rights-of-way may cause at least 
temporary habitat fragmentation in winter, especially 
during winters immediately following vegetation con
trol in the right-of-way.

The winter data on snowshoe hare, red squirrel and 
gray squirrel indicate that, although movements were 
impeded, small mammals can cross a 30 m wide pow
erline right-of-way during fhat season. Activity across 
the right-of-way was higher when some vegetation 
was showing through the snow in the right-of-way 
during the second winter. We would expect that the 
activity level would increase as more vegetation ap
pears in subsequent winters, particularly to the degree 
that resprouting shrubs become a desirable winter food 
source for hares.

The unusual pattern in hare activity the second win
ter indicates that something happened in the forest on 
one side of the right-of-way (activity crash) several 
weeks before it took place on the other side of the 
right-of-way. Whether these data indicate fragmenta
tion in relation to processes such as predation, disease, 
or man-induced mortality remains unanswered. No 
evidence of trapping or hunting was observed in the 
general area where the transects were located. Ongoing 
monitoring of small mammal movements is needed to

confirm whether such movements become less restricted 
as the right-of-way revegetates following vegetation con
trol. The data presented, albeit based on short surveys, 
underline the need to document the role of rights-of-way 
in habitat fragmentation and animal communities.
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White-Tailed Deer { O d o c o i l e u s  v i r g i n i a n u s )  

Use of Forested Travel Corridors in a Twin 
735 kV Powerline Right-of-Way — 20 Years

of Observations

G. Jean Doucet and Yves Garant

To avoid long detours in routing the first corridor of the James Bay high voltage transmission 
network, the 150 m wide right-of-way was routed through the Hill Head and La Macaza white
tailed deer {Odocoileus virginianus) winter yards. Bisecting deer yards with such a wide right-of-way 
raised questions about post-construction deer movement in these yards; especially across the 
right-of-way movement. The issue was resolved by leaving forested travel lanes for deer in the 
right-of-way. These lanes were located at sites where, over the years, deer had established networks 
of trails and runways in the forest. Tower heights were increased from 50 to 75 m in order to obtain 
allowable conductor/tree clearance at Hill Head. Deer winter activity pattern was monitored 
before (1978) and after (1979-1980) construction. Deer used the travel lanes during the first winter. 
Various aerial and pellet group surveys conducted between 1986 and 1994 indicate that deer are 
still using these forested travel lanes, more than 17 years after construction. It is our opinion that 
under certain circumstances, travel lanes could be successful to address specific habitat fragmen
tation concerns.

Keywords: Activity, deer yard, forested travel lane, habitat fragmentation, powerline, Quebec, 
right-of-way, white-tailed deer, winter, 735 kV

INTRODUCTION

Over the past 20 years, the routing of powerline rights- 
of-way through white-tailed deer (Odocoileus virgini
anus) winter yards has triggered heated debates 
concerning the possible impacts of rights-of-way on 
these protected habitats in Quebec. When a right-of- 
way is selected to cross a deer yard, utility biologists 
consider various mitigation measures, such as winter 
clearing, mechanical rather than chemical vegetation 
control and conservation of forested travel lanes within 
the right-of-way. The first two are aimed at improving 
browsing conditions, while the forested corridors are 
meant to protect existing cover. The efficiency of such 
measures are rarely followed for more than a few years.

In the mid 1970s, to avoid long detours in routing 
the first corridor of the James Bay high voltage 735 kV 
transmission network, the 150 m wide right-of-way 
(twin lines) was routed through the Hill Head and La

Macaza white-tailed deer winter yards in southern 
Quebec. This raised great concerns about habitat frag
mentation in relation to post-construction winter deer 
movement in these yards; especially across the right- 
of-way movement. The issue was addressed by leaving 
forested travel lanes for deer in the right-of-way. These 
lanes were located at sites where networks of deer trails 
and runways were already established over the years 
in the forest. Deer winter activity in those forested lanes 
was monitored before (1978) and after (1979-1980 and 
1986-1994) construction.

The 150 m wide right-of-way was cleared in February- 
April 1979 and six forested vegetation travel lanes were 
left in the right-of-way in two different deer yards (four 
in Hill Head, and two in La Macaza). To achieve re
quired conductor/tree clearance, towers were raised 25 
m in the Hill Head deer yard (Lamothe and Dupuy 1984). 
Locating towers on high points achieved the required 
conductor/tree clearance in the La Macaza yard.
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The objective of this paper is to report on the fate and 
deer use of forested travel corridors left in a 150 m wide 
powerline right-of-way to facilitate deer movement 
across the right-of-way in yards during winter. The 
data address both the life of the mitigation measure 
and deer activity in these corridors over the years.

STUDY AREA

The Hill Head (49 km^) and La Macaza (160 km^) deer 
yards are located respectively 40 km and 120 km north
west of Montreal (Quebec). The Hill Head yard pre
sents a southern exposure with rolling topography and 
has harbored approximately 500 deer over the years. 
Mixed stands of sugar maple {Acer saccharum), Ameri
can beech {Fagus grandifolia), Canada hemlock (Tsuga 
canadensis), white pine {Pinus strobus), and white 
spruce {Picea glauca) are the dominant cover types in 
the Hill Head yard. Four forested travel lanes were left 
in the Hill Head right-of-way, including two, lanes A 
and B, in the core of the yard (Figs. 1 and 2).

Surveyor lines

Travel lane 

Tower site 2 

Cleared area 

Adjacent forest

Source BELT, 1981

Fig. 2. Forested travel lanes in the Hill Head deer yard.

Fig. 3. Forested travel lane in the La Macaza deer yard.

The La Macaza deer yard is located at the north
ernmost limit of the white-tailed deer range in Quebec. 
In the vicinity of the powerline right-of-way, the yard 
habitat is dominated by deciduous species such as 
trembling aspen {Populus tremuloides), paper birch 
{Betula papyrifera) and large-toothed aspen {Populus 
grandidentata), interspersed with coniferous species 
such as balsam fir {Abies balsamea), white spruce and 
Eastern white cedar {T h u ja  o c c id en ta lis ) . At construction  
time, two forested travel lanes were left in the right-of- 
way (Fig. 3). In recent years, the La Macaza yard has 
sheltered a winter population of 3000 to 4000 deer.

Both yards are bisected by a twin 735 kV powerline 
right-of-way from the James Bay network. The right-of- 
way is 150 m wide and is oriented in a north-south 
direction in both yards. It crosses the Hill Head yard 
over a distance of 3 km while it runs for 10 km through 
the La Macaza yard.

METHODS

Fig. 1. Schematic view of forested travel lanes in the Hill Head 
deer yard.

The Hill Head deer yard was surveyed more often than 
La Macaza because it was part of a monitoring network
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for 10 years and it was more accessible than the La 
Macaza yard. Observations of deer activity in the Hill 
Head yard were collected before (1978) and after (1979- 
1980) the construction of the powerline right-of-way. 
Various aerial surveys were conducted between 1986 
and 1995 to collect qualitative data on deer use in the 
right-of-way and travel lanes. Quantitative data on 
deer activity were obtained by pellet group surveys 
conducted in 1978, 1981 and from 1986 to 1992. For 
example, two travel lanes in the Hill Head yard were 
surveyed eight times for pellet groups over a 1 2  year 
period (1981-1992). Pellet-groups were tallied in 20-30 
sample plots (2x40 m) randomly distributed in travel 
lanes A and B (Fig. 2) located within the limits of the 
yard; at least half of the pellets had to be in the plot to 
be counted (Potvin 1978). We used a daily defecation 
rate of 13 pellet groups/day (Potvin 1978) to convert 
pellet groups/ha into deer-days/ha.

Although casual observations were recorded on sev
eral occasions, travel lanes located in the right-of-way 
of the La Macaza deer yard were not surveyed system
atically over the years. However, four aerial surveys 
were conducted; one in March 1993 and three during 
the 1994 winter (January-March). Deer tracks and run
ways in the right-of-way were tallied during each survey. 
No quantitative analysis of deer activity (pellet-group 
survey) was conducted in this yard.

RESULTS

Forested travel lanes left in the Hill Head and La Ma
caza deer yards are still in place and relatively intact 
after 20 years. In general, most forested travel lanes left 
in rights-of-way in Quebec deer yards have resisted 
windfall and have maintained the same forest vegeta
tion characteristics that were present when the rights- 
of-way were cleared.

Deer used the forested travel lanes to cross the Hill 
Head right-of-way during the winter of the clear-cut 
(during and after the clearing of the right-of-way). Run
ways located where lanes were maintained remained

Travel lana A BTravel larw B

MO 1M1 1M2

Fig. 4. Deer activity in the travel lanes in the Hill Head deer 
yard, based on pellet group counts.

active after construction (BELT 1981). Casual observa
tions during helicopter flights indicated that deer con
tinued to use forested travel lanes to cross the 
right-of-way in subsequent winters. Results from pellet 
group surveys also indicated (Fig. 4) that deer spent a 
lot of time in those two travel lanes in winter. Heavy 
deer use of travel lanes in the La Macaza right-of-way 
was observed during helicopter overflights in winter
time (e.g., Doucet and Bouchard 1995). One forested 
lane, located at the crossing of the Rouge river (Fig. 3), 
was intensively used according to the deer trail pat
terns observed near that site.

DISCUSSION

During the past 10 years, Hydro-Quebec conducted 
more than 1 0 0  winter overflights in rights-of-way lo
cated in deer yards. Deer can easily move across nar
row rights-of-way (30-60 m wide) in winter (Doucet et 
al. 1987). In all permanent yards visited, deer tracks 
and trails were always observed crossing open sections 
of rights-of-way, even in more than 1  m of snow, indi
cating that powerline rights-of-way do not represent 
an absolute barrier to deer movement in winter. How
ever, during deep snow conditions deer activity was 
mainly limited to major runways in the rights-of-way.

Although not a necessity for crossing rights-of-way, 
forested travel lanes are used by deer in winter. For
ested lanes left in conifer or mixed stands were gener
ally traveled more than those in deciduous stands 
indicating that cover is the main factor that affects deer 
activity level in forested corridors. Dasmarm (1971), 
Halls (1984) and Ozoga (1995) have presented exten
sive reviews on the importance of winter cover for deer 
in terms of climate, snow and escape from predation. 
Other studies have reported deer use of forested travel 
lanes in winter yards (Willey and Marion 1980, Doucet 
et al. 1983). Ad hoc aerial and ground observations also 
indicated that forested travel lanes left in the Watopeka 
deer yard (450 kV, cleared in 1989) and the Kingsey 
Falls deer yard (735 kV, cleared in 1987) are used by 
deer in winter to cross these rights-of-way (Garant 
1992). The key practical question is whether forested 
travel lanes should be mandatory in all rights-of-way 
in deer yards or used only in specific situations to 
reduce habitat fragmentation for white-tailed deer in 
wintertime. We postulate that, in wide rights-of-way 
(e.g., 735 kV) under deep snow condifions (e.g., val
leys), forested travel corridors facilitate deer move
ment across the right-of-way. As we approach the 
next millennium, the issue of wildlife habitat frag
mentation remains a serious concern (Harris 1984). 
The results observed in deer yards monitored in the 
present study indicate that forested lanes in rights- 
of-way could be used to reduce the fragmentation 
effect on a local level.
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CONCLUSION

Forested travel lanes appear to be long lasting mitiga
tion measures. Deer started to use forested travel lanes 
immediately after the clear-cutting of the rights-of-way 
in winter yards. In Hill Head and La Macaza yards, 
deer are still using the travel lanes almost 2 0  years after 
the original clearing. We can conclude that forested 
lanes are favorable habitats (not necessarily preferred 
sites) for deer to cross wide rights-of-way. Based on 
our observations, we postulate that forested travel 
lanes could be used to entice deer to cross a right-of- 
way in the event of habitat fragmentation in a north
ern yard. However, this remains to be tested in a field 
situation.
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Experimental Storage of Terrestrial Lichen 
and Implications for Reclamation of

Caribou Habitat

Randal Glaholt, Chris Meloche, and Laura VanHam

Terrestrial lichen form an important component of winter range for caribou inhabiting mountain
ous areas in northeastern British Columbia. Species of lichen belonging to the genera C etraria, 
Cladina and Stereocaulon  are common on these high elevation ranges and are typically found on 
more xeric sites characterized by unique edaphic conditions and often subject to wind scour and 
advanced snow melt. The present study was undertaken to experimentally investigate the feasibil
ity of lichen salvage and storage for subsequent use in restoration of lichen communities on alpine 
caribou range. Lichen were manually collected from an alpine site, air dried indoors for approxi
mately 75 days and then stored under three conditions; (1) outside, exposed to ambient conditions 
(Calgary, Alberta), (2) inside at room temperature in a ventilated plastic feedsack, and (3) in a 
freezer at a constant temperature of -15°C. The former storage condition allowed exposure to the 
regular photo period, the latter two conditions prevented light exposure of the lichen samples. 
Preliminary experiments investigating enzyme (nitrogenase) activity, respiration and photosyn
thesis, tissue cell count and growth were performed to examine the viability of stored samples as 
well as samples collected fresh at the time of experimentation. As expected, initial results indicate 
that fresh collected samples exhibit the highest viability as measured by the four analysis per
formed. Although all three storage treatments yield viable samples, room temperature stored 
samples appear to exhibit the highest viability in all but the nitrogenase activity test.

K eyw ords: Alpine, caribou, Cetraria, Cladina, lichen, Rangifer, reclamation, Stereocaulon

INTRODUCTION

A significant aspect of oil and gas activity within west
ern Canada involves exploration and development 
within previously undisturbed portions of the Rocky 
Mountains. Geological characteristics of the area, prac
tical limitations of directional drilling technology, local 
geography and use of conventional access methods still 
requires that some well sites, access roads and pipeline 
rights-of-way be constructed within alpine and high 
sub-alpine environments.

These same environments are also important to a 
number of wildlife species which are dependent on 
these areas for forage and predator avoidance. Among 
these, certain populations of "woodland" or "moun
tain" caribou {Rangifer tarandus caribou) are closely as
sociated with alpine and high sub-alpine environments 
and have been recognized as a special conservation 
concern. Woodland caribou diets in western Canada

show specific selection for a high percentage of terres
trial and/or arboreal lichen (Thomas et al. 1996, Russell 
et al. 1993, Stevenson and Hatler 1985). Studies of cari
bou diets suggest that in general, the Rangifer genus 
relies heavily on lichen in forage selection (Manseau et 
al. 1996, Skogland 1980) in particular during the winter 
season (Thomas et al. 1996, Bloomfield 1979, Wood 
1994). During winter, mountain inhabiting woodland 
caribou tend to utilize alpine and high sub-alpine areas 
(Wood 1994, Backmeyer 1994, TERA 1996) where cer
tain species of terrestrial lichen are common, particu
larly those belonging to genera Cladina and Cetraria 
(TERA 1996) (see Fig. 1). These foraging sites are typi
cally high elevation (e.g. >1,500 m asl), well drained 
alpine locations which appear to generally retain less 
snow cover than surrounding areas.

Vegetation communities within the alpine and 
high sub-alpine habitats are typically slow to establish 
and slow growing due to the extreme environmental
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Fig. 1. Woodland caribou {Rangifer tarandiis caribou) on typical 
alpine winter range in northeast British Columbia.

Fig. 2. Location of alpine caribou winter range to be traversed 
by exploration road.

conditions which include a very short growing period 
(Chambers 1995). Lichen are notable in this regard. For 
example, the growth rate for the rock colonizing, crus- 
tose lichen Rhizocarpon geographicum ((L.) DC.) has been 
reported in some alpine and sub-alpine environments 
to be as slow as 11 mm/century (Vitt et al. 1988). Even 
at their best, growth rates of lichen can be slow. For 
example, foliose lichens such as Peltigera rufescens 
((Weiss) Humb.), which typically grow in dry, exposed 
environments from montane to the alpine, has been re
ported to grow at a maximum rate of 27 mm/year (Ah- 
madjian 1993). Growth rates for the fruticose lichens 
widely used by caribou, such as Cladina mitis ((Sandst.) 
Hustien) and C. rangiferina ((L.) Nyl.), appear to be inter
mediate with growth rates reported to range from 5.2 
mm/year to 7.7 mm/year (Ahmadjian 1993). Depend
ing on the species, individual lichen may exhibit develop
mental characteristics suggesting growth over periods 
approaching a thousand years while others may attain 
full development within a few months to a few years 
(1-fonegger 1996). Reproduction in many species of lichen, 
with their characteristic algal (photobiont) and fungal 
(mycobiont) symbiotic association, is primarily associ
ated with the asexual production of new propagules 
(variously classed as soredia and isidia) or by fragmen
tation of the lichen thallus (body) (Vitt et al. 1988).

Our investigations were undertaken in conjunction 
with construction of a well site access road in north
eastern British Columbia. During the initial route selec
tion for the access road, efforts were made to avoid 
sensitive habitats including an area identified by biolo
gists as important caribou winter range. The caribou 
range identified was in a saddle adjoining two higher 
elevation alpine ridges (see Fig. 2). A large portion of 
the saddle had an extensive ground cover of terrestrial 
lichen dominated by Stereocaulon paschale with lesser 
representation by Cladina mitis, C. uncialis ((L.) Wigg.), 
Cetraria nivalis ((L.) Acn) and C. cucullata ((Bell.) Ach.) 
(classifications performed by Dr. D.H. Vitt). The final

route selected involved some encroachment on this 
lichen rich habitat.

Most lichens are remarkable in their ability to rehy
drate and resume normal metabolic functions follow
ing periods of desiccation (Nash 1996). In addition, 
Fchens are generally regarded as well adapted to the 
temperatures experienced in their particular micro habi
tats (Nash 1996). On a site like Mount Bickford, alpine 
terrestrial lichens survive cold, low light conditions for 
several months. Not surprisingly, previous experimenta
tion has shown that air dried lichens in dark storage 
conditions are quite tolerant of cold stress at both ex
tremely low temperatures (-196°C) (Kappen 1973) and 
for exfremely long periods (proven up to 3.5 years) 
(Larson 1978). Gradual thawing allows many species to 
resume normal photosynthetic activity (Nash 1996). 
These qualities of lichen physiology prompted the un
dertaken investigation to salvage lichen from the road 
right-of-way and experimentally store them off-site 
with the hope that salvaged lichen could be subsequently 
used as "seed" in future reclamation. Previous research 
has shown potential for successful reintroduction (or 
transplant) of species such as Stereocaulon and Cladonia 
in mountainous areas (Hutchinson 1969).

The purpose of the research reported here was to 
evaluate the feasibility of different methods of remote 
storage of lichen for later use in reclamation. Implications 
of alternative approaches to the conservation and recla
mation of terrestrial lichen communities are discussed.

METHODS

Lichen salvage and storage
Lichen were collected within flagged portions of the 
right-of-way during August 1995 using a shallow 
toothed garden rake. Salvage was conducted over a 
one day period under dry conditions. Although precise 
measurements were not made, collectors observed
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variable moisture content within the lichen thalli. An 
effort was made to concentrate collection in areas with 
a higher percentage of lichen species known to be used 
by mountain caribou (e.g. Cladina spp. and Cetraria 
spp.). Lichen were placed in ventilated, 24-1 plastic feed 
sacks and transported to the long-term storage site by 
air within 24 hours. Lichen were spread out on a plastic 
tarp and air dried at approximately 22°C under low 
light (basement) conditions for approximately 75 days 
to prevent moist decomposition. Subsamples (>1 kg) 
were stored from November 1995 to April 1996 (135 
days) under the following conditions; (1 ) outside on a 
perforated plastic sheet under ambient Calgary condi
tions of light, humidity and precipitation average total 
monthly precipitation range from a low of 9.9 mm in 
February to a high of 25.1 mm in April; average daily 
temperature range from a low of -9.6°C in January to a 
high of +4.1°C in April; average relative humidity at 
15:00 hours range from a low of 43% in April to a high 
of 59% m December, Environment Canada, 1993); (2) in 
the dark in a ventilated, plastic feedsack at room tem
perature (~22°C); and (3) in the dark in a freezer at 
approximately -15°C. During the spring of 1996, fresh 
lichen samples were collected from the same site on 
2 April, 21 April and 30 April and delivered for analy
sis on 4 April, 23 April and 6  May, respectively. Testing 
lichen for viability under the various treatments was 
done using enzyme activity analysis, respirometric 
techniques and cell culturing.

Nitrogenase activity testing
Lichens such as Stereocaulon sp. that contain cyano
bacteria such as Stigonema sp., Nostoc sp. and Styconema 
sp., possess a nitrogenase enzyme system which allows 
the system to convert or "fix" atmospheric nitrogen into 
a more useable ammonia form (Hutchinson 1969, Mill- 
bank and Kershaw 1973). Such lichen characteristically 
have a much greater nitrogen content than lichen with
out cyanobacterial photobionts. Confirmation of nitro
genase enzyme activity in part indicates active lichen 
metabolism. The test for nitrogenase activity involved 
use of an acetylene reduction technique slightly modi
fied from that described by Huss-Danell (1977). Sub
samples ( 1 0 0  mg) taken from each of the three storage 
treatments, as well as a fresh sample ( 1 0 0  mg) were 
re-wetted in 50 ml serum bottles with 200 mg (0.2 ml) 
distilled water to obtain a moisture content of 2 0 0 % 
dry weight. Prior to re-wetting, the frozen subsample 
was thawed at room temperature. All four subsamples 
were then prepared for testing as described by Huss- 
DaneU, refrigerated and sent to Norwest Labs of Cal
gary, Alberta. Acetylene and ethylene assays to measure 
reduction of acetylene gas to ethylene gas were per
formed using a Hewlett Packard 5890 model GC.

Dark respiration and photosynthesis activity 
testing
Subsamples of Cetraria nivalis and Stereocaulon paschale

were obtained from each of the three storage treat
ments and from the fresh sample. Prior to testing, dead 
or discolored fragments of thalli were discarded along 
with potentially contaminating plant and soil debris in 
order to minimize the effect of epiphytic microorganism 
respiration on test results. Though not quantified, there 
were no obvious differences in the amount of necrotic 
thallus removed from samples (compared by treatment 
protocol or species) prior to analytical procedures. We 
assume, however, that differences recorded m life proc
esses between treatments are likely indicative of the 
total amount of living tissue per unit of sample.

The cleaned subsamples were submitted to Hydro- 
Qual Laboratory Ltd., Calgary for respirometric test
ing, specifically to examine the rate of net oxygen 
exchange. Lichens were hydrated and incubated under 
low light conditions for 2-3 days prior to testing. Light 
incubations were done at 5,000 to 7,500 lux in 1.25 1 
acrylic containers at 21 ± 2°C (same container, tempera
ture and humidity used for dark incubations). A 
Hewlett Packard 5700 model GC was used for meas
urements. Values (p 1 0 2 /min/g dry wt) were obtained 
as an average of rate of oxygen exchange following 
24-hour and 48-hour incubations for each of the light 
and dark phase respirations respectively.

Values for the "true" rate of photosynthesis are ob
tained by correcting the apparent rate of oxygen ex
change obtained during the light-phase measurement 
period by placing the samples in complete darkness 
(Richardson 1973). Assuming the respiratory rate in the 
dark is the same as the respiratory rate in the light, the 
photosynthetic rate (of O2  production) was obtained by 
subtracting from it the dark respiration (O2  uptake) 
rate value. The measured rates of gas exchange are a 
function of the relative amounts of algal and non-algal 
portions of the lichen thallus used in the experiment 
(Larson and Kershaw 1975).

Cell culture testing
Sub-samples of Stereocaulon paschale and a 9:1 dry- 
weight mix of Cetraria nivalis and C. cucullata were 
obtained from each treatment. Any fragments of dead or 
discolored thalli were removed before the test. Approxi
mately 1-5 g dry weight of thallus fragments were 
selected from each sample and washed with 2 0 0  ml 
phosphate-buffered saline containing Tween 80 
(0.01% v/v) as described by Bubrick and Galun A (1986) 
for 0.5 hours at 200 rpm on a Brunswick Aquatherm 
shaker/water bath. The washed thalli were then rinsed 
with cold tap water for one hour on a Buchner hmnel 
and then homogenized in a small blender for one min
ute with 100 ml sterile distilled water. A modified 
Yamamoto (1987) Tissue Culture Technique was used. 
Modifications involved collection of sterile water 
washed residue and passing this through six succes
sive 20 ml washes with sterile distilled water in 20x125 
mm culture tubes and vortexing for three minutes each 
transfer. Approximately 75-100 thallus fragments of
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both lichen species were transferred after the final 
wash to petri dishes containing either Lily and Barnett 
medium (Ahmadjian 1993) with 1.0 g NH4 NO3 and 1.0 
g asparagine or malt extract yeast-extract medium. The 
sample's thallus fragments were placed on 5 plates of 
each media type. Plates were incubated at 15±5°C, 875 
lux, 16 hour light/ 8  hour dark photoperiod for 60 days. 
Microscopic examination (3125x, phase contrast) was 
used to measure growth of bionts within segments using 
cellular morphological typing.

Algal and cyanobacterial isolation test
The homoginized material prepared in the previous 
test was passed through the 150 pm stainless steel mesh 
of the Yamamoto tissue culture test and then passed 
through a pre-sterilized 100 pm nylon filter. The filtrate 
was collected and serial ten-fold dilutions with sterile 
water were prepared. Given that the average diameter 
of Trebouxia sp. photobiont vegetative cells is typically 
30-M0 pm (Ahmadjian 1967), only individual cells or 
clusters of up fo 2 or 3 cells would pass through the 
filter. The serial dilutions were plated (in three subsam
ples) onto each of agar solidified, Bold's Basal Medium 
(BBM), with 1% glucose and for Stereocaulon samples 
only, BBM without nitrogen. The latter media targeted 
isolation of the cyanobacterial component of Stereocaulon 
which is able to fix atmospheric nitrogen. Petri dish 
plates were incubated at 15±5°C, 875 lux, 16-hour light 
photoperiod for 60 days. A 50 ml volume aliquot of the 
1 0 0  pm screened filtrate was measured and the weight of 
residue determined by loss in drying at 105°C. Cell counts 
(CFU/gdw 100 pm filtrate residue) were measured as a 
standard plate count on the above referenced media.

RESULTS AND DISCUSSION 

Nitrogen fixing activity
The demonstration of cyanobacterial, nitrogenase en
zyme activity, essential for nitrogen fixing in Stereocau
lon paschale, provides one indication that the stored or 
otherwise salvaged lichen material was capable of re
suming essential life processes. Nitrogenase activity, 
measured by way of acetylene reduction activity, was 
detected in all sample but was highest in the "fresh" 
sample, slightly lower in the "outside" sample and 
considerably lower in the "room temperature" and 
"freezer" samples (Table 1). As tests were not performed 
in replicate, statistical significance of these differences 
could not be determined. Nitrogen fixation rates are 
lower in the four assays than for those reported in 
literature: 110 n mol C2 H2 g“̂  h'  ̂ for remoistened S. 
paschale samples collected from northern Sweden in 
February, 1976 (Huss-Danell 1977). This may be a re
sult of the lower light intensity used in this assay ( 1 2 0  

pE m“̂  S“  ̂versus 170 pE m“̂  S“') and/or physiological, 
temporal and spatial differences between the two 
strains of S. paschale. As all testing was performed un-

Table 1. Nitrogenase activity of S tereo ca u lo n  p a sch a le  subject to 
different storage conditions utilizing reduction of acetylene 

gas to ethylene gas assay technique

Treatment Ethylene
produced
(ppmv)

^Ethylene
produced
(nmol)

Nitrogenase 
activity (nmol 
CjHi/g/h)

Fresh’ 2.4 4.3 9.6
Freezer 0.3 0 . 6 1.3
Room temp. 0.7 1.3 3.1
Outside 2 . 0 3.8 9.0

1. Fresh samples were collected mid-April 1996, transported in 
ventilated sacks to Calgary 23 April 1996, tested early May 1996.
2. Lichens were collected from Mount Bickford, British Columbia 
in August 1995, immediately transported to Calgary, Alberta in 
ventilated sacks, air dried for 75 days then subsamples were 
stored for approximately 5 months under the following condi
tions: freezer, in the dark at — 15°C; room temperature, in the 
dark in a ventilated sack at ~22°C. Outside, under normal cli
matic conditions and photoperiod as experienced in Calgary, 
Alberta from December to May 1995/96.
3. Tests on treated lichens were performed in early May 1996.
4. Fresh sample assayed in duplicate. Nitrogenase activity pre
sented as average of two results.
5. Results corrected for measured headspace volume.

der equivalent conditions of light, temperature and 
moisture, the reduced nitrogenase activity in the 
"room temperature" and "freezer" samples was sug
gestive of cellular or enzymatic damage and/or loss of 
metabolites that occurred in these samples during their 
storage or pre-testing preparation.

Dark respiration and photosynthetic activity
Photosynthetic activity for both Cetraria nivalis and 
Stereocaulon paschale was observed to be highest in the 
"fresh" samples followed by fhe "room temperature" 
stored samples with the "outside" and "freezer" stored 
samples exhibiting the lowest levels (Table 2). The lit
erature review did not reveal relevant references for 
comparison with our values. The values for the auto
claved samples indicated that there was some oxygen 
reaction with the theoretically non-viable thallus, pos
sibly resulting from survival of some thallus segments. 
The use of mercuric chloride or formalin treated thallus 
for rendering the lichen non-viable should be consid
ered for any future comparisons. The depressed photo
synthetic activity of the "freezer" and "outside" stored 
samples was indicative of either a lower concentration 
of photobionts (algae), a photosynthetically impaired 
photobiont population, or a higher fungal biomass. 
There was also a relatively higher rate of dark phase 
respiration observed in these latter two treatments sug
gesting that active metabolism was occurring. Our con
clusion is that this metabolic activity is likely from 
non-structural carbohydrate utilization and synthesis of 
proteins and other cellular constituents assumed lost or 
rendered inactive as a result of the storage conditions.
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Table 2. Photosynthetic response of Cetraria nivalis and Stereocaulon paschale subject to different storage conditions' ^

Sample 'Oxygen exchange rate (|il 0 2 /min/g dry weight)''

Light phase O2  removed Dark phase O2  removed Photosynthesis O 2  produced

Cetraria -  Fresh 10 84 74
Cetraria -  Freezer 61 84 23
Cetraria -  Room temp. 99 144 45
Cetraria -  Outside 165 192 27
Cetraria -  Autoclaved 65 52 -13
Stereocaulon -  Fresh -2 88 90
Stereocaulon -  Freezer 69 103 34
Stereocaulon -  R.T. 59 101 42
Stereocaulon -  Outside 80 92 12
Stereocaulon -  Autoclaved 9 20 11

1. See Table 1, notes 1, 2 and 3 for collection and storage details,
2. All lichen samples were hydrated and incubated under low light conditions for 2-3 days prior to tests; test temperature was 21+2°C; 
light incubations were done at 5,000 to 7,500 lux in sealed 1.25 1 acrylic containers (also used for dark incubation); wet weight were 
measured at test termination.
3. All rates based on an average of measurements made at 24 and 48 hours. Photosynthesis measured as difference between dark and 
light respiration in the sealed 1.25 1 acrylic containers. Fresh samples performed in duplicate. Average of duplicate samples presented 
except second Stereocaulon -  fresh result was discarded because of higher moisture content. Samples autoclaved (121 °C, 15 min); positive 
photosynthesis response likely a result of wet lichen surviving autoclave treatment.

Table 3. Results of the Yamamoto Thallus Tissue Culture Test to determine % of uncontaminated thallus segments exhibiting
visible algal and fungal growth'

Sample No. segments observed^ % with visible algal growth^ % with only visible fungal growth

Cetraria -  Fresh 130 65 35
Cetraria -  Freezer 156 43 57
Cetraria -  R.T. 104 53 47
Cetraria -  Outside 122 50 50
Stereocaulon -  Fresh 52 71 29
Stereocaulon -  Freezer 120 61 39
Stereocaulon -  R.T. 96 64 36
Stereocaulon -  Outside 78 58 42

1 See Table 1, notes 1, 2 and 3 for details on collection and storage.
2 Only cmcontaminated segments were used for tests. Contamination due to bacteria, yeast, mold and in some cases algae. The number 
of contaminated segments appeared similar between treatments (storage conditions).
3 Dominant algae component, Trebouxia, used for measurements.

Tissue culture tests
Results from the Yamamoto tissue culture tests indi
cated that for S.paschale the "fresh" samples exhibited 
the highest percentage of segments with visible algal 
(photobiont) growth followed by the "room tempera
ture", "freezer" and "outside" stored samples: differ
ences among the latter trace treatments were minor 
(Table 3). A similar pattern was observed in the C. 
nivalis samples though the "freezer" samples exhibited 
the least growth of all. Differences between "room tem
perature" and "outside" storage conditions were mi
nor for C. nivalis.

The results of the algal and cyanobacterial photo
biont isolation test indicate that the "fresh" samples of
S.paschale had the highest Trebouxia photobiont concen
tration (Table 4). The "fresh" sample value slightly

exceeded the "room temperature" value and exceeded 
the "freezer" and "outside" sample coimts by 5-6 times 
their value. The results suggest the photobiont popula
tion may have been negatively impacted in the "freezer" 
and "outside" samples by cold-induced stress or in the 
"outside" sample by excessive light exposure and/or 
freeze thaw cycles typical of Calgary winter climate. No 
cyanobacterial photobionts were detected. Species such 
as Stigonema cyanobacteria may have been below the detec
tion limit for the test (i.e., 10̂  Cell Forming Units/ g) or the 
culture media was unsuitable for their growth. For Cet
raria the "fresh" sample had a Trebouxia photobiont con
centration slightly higher than the "room temperature" 
and "freezer" samples respectively. The algal population 
isolated from the "outside" Cetraria sample had the low
est concentration of Trebouxia cells.
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Table 4. Results of the algal and cyanobacterial photobiont 
isolation test measuring concentration of algal component

Sample Cell count (CFU x 10^/gdw 100 pm 
filtrate residue)

Algae (Trebouxia sp.)^

Cetraria -  Fresh 62±15
Cetraria -  Freezer 41±19
Cetraria -  R.T.'* 58
Cetraria -  Outside 7.112.5
Stereocaulon -  Fresh 41+15
Stereocaulon -  Freezer 6.811.6
Stereocaulon -  R.T.^ 2219
Stereocaulon -  Outside 8.110.8

1. See Table 1, notes 1, 2 and 3 for details on collection and 
storage.
2. Photobiont isolation list measured for algal component only, 
cyanobacterial component was either not applicable (Cetraria) or 
not detected (detection limit IxlO’ CFU/g).
3. Average of six replicates presented except Cetraria. CPU = Cell 
Forming Units.
4. Room temperature (R.T.) sample data is the average of dupli
cated replicates.

SUMMARY OF RESULTS

Based on the preliminary results obtained, short-term 
storage under any of the methods examined appears 
technically feasible. In consideration of lichen sample 
performance and the practical aspects of lichen storage, 
it is suggested that "room temperature" storage of li
chen is likely the best all-round form of remote short
term storage. The storage conditions had a varying 
impact on the lichen's photosynthesis, dark respiration 
and nitrogen fixation rates. Based on microscopic ex
amination of tissue culture test thallus fragments and 
the relatively high concentration of algal cells detected 
in all of the samples thalli (e.g., >10® Cell Forming 
Units/g), it is hypothesized that any cellular or meta
bolic impacts originating from the various storage con
ditions and particularly that of cold induced stress, 
would not restrict redevelopment (growth) of the li
chen thallus given favorable environmental condi
tions. Although reclamation per se was not a part of this 
investigation, the information obtained during the 
study can be analyzed with respect to implications it 
may have for reclamation attempts with the stored 
lichen samples.

IMPLICATIONS FOR RECLAMATION AND 
POSSIBLE ALTERNATIVES

term (e.g., one year). In order to reduce the potential for 
sample composting, and as such, optimize storage lon
gevity, lichens should be air dried immediately follow
ing field. Under this regime, lichen stored on site could 
be spread over a recontoured road bed and the site 
further "seeded" with manually collected remotely 
stored lichen. Site preparation measures would have to 
be undertaken in order to encourage lichen estab
lishment and prevent excessive windthrow of 
"seeded" lichen. Ideally sites should be well drained 
and slightly roughened to facilitate anchoring of lichen. 
It should be bom in mind that these measures are 
primarily intended for short term disturbances.

While on-site storage of lichen from alpine environ
ments has certain intuitive appeal, mechanical recov
ery using heavy equipment is difficult due to factors 
such as: the occurrence of near surface bedrock, the 
potential to bury lichen under rock and mineral soil, 
and the risk of creating an excessively mounded wind
row of lichen and other alpine organic matter that 
effectively composts living tissue thus jeopardizing li
chen viability.

Where roads are kept in use for more prolonged 
periods it is likely that viability of lichen stored dry in 
feed sacks at cool temperatures would gradually de
cline to a point where it had marginal value for "re
seeding" disturbed alpine environments. Outside, 
remote storage of lichen does provide an alternative, 
however, it does require commitment of sufficient 
space and substrate to promote normal lichen activity. 
This additional space requirement may conflict with 
other reclamation and environmental interests. Alter
natively, reclamation of lichen beds following pro
longed development projects could be achieved by 
way of lichen transplants from thinned host communi
ties in nearby, imdisturbed locations. However, this 
approach obviously comes at the expense of the donor 
site and as such is of questionable value.

Finally, for all methods of lichen reclamation - using 
remote and/or on-site storage as well as host commu
nity transplants - there is some potential for artificial 
enhancement of lichen growth and consequently lichen 
recolonization through the use of soil amendments. 
Cladina spp. and Hypogymnia sp. lichens have variously 
been shown to respond positively to treatment with 
2,4,D, thiamine, ammonium sulphate, inorganic nitro
gen, and phosphorous fertilizers and gibberellic acid 
(Kauppi 1980, Pegau 1968, Barashokova 1964). Con
cerns have been raised about the potential short and 
long term consequences of soil amendments to lichen 
symbiosis and the larger ecosystem of which they are a 
part (Vagts et al. 1994, Ahmadjian 1993).

From a reclamation perspective, it appears that a com
bination of manual collection and remote storage un
der dry, cool conditions, combined with careful, on-site 
storage offers the most practical means of re-estab
lishing disturbed lichen communities over the short
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Project Habitat: ROW Management to 
Enhance Wildlife Habitat and Utility Image

George Hurst

The millions of acres on transmission and distribution rights-of-way (ROW) in North America 
provide an opportunity for utilities to enhance wildlife habitats. A variety of habitats occur on 
ROWs and provide habitat diversity and edge, which can increase biodiversity and density. Often, 
ROW plant communities are in early successional stages, which provide habitat conducive for 
insects and small mammals, and thus, form a prey base for associated predators. ROWs can serve 
as travel corridors. Project Habitat is an educational and community relations program that helps 
utilities enhance wildlife habitat on ROWs and earn positive recognition for their efforts. To 
accomplish the objectives of Project Habitat, members use integrated vegetation management 
programs that feature low-volume applications of selective herbicides (e.g., imazapyr).

Keywords: Project Habitat, habitat, imazapyr, integrated vegetation management, rights-of-way, 
utilities, wildlife

INTRODUCTION

There are millions of acres of wildlife habitat on trans
mission and distribution rights-of-way (ROWs) across 
North America. These ROWs cross many different 
sites, soils, climates and biogeographic regions. ROWs 
traverse many different plant conununities, such as 
wetlands, forests, prairies and agriculture fields, and 
they occur in many landscapes. ROWs provide an op
portunity for wildlife habitat enhancement because tall 
trees cannot be grown there (Hurst 1994). With the new 
community relations program called Project Habitat, 
utilities can earn recognition for ROW management 
practices designed to enhance wildlife habitat while 
delivering essential electrical power.

RIGHTS-OF-WAY HABITATS

Animal habitat is comprised of biotic and abiotic fac
tors including a plant community that provides all or 
some of a species' requirements, such as food, cover, 
water, space and special features (e.g., nest cavity). 
Man's land use practices are often a major factor. Density 
and distribution of an animal population are a function of 
habitat type, quantity, quality and arrangement.

Plant commimities vary greatly on ROWs and pro
vide habitats for a variety of wildlife, both inverte
brates (e.g., insects) and small to large vertebrates (e.g., 
mice, moose). For some small animals, such as grass
hoppers and mice, ROWs can provide all habitat re
quirements (Hurst 1972). For larger animals, such as 
gray fox or white-tailed deer, ROW habitats may pro
vide only some or seasonal requirements. ROW habi
tats may be important for one or more uses, such as 
dusting, nesting, brood-rearing, dispersing or forag
ing. Special uses include the comparatively open na
ture of ROWs as a place to dry-off after a heavy rain or 
a place to obtain radiant heat to warm up.

Habitat features of rights-of-way

Biodiversity
ROW habitats are often old-field like or are in early 
plant successional stages because of disturbances 
such as mowing or spraying. Often, ROW habitats 
occur on rough terrain and have not been converted 
to intensive agricultural land uses, and thus provide 
essential habitats in an otherwise depleted area. In a 
landscape dominated by a mature forest, one would 
expect an increase in biodiversity because of differ
ent habitat types on ROWs. ROW habitats can affect
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species presence and abundance via increased inter- 
spersion and juxtaposition.

Edge
ROWs add much edge to a landscape. Edge is where 
different plant communities, or habitats, meet. For ex
ample, an edge occurs where a ROW and forest meet. 
The combination of a forest and old-field habitat pro
vide a variety of food sources for wildlife. Some species 
are edge species, and you would expect more of these 
species present, particularly low mobile species. There 
also might be greater biomass. However, a lot of edge 
relative to total area has been found to be detrimental 
for other species, especially some birds. Increased pre
dation of bird eggs and nestlings along ROW edges has 
caused low reproductive success rates.

Wildlife openings
ROW habitats are similar to wildlife openings, thus 
enhance an area for wildlife (e.g., variety of foods and 
cover). They are often used as travel corridors. This 
feature could be considered positive because of gene 
flow and connectivity, but also negative in that many 
predators hunt edges and predation rates could be 
increased. In addition, ROWs fragment large forested 
tracts, resulting in smaller blocks that are more accessi
ble to man, the brown-headed cowbird (a nest para
site), and many predators. ROWs become human 
"roads" for snowmobiles, hunters and hikers, so they 
present opportunities and problems such as trespass or 
harassment.

Habitat quality
Habitat quality on ROWs varies from low (poor) to 
high (good) for a given species according to plant com
munity composition and structure. Habitat quality var
ies with site/soil conditions, climate, size, location, etc. 
Plant communities on ROWs are man-made in many 
respects, depending on past use (e.g., farmed, mowed, 
grazed, burned, sprayed). Exotic species have been 
planted on or have invaded many plant communities, 
including those on ROWs.

Plant species composition, diversity or richness are 
important habitat attributes. Wildlife managers, ecolo
gists and conservationists usually desire a wide plant 
species diversity. A ROW habitat dominated by dense 
broomsedge {Andropogon virginicus) or fescue grass 
{Festuca sp.) is undesirable for many species. Dense 
grass prevents erosion, is accessible to line crews and is 
not a danger to power lines, but it is low-quality habi
tat. Habitat quality would be greater for many species 
if there were a variety of grasses, sedges, forbs, vines, 
mosses, ferns, mushrooms and woody shrubs.

It is important to manage ROW plant communities 
so there is a great variety of forbs. (These are broadleaf 
weeds to some, but wildflowers or flowering plants to 
others.) Forbs, including legumes, provide green for
age for insects, rabbits and deer. Forbs also provide

seeds and fruits for a number of species; and a variety 
of flowering plants or wildflowers provide pollen, nec
tar, egg deposition sites and larval food sources for 
butterflies, moths, bees, wasps, etc. The biotic commu
nity on a ROW is enhanced by having a variety of 
flowering plants. In fact, the appeal or aesthetic value 
to people who view ROWs is enhanced. "What can be 
wrong if there are many beautiful flowers?" they might 
say. In addition, the greater plant species composition 
or richness would favor herbivores (e.g., grasshoppers, 
mice, rabbits, deer) that are eaten by songbirds, raptors, 
snakes, bobcat, foxes, coyote and wolf.

Plant community structure on ROWs is simplified 
because a mature forest cannot be permitted. Stratifica
tion, or number of layers in a ROW plant community, 
is reduced to three: litter, herbaceous and perhaps a 
shrub layer. Habitat niches are diminished compared 
to a mature forest, but the different habitat type (i.e., 
grass/forb) provides niches for an array of species not 
found in a mature forest. Plant density (number of 
stems per unit area) varies from many (thick) to few 
(sparse). Soil fertility and hydrology determine basic 
productivity, but man's treatments have impacted 
most plant communities.

How does this affect utilities? Their job is to deliver 
power to run America's factories, businesses and 
homes. ROWs are essential to this task. The goal of 
ROW management is to keep trees out of power lines. 
But ROW managers can, at the same time, improve the 
habitat for wildlife just by making slight adjustments to 
their management practices. This is what Project Habi
tat is all about.

PROJECT HABITAT

Project Habitat was launched in 1995 as an educational 
and community relations program that helps utilities 
enhance wildlife habitat on ROWs and earn positive 
recognition in their communities for these efforts. The 
program is cosponsored by Quail Unlimited, the Na
tional Wild Turkey Federation, Buckmasters, Butterfly 
Lovers International and American Cyanamid Com
pany. Twenty-three leading utilities are currently 
members of the program (see Table 1). Objectives of 
Project Habitat are to:
1. manage ROWs with an eye towards wildlife habitat,
2. increase biodiversity on or near ROWs,
3. involve local citizens in the effort, and
4. gain positive publicity for the participants.
To accomplish these objectives, members use integrated 
vegetation management (IVM) programs that feature 
low-volume applications of selective herbicides such as 
those with the active ingredient imazapyr. Imazapyr, 
found in ROW herbicides such as Arsenal^ and Stalker^ 
effectively controls many hardwood tree species such 
as oak, hickory and sweetgum, but does not kill black
berry, dewberry or other important wildlife plants.
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Table 1. Project Habitat member utilities

American Electric Power 
Atlantic Electric
Central Hudson Gas & Electric Corporation 
Central Illinois Public Service 
Cinergy/Cincinnati Gas & Electric Company 
ComEd
Consumers Energy Company 
Entergy
Elorida Power & Light Company 
Gainesville Regional Utilities 
Georgia Power Company 
Georgia Transmission 
Gulf Power Company 
Houston Lighting & Power Company 
Kentucky Utilities 
Mississippi Power Company 
Nantahala Power & Light Company 
Niagara Mohawk 
Northern States Power Company 
Santee Cooper Public Service 
South Carolina Electric & Gas 
Tennessee Valley Authority 
Virginia Power Company

Herbicide effect on habitat
I have conducted several research projects on the im
pact of intensive pine plantation management, includ
ing the use of several herbicides to control woody 
and/or herbaceous competitors of pine, on plant com
munities in Mississippi and Alabama (Hurst 1989). We 
documented that the impact of herbicides (Velpar^, 
Arsenal) on number of plant species, plant coverage 
and amount of white-tailed deer forage was limited to 
the first growing season after application. Most plant 
commimities recovered and had characteristics similar 
to areas not treated with a herbicide during the second 
growing season (Copeland and Hurst 1986, Hurst 1987, 
Blake et al. 1987, Wilson et al. 1993).

Legume species (including Lespedeza spp.) were ob
served to be tolerant to several rates of aerial applica
tion of Arsenal (imazapyr) in young pine plantations in 
Mississippi. In addition, by controlling the abundant 
overhead and highly competitive hardwood brush, 
many forbs were released from competition to grow 
(Hurst 1987). Many species of the legume family are 
tolerant to Arsenal (Shaner and Mallipimdi 1991, Witt 
1991). Studies in South Carolina reported legume toler
ance to Arsenal; percentage cover by legumes (e.g., 
lespedeza, partridge pea) was similar between Arse
nal-treated and control, or untreated, plots. Coverage 
by composites was much greater on Arsenal-treated 
versus control plots, and coverage by other forbs was

1 Trademark, American Cyanamid Company.

2 Trademark, The DuPont Company.

similar between Arsenal-treated (39%) and control 
(24%) plots. Finally, insects, important dietary items for 
many birds and particularly their young nestlings or 
chicks, were foimd to be equal to or more abundant on 
Arsenal-treated plots than control plots (Feken 1995, 
Hawkes 1995).

Using an integrated program
Managers have their choice of different methods of 
vegetation control including mechanical (mowing, 
hand-cutting) or chemical (high or low-volume foliar, 
low-volume aerial, low-volume backpack, basal bark). 
Each method has advantages and disadvantages, which 
are presented in a Project Habitat booklet entitled "A 
Better Way for Rights-of-Way". Utility company ROW 
managers should work with contractors and/or com
pany representatives to evaluate the ROW vegetation, 
problems and habitat condition, then write a manage
ment plan. Short- and long-term goals regarding vege
tation condition (habitat) should be considered.

Project Habitat focuses on the use of low-volume 
herbicide control versus mechanical control with bush- 
hogs, for example. Mowing or bush-hogging plant 
communities on ROWs instantly destroys habitat. All 
standing vegetation is cut and some is killed while 
some brush is only top-killed. Some wildlife, especially 
those in nests, could be killed. Foods and cover are 
instantly removed, and the resulting dead plant mate
rial is placed on the ground where it acts as a mulching 
material that impedes the growth of some plants. Like 
many standard high-volume herbicides, mowing tends 
to favor development of dense grass communities with 
a lower density and diversity of flowering plants.

Project Habitat recognizes that given species com
position, density, average height and other factors, a 
manager may choose mechanical control. A combina
tion of bush-hogging and spraying may be needed. 
Following bush-hogging and sprouting during one 
growing season, a selective herbicide can be used to 
control the tree species. Thereafter, a low-volume 
broadcast application with a selective herbicide or in
dividual stem treatments can be used to maintain con
trol of tree species.

Low-volume applications — those using less than 
1 0 0  gallons per acre — can be made with standard 
hydraulic equipment and may be as simple as chang
ing to a nozzle that delivers less material. In addition to 
having less impact on ROW habitat, many utilities 
have found low-volume programs lower long-term 
management costs.

An IVM program including low-volume applica
tions also complies with the Environmental Protection 
Agency's Environmental Stewardship Strategy for 
Electric Utility ROWs by reducing the pounds of active 
ingredient per unit of land area. High-volume spraying 
(e.g., greater than 1 0 0  gallons/acre) places more active 
ingredient on ROWs. High-volume applications tend 
to produce dense grassland commimities that contain



314 G. Hurst

few plant species and are lower quality habitat. Low- 
volume has less impact on plant communities. Project 
Habitat involves IVM because it features not only low- 
volume application, but advocates fewer applications 
over time. With proper evaluation and planning, the 
number of applications can be reduced and crews can 
be taught not to apply herbicide to important wildlife 
shrubs such as blueberry or huckleberry.

Other opportunities for habitat enhancement
Project Habitat offers opportunities for habitat enhance
ment, such as planting supplemental food plots, planting 
wildflowers on sections of ROW that have high visibility 
to the public, erecting bluebird nesting boxes with preda
tor guards or leasing improved habitat to hunting clubs. 
The National Wild Turkey Federation and Quail Unlim
ited — both Project Habitat sponsors — work closely with 
utilities to help those interested seed portions of ROWs to 
preferred food and cover plants.

In New York, Niagara Mohawk, an electric utility 
and Project Habitat member recognized with an award 
for the best ROW in 1996, is focusing its ROW vegeta
tion management practices to expand the range and 
density of lupine (Lupinus spp.). This legume is essential 
for the existence of an endangered species of butterfly, 
the karner blue. In this case, vegetation management 
and research and development divisions are working 
with state and federal agencies to enhance a plant for a 
butterfly, and a herbicide is being used (see paper by 
Finch in this symposium).

A new herbicide. Plateau  ̂herbicide, is currently being 
used for native prairie renovation and restoration. Imag
ine: a herbicide being used to kill nonindigenous plants 
such as Johnsongrass, foxtails, crabgrasses and tall fes
cue so that native prairie species such as little bluestem, 
Indiangrass, blue grama and other grasses, wildflow
ers and legumes can be established to form a prairie 
community. ROWs transverse many regions where na
tive prairies once occurred and offer an opportunity for 
vegetation managers to work with prairie restoration 
organizations.

Utility image
With deregulation and increasing competition, utilities 
are in a state of change. Public relations and corporate 
image are increasingly important considerations. Pro
ject Habitat offers members an opportunity for positive 
publicity and recognition for wildlife-friendly manage
ment practices. To help them capitalize on public rela
tions opportunities, Project Habitat offers members a 
number of tools, including:
1. A Project Habitat Community Relations Guide, 

which outlines approaches utility companies can 
use to involve media, local community groups and 
landowners.

2. Project Habitat statement stuffers, which explain the 
program to utility customers and landowners.

3. The "Native Plants for Wildlife" handbook, a guide 
to identifying species that provide good wildlife 
habitat and are released through Project Habitat 
management techniques.

4. Publicity in the form of news releases to local news
papers and industry publications.
A highly effective method for a utility to engage 

civic, conservation groups and ROW landowners or 
community members is a dirmer seminar to explain 
vegetation management practices and impacts. A util
ity manager, chemical company representative and 
wildlife professional can make presentations. Several 
topics can be addressed including pros and cons of 
mechanical versus chemical vegetation control, toxicity 
of herbicides, requirements for good habitat and local
concerns.

1 Trademark, American Cyanamid Company.

The public wants — even demands — low-cost, safe 
and dependable energy. And most people are con
cerned about wildlife and wildlife habitat. Thus, utili
ties have an opportunity to provide both energy and 
improved habitats on ROWs through programs such 
as Project Habitat.
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A Five-Year Spanish Research Project on 
Bird Electrocution and Collision with

Electric Lines

Jorge Roig-Soles and Victor Navazo-Lopez

The project, which could be considered unique world-wide for its scope and magnitude, was 
carried out in different environments of natural protected areas in Spain during a period of five 
years (1991-1995). The project objectives were to evaluate bird accidents at powerlines, to identify 
the causal factors and to develop protection measures. In order to establish the extent of the 
problem and to see which technical factors were involved, 21,000 structures and 520 power line 
spans were surveyed and one thousand hectares were monitored. Also one thousand hours of 
video film were dedicated to the observation of birds perching on electric structures, which were 
equipped with experimental devices to prevent electrocution. Besides the size of the bird, the 
frequency of electrocutions depends on the habitat and the design of tower. Birds being more prone 
to electrocution are those that most frequently perch on high vantage points. The mortality for 
collision, however, depends on the characteristics of the bird species. Some species are not very 
prone to collision, and others much more so. The efficiency of different protection systems is 
discussed, as well as the definition of the optimal policy for the construction of new lines and for 
the protection of the existing ones. Promoters of the project were the electric utility companies 
Sevillana, Iberdrola and Red Electrica, supported by different environmental agencies. The re
search was planned and carried out by the Spanish Superior Council of Scientific Research.

Keywords: Birds, electrocution, collision, powerlines, protection measures, mortality

INTRODUCTION

Birds and powerlines interacted from the moment the 
powerlines first appeared. Since they have become a 
ubiquitous part of every type of landscape, powerlines 
and their supports (small distribution structures or 
large transmission structures) are used by many species 
as perches (high spots to look over a wide area of terri
tory), resting points, and even nesting sites. In some areas, 
the ongoing transformation of the natural environment 
has led to a reduction in the number of natural supports 
for the normal activities of many birds: i.e., trees. Elec
tricity structures have become excellent substitutes. 
This frequent presence of birds on powerlines often 
causes problems to the electric installations, problems 
that are not always given due consideration.

Greater consideration has been given, however, to 
the effect of these installations on birds. This is because 
birds, which have played a leading role in society's

increasing sensitivity towards nature conservation, 
may be directly affected by overhead powerlines in 
their natural environment. The number of bird acci
dents recorded at electrical installations has led to 
growing concern among all those involved in the trans
mission and distribution of electricity and in nature 
conservation, as well as among researchers. Research 
has shown that power line accidents, either by collision 
or electrocution, are in some cases the most important 
cause of death in some species of birds, and have there
fore played an important part in the reduction of their 
population. Bird electrocution at powerlines is caused 
either when the bird simultaneously touches two con
ductors or, more often, when it touches a conductor at 
the same time as it grounds the current by touching 
part of the metal support structure. Electrocution 
events are insignificant for powerlines of more that 6 6  

kV, because there is too great a distance between con
ductors and cross arms. Electrocution is frequent in
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lower-voltage lines, especially where the chain of insu
lators is very short or where the layout of the conductors 
at the structure allows the bird to make simultaneous 
contact between conductor and structure. The result is 
almost always the death of the bird. Birds of medium or 
large size, especially raptors, are especially prone to 
these accidents, both because of their size and their 
frequent use of the structures as perch.

Colhsions occur when birds in flight are unable to 
avoid the cables and fly into them. The result is usually 
fatal, although sometimes the bird is only injured. The 
probability of birds to suffer this sort of accident de
pends basically on the morphology of the different 
species (bulk, weight), on their flocking habits and 
flight behaviour. Collisions occur in transmission lines 
when, in poor visibility, the birds gain height suddenly 
to avoid the conductors and then come up against the 
much thinner ground cable. Birds most prone to this 
type of accident are those that habitually flock together, 
such as water birds and steppeland birds, crepuscular 
or nocturnal birds, and those that form large temporary 
flocks in feeding areas. Although collisions have been 
recorded for raptors this seems to be the exception 
rather than the rule.

It should not be forgotten, however, that, except in 
very special cases, bird accidents at powerlines are not 
the prime cause of population reductions in wUd birds. 
Their effect, albeit significant, is not comparable to that 
of widespread habitat loss, which remains the main 
cause of the world-wide reduction in species, both in 
birds and in other animal and plant groups. Studies 
carried out in various countries on the number and 
type of birds killed by overhead lines do show the high 
significance of the problem in some localities and its 
great importance world-wide. Spain is no exception in 
this respect. The sheer wealth of Spanish bird life, en
hanced by the fact that the Iberian peninsula serves as 
one of the main bird migration routes between Europe 
and Africa, means that bird accidents at powerlines are 
one of the most important environmental problems in 
the operation of power transmission and distribution 
networks in Spain.

Much of the study and monitoring of this problem 
in Spain has been pioneer work, because of its out
standing contributions to the greater knowledge of 
causes and effects. The year 1982 was a milestone year 
because an exhaustive monitoring of bird deaths at 
powerlmes was carried out in Dofiana National Park 
and its surrounding area. The aim was to assess the 
causal factors of the accidents and the effect on certain 
bird populations — particularly raptors — and also to 
come up with solutions. The study, conducted by 
Dofiana Biological Station, an institute belonging to the 
Consejo Superior de Investigaciones Cientificas 
(C.S.I.C.) clearly revealed the impact of some powerli
nes on species as important as the Spanish race of the 
Imperial Eagle. The fact that this bird was in imminent 
danger of extinction drove the Dofiana Park Admini-

T a b le  1. B ird  e le c tro c u tio n  r is k  fa c to rs  re la te d  to  s tm c tu re  d e s ig n

Primary factors Secondary factors

Position of insulators 
Existence of jumpers 
Existence of top-mounted 

circuit-breaker 
Structure construction 

material

Structure height 
Layout of conductors 
Form of cross arm

Existence of column-momited 
circuit-breakers

Table 2. Determinant factors of bird collision risk with power
lines

Primary factors Secondary factors

Birdlife composition 
Habitat characteristics 
Existence of ground cables 
Proximity to points of birds 

concentration

Structure height 
Structure layout 
Line voltage

stration and the electricity company Sevillana de Elec- 
tricidad to take urgent measures. The effectiveness of 
the measures taken — burying the most dangerous 
cables underground or replacing them by powerlines 
of braided cables — soon became evident: the mortality 
of young Imperial Eagles during the first months after 
leaving the nest fell in Dohana from 83% to a scant 20%.

THE PROJECT

In 1991, three Spanish electricity companies, Compania 
Sevillana de Electricidad, Iberdrola and Red Electrica 
de Espana, promoted a research project aimed at co-or
dinating and promoting the studies on bird accidents 
at powerlines. This initiative led to the signing of a 
collaborative agreement between the three companies 
and the Higher Council for Scientific Research 
(C.S.I.C.). The collaboration of the C.S.I.C. was essen
tial as it possesses the technical and human resources 
for the development of the work and a wealth of expe
rience in research work in this field.

Apart from the C.S.I.C. work, the promoting compa
nies carried out support research work on their own 
account and either developed or gathered information 
on the prototype corrective measures that were the 
object of the project.

The project objectives provided for in the agreement 
were:
-  Evaluate quantitatively and qualitatively the deaths 

produced by overhead powerlines.
-  Identify the causal factors of bird collisions with 

powerlines and the structure design factors that af
fect the degree of electrocution risk.
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-  Develop protection measures of a reasonable cost to 
avoid or reduce the adverse effects of powerlines on 
birds, and determine the factors to be taken into 
account in the designing of new structures and lines 
to minimize the risks of bird accidents.

METHODOLOGY

The research was designed to study the two kinds of 
bird accidents at overhead lines, electrocution and col
lision. As a response to the first two objectives for 
research on electrocution and collision ("Evaluate 
quantitatively and qualitatively the deaths produced 
by overhead powerlines" and "Identify the factors in
volved") areas were selected based on their suitability 
for studying these variables and for carrying out ex
haustive field work.

The research method corresponding to the third ob
jective ("Develop protection measures") varied accord
ing to whether electrocution or collision was at issue. 
To evaluate anti-electrocution protection measures a 
mock-ups were implanted to observe the behaviour of 
birds on structures with the measures fitted. The effi
ciency of the measures seen to be most useful in the 
mock-ups was finally evaluated under real conditions. 
The responses of anti-collision measures were directly 
evaluated imder real conditions.

The specific field work areas were limited to protected 
sites of natural interest. They were selected in accordance 
with the density and species of birds, the presence of 
diverse types of powerlines and the potential for bird 
accidents. For the electrocution study, five protected 
sites of natural interest were chosen. For collision stud
ies, another five were chosen, two of which were the 
same as those chosen for electrocution studies.

The birdlife of these areas is quite varied in terms of 
species and density. Bird communities are represented 
by various habitats, including: different types of wet
land, natural Mediterranean woodland, open Mediter
ranean woodland cleared of undergrowth for grazing, 
treeless plains, extensive farmland, and mountains. 
Within these areas a selection was made of 30 km of 
transmission lines and more than 3,000 structures of 
distribution lines. The goal was to assess a wide-rang
ing diversity of situations involving factors such as 
density and variety of bird species, environmental 
characteristics of the habitats and the potential danger 
of the lines, among others.

The field work was undertaken in two stages. The first 
stage was an attempt to quantify bird mortality in both 
types of accidents and gain an in-depth knowledge of the 
causal factors of such mortality. This involved more than 
2 1 , 0 0 0  structure checks throughout the working area and 
the examination of one thousand hectares of groimd 
under 520 spans to look for collision victims. After 
laboratory testing of the anti-electrocution solutions 
proposed, those showing the best laboratory results

were then tested in the second phase, involving the 
monthly check of about 300 modified structures and 14 
modified spans, cross checked against a control of 2 0 0  

unmodified structures and 16 unmodified spans.
The first stage of the electrocution study took two 

years. Bimonthly searches were carried out on prede
termined routes of selected structures in each study 
area, including a first search to clear the ground. This 
gave information on the seasonal variation of bird mor
tality. All victims found in these searches were system
atically collected and their remains were subjected to a 
morphological analysis to determine the species, sex 
and age of each one. Estimates were concurrently made 
in various areas of the amoimt of bird remains that 
would not show up because of carrion eaters, thereby 
arriving at the estimated rate of mortality at each struc
ture in a given period of time.

Information was also gathered to give weighted fig
ures on death rates and the danger of the installations, in 
terms of variables such as bird characteristics (species, 
age, sex), structure type (structure of the central column, 
characteristics of the insulators, existence of jumpers), 
habitat type, and the bird density in each zone.

The laboratory work, aimed at testing the effective
ness of the various anti-electrocution measures, in
volved the collaboration of a public organisation, 
which provided birds from a wild animal recovery 
centre and large, flight cages in which structures were 
installed with 4-m columns joined by cables for assess
ing various configuration modifications. The measures 
were installed on five structure types: four straight- 
through structures and one with a top-mounted three- 
wire circuit breaker. The modifications assessed out 
were either prototypes used for some time without 
rigorous certification of their effectiveness, or devices 
expressly designed by technicians of the companies 
promoting the project.

Two continuously filming video cameras provided 
information on the behaviour of various species in the 
cages, the part of the structure used for perching, and 
the time spent perching. Nearly 1,000 film hours were 
obtained, which established how the structures were 
used by the most accident-prone species, and permit
ted an evaluation of the effectiveness of the various 
measures before fitting them on live powerlines.

Once the effectiveness of the various corrective 
measures had been tested on the laboratory structures, 
the ones with the best results were fitted on structures 
in three of the areas, with unmodified control struc
tures being maintained in all cases to verify the results. 
The same methodology used in the first phase was then 
repeated, along with monthly sampling, to determine 
mortality rates with both structure types.

The information obtained from these samples was 
compared statistically with the results of the first field
work stage. This comparison allowed specific, sound 
conclusions to be drawn on the real effectiveness of the 
corrective measures put into practice.
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In the collision study the sample unit was the span 
delimited by two consecutive towers, rather than the 
structures themselves as in the electrocution study.

In the first field-work stage of the collision study the 
objective was to estimate bird mortality and its causal 
factors, so a similar methodology to that in the electro
cution study was followed in terms of sampling fre
quency, valuation of bird density, categorisation of the 
victims, lines and habitats and an estimation of those 
remains that never came to light because of carrion 
eaters or thick vegetation. Records were also taken of 
the flight height of the birds in relation to the cable 
height of the lines studied. Given that the victim could 
fall some distance from the line after the impact, the 
sampling zone was a 50-m band — limited by two lines 
parallel to the power line — which was then searched 
in zigzag fashion.

Once real mortality was quantified in the sections 
studied, a start was made in late 1993 on marking 14 
spans of the lines in three areas. The set of solutions 
developed was geared towards increasing the visibility 
of the ground cable (400 kV line) or conductors (two 
132 kV lines). The fitting of these markers posed great 
problems, since it involved cutting off the current, and 
this led to delays in project deadlines.

ELECTROCUTION STUDY RESULTS

The selection of field work areas for the electrocution 
study was made so as to reflect a diversity of habitats 
and bird communities, where there was likely to be a 
high accident risk: the saltmarshes and hills of the 
Entomo de Donana, the Marismas del Odiel, the natu
ral and open Mediterranean woods of the Sierra de San 
Pedro and Monfragiie and the pastureland of treeless 
plains in the Llanos de Caceres.

The estimates of bird mortality rates at structures 
varied widely. This variation occurred when the counts 
of the first searches — to clear the ground — were taken 
into account, or only the results of the periodic searches 
thereafter, or when both sets of data were combined. 
Different results also occurred if statistical allowance 
was made for victim remains that did not come to light 
because of carrion eaters.

It was obvious that it would not be possible to obtain 
trustworthy mortality rates with a single clearing-up run, 
because such data would serve only to pinpoint hot
spots, and that it was essential to make an estimate of the 
victims that would not be recorded in the field work.

Among the factors considered, a priori, as determin
ing ones in bird electrocution, the first and foremost 
was the technical characteristics of the structures.

Lack of standardisation in structure design led to 
great difficulties in terms of evaluating the scope of the 
problem and gathering information relating accidents 
to structure type. In the context of this study alone 
more than eight hundred types were counted. The 
analysis centred on the identification of the effects of

Table 3. Bird electrocutions recorded in the first study phase 
(clearing-up run)

Species No. recorded

Azure-Winged Magpie (Cyanopica cyanus) 1

Bam Owl (Tyto alba) 6

Black Kite (Milvus migrans) 2 0

Black Stork (Ciconia nigra) 1

Bonelli's Eagle (Hieraetus fasciatus) 1

Buzzard {Buteo buteo) 40
Cattle Egret (Bubulcus ibis) 1 0

Eagle Owl (Bubo bubo) 1

Goshawk (Accipiter gentilis) 2

Griffin Vulture (Gyps fulvus) 1

Imperial Eagle (Aquila adalberti) 1

Jackdaw (Corvus monedula) 2

Kestrel (Falco tinnunculus) 5
Kite spp. (Milvus spp.) 1 1

Lesser-Black-Backed Gull (Larus fuscus) 1

Magpie (Pica pica) 1

Peregrine Falcon (Falco peregrinus) 4
Raven (Corvus corax) 39
Red Kite (Milvus milvus) 24
Short-Toed Eagle (Circaetus gallicus) 1

Spotless Starling (Sturnus unicolor) 1

Tawny Owl (Strix aluco) 8

White Stork (Ciconia ciconia) 27
Unidentified 1 1

Total 219

Table 4. Average mortality rates (number of birds per structure/ 
year) estimated for different basic designs for distribution line

structures

Basic structure designs No. bird 
deaths/year

Straight-through structure with hanging 0.03
insulators

Straight-through structure with rigid insulators 0.38
Mooring structure with jumpers under the cross 0 . 1 2

pieces
Mooriiig structure with jumpers over the cross 1 . 1 2

pieces
Structure with top-mounted circuit breaker 1 . 1 2

each  o f the stru ctu re  e lem en ts, so th at the d an g er of 
each  stru ctu re  cou ld  b e  ob ta in ed  b y  su m m in g  the ele-
m en ts o f w h ich  it is com p osed .

The stru ctu re  co n stru ctio n  m ateria l, the lay o u t o f the 
insu lators, o r  the p resen ce  o f ju m p e rs  o v er the u p p er 
cro ss arm  w ere sh ow n  to b e  the m o st im p o rtan t d an ger 
factors. W o o d en  stru ctu res w ith  n o  g ro u n d  cab le  w ere 
sh ow n  to b e  safer than  the m eta l ones b ecau se  they are 
p o o r cond u ctors. S tru ctu res w ith  rig id  in su la to rs  are 
m o re d an gerou s th an  stru ctu res w ith  h an g in g  ones.
and ju m p ers  o v er the cross arm , w h eth er in m o orin g
p o sts or in  circu it b reak ers, in crease  the d an g er o f elec-
trocu tion , as sh ow n  in T ab le  4.
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Fig. 1. The most effective anti-electrocution measures.

Other structure characteristics, such as the layout of 
the conductors, the existence of jumpers below the 
cross beams or column-moimted circuit breakers, are 
less influential factors in the danger of structures. In 
this respect, the existence on a structure of some of the 
most dangerous features may give rise to a bird mor
tality up to 35 times greater than that estimated for 
structures without such features. Analysis of electrocu
tion risk in terms of the technical characteristics of the 
structures allowed us to classify all known designs in 
five danger categories:
1. Structures with top-mounted circuit breaker
2. Structures with one or more jumpers over the cross 

beam
3. Structures with at least one rigid insulator
4. Structures with jumpers below the cross beam
5. Straight-through structures with hanging insulators 

Structure design is especially diverse in those areas
with many privately nm lines. These lines also have the 
greatest number of dangerous designs for birds. But 
any estimate of electrocution risk is always relative, 
inasmuch as the danger of a structure depends ulti
mately on the presence in the area of birds liable to 
perch on it. In this sense no clear relationship was 
shown between the abundance of birds in the working 
areas and the mortality recorded. More decisive was 
the specific make up of the birdlife in the areas studied 
and the behaviour differences between species.

Birds most prone to electrocution are those that most 
frequently perch on high vantage points. This is the 
case of diurnal raptors, which account for more than 
half of the recorded deaths, and also crows, storks and 
nocturnal raptors. Among these species, size is also a 
danger factor. Electrocution is commonest in large spe
cies, which are most likely to make simultaneous con
tact between structure and conductor.

Laboratory experience showed that, in simple cir
cuit lines, the safest design for all species is the stag- 
gered-arm type with hanging insulators and, above all, 
the one known as "Canadian" (hanging insulators with 
staggered conductor layout and sloping cross arms). 
This proven fact means we can safely claim that there 
are structures that would minimize electrocution risk 
in newly installed powerlines.

Table 5. Electrocution risks related to habitat groups

High Medium Low

Woods Extensive cereal 
farmland

Eucalyptus woods

Open woods Fallow land Farmland
Wetland Pastureland
Scrubland Built-up areas

Other measures designed to reduce electrocution 
risk were tested in the laboratory. Deterrent solutions 
were tested (designed to make it more difficult for 
birds to perch on the most dangerous parts of the 
structure), as well as the insulation of conductors 
and/or structures and mixed deterrent/insulation 
methods, analysing the cost, effectiveness and difficul
ties of various arrangements.

The insulation of cross arms or insulators and con
ductors, on structures with rigid insulators, and the 
insulation of the whole structure on structures with a 
top-moimted three-wire circuit breaker, turned out to 
be the most effective measures. The deterrent group, 
tried out only on structures with hanging insulators, 
showed less satisfactory results. But it was without 
doubt the field work that really showed the reliability 
of the various measures. Eight different measures were 
tested on the most common structures.

The results of the deterrent group, fitted on struc
tures with hanging insulators and a staggered layout, 
were not very conclusive, so there are no firm grounds 
for recommending the fitting of protection measures 
on this type of structures. Neither were very conclusive 
results obtained with other deterrent measures fitted 
on structures with jumpers under cross pieces (deter
rent "strips") and on top-mounted circuit breakers 
("rods"). Taken as a whole, insulating measures 
showed themselves to be much more effective, both 
that used on structures with rigid insulators (covering 
of insulator and conductor on structures with " 0 " 
mounting or, on structures with " 1 " mounting, insulat
ing plate below the central insulator and blanket cover
ing of side arms of the cross pieces), and that used on
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Fig. 2. The most effective anti-collision devices.

structures with jumpers over cross pieces (which were 
insulated with a geo-textile blanket).

At any rate the anti-electrocution measures did not 
prove to be equally effective for all species: on modi
fied structures deaths of small raptors fell less than 
deaths of larger raptors.

The permanent effectiveness of the measures is in 
any case determined by how long the materials last and 
how long the devices continue to work as when fitted. 
It is therefore very important that follow-up and moni
toring procedures be established to guarantee that the 
desired effects are attained by these measures, and 
equally important to use wherever possible devices 
little prone to degradation, such as barriers designed to 
deter perching. For newly installed powerlines the best 
solution is the range of safe designs combining effec
tiveness and durability, such as the Canadian-type 
structure.

COLLISION STUDY RESULTS

The work on collision risk shows that the overall effect 
of overhead transmission powerlines on birdlife is rela
tively low, very localised in area and, to a certain degree, 
easily reduced by marking the ground cable or the 
conductors. Its main impact is related to the abundance 
of bird species prone to collision with powerlines.

The areas chosen for this study represent different 
habitats where there was likely to be a high incidence 
of this sort of accident: a coastal saltmarsh with dense 
wader flocks (Marismas del Odiel) an inland reservoir 
with many water birds (Orellana), open Mediterranean 
woodland with large flocks of cranes and other winter
ing species (Valdecaballeros), open pastureland with a

Table 6. Bird collision risks related to habitat groups

High Medium Low

Open woodland Extensive cereal Woods
farmland

Wetland Fallow ground Scrubland
Treeless plains Farmland
Rubbish dumps Built-up areas

Fig. 3. Structure design considered as the safest: Canadian 
cross arm with hanging insulators.

birdlife characteristic of treeless plains, especially bus
tards (Llanos de Caceres) and a mountain area with a 
dense and varied raptor population (Foz de Lumbier).

The results show clear differences between collision 
mortality rates in each area: gross values range from no 
victim, in Foz de Lumbier, to the 25 victims per 
line/year in the most dangerous section of a distribu
tion line in the Marismas de Odiel.

This variability seems to be very closely related to 
the characteristics of the habitats crossed by the lines 
and to the bird species present and their behaviour, 
more so even than to the characteristics of the powerli
nes themselves. However, there are some technical and 
physical aspects of the lines that do seem to bear some 
relation to the rate of bird accidents. Thus, a factor that 
other studies point to as weighing heavily in the dan
ger of the line is the presence or absence of ground 
cables, since most collisions involve birds flying into 
this line rather than into the main cables. The number 
of horizontal plains or levels delimited by the cables 
may also influence collision risk, because it is after all a 
decisive factor in the size of the obstacle, although no 
firm conclusions have been drawn on this question.

Results of the study show that some species are little 
prone to collision (raptors and crows, for example) and 
others very liable to this type of accident (Great Bus
tards, Little Bustards, Corrunon Cranes, flamingos, 
storks and certain waterbirds) either because of their 
flight characteristics, size and habitual flocking behav
iour or their tendency to form temporary flocks in 
breeding and/or feeding areas (Table 7). Methodologi
cal aspects such as search frequency, the width of the
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Table 7. Bird collisions recorded in the first study phase

Species No. individuals

Black Tem (Chlidonia niger) 5
Black-Headed Gull (Larus ridibundus) 1

Common Crane (Grus grus) 1 1

Flamingo (Phoenicopterus ruber) 5
Great Bustard {Otis tarda) 16
Griffin Vulture (Gyps fulvus) 1

Lapwing (Vanellus vanellus) 1

Lesser-Black-Backed Gull (Larus fuscus) 1

Little Bustard (Otis tetrax) 1 0

Mallard (Anas platyrhynchos) 2

Moorhen (Gallinula chloropus) 1

White Stork (Ciconia ciconia) 8

Willow warbler/Chiffchaff etc. (Phylloscopus 
spp.)

2

Woodpigeon (Columba palumbus) 9
Unidentified 2

Total 8 6

terrain searched or the training of the observers in 
detecting victims or bird remains lead to under- or 
over-estimations of the mortality of certain species or 
bird-size categories. Thus, for example, a single or 
clearance search was shown to be insufficient. A realistic 
estimate of remains removed by carrion eaters is essential 
for a duly weighted estimate of mortality rates.

Anti-collision measures tested showed very dispa
rate levels of effectiveness. In general, and according to 
the results of other studies, it can be said that the size 
of the marking device has no direct influence on overall 
results but it does affect the frequency along the length 
of the line.

Of the three methods tried out, the fitting of white 
spirals 30 cm in diameter, laid out in alternate direction 
on the ground cable every 1 0  m, was shown to be the 
most effective. The white spirals were tested on three 
spans, leaning three control spans between the test 
spans. The number of collisions in the spans with spi
rals were eight before the fitting of spirals and four 
after the fitting of spiral. The number of collisions in the 
control spans, always without spirals, were four before 
the fitting of spirals in the test spans and 2 1  after the 
fitting of the spirals in the test spans. Hanging black 
plastic hoops, 70 cm long and fitted in groups of three 
every 15 m on the central conductor of a distribution 
line with vaulted structures, were shown to be of little 
use under test conditions.

Lastly, the fitting of black neoprene strips 35 cm 
long, attached to the side conductors by plastic fasten
ers on a line with portal structures and no ground 
cable, proved to be effective as an anti-collision marker 
for practically all birds present in the area of the tested 
line, except for Great Bustards, a species for which the 
problem of power line collisions has yet to be solved.

CONCLUSIONS

This research has allowed a specific methodology to be 
put into practice for identifying the impact of overhead 
powerlines on birdlife, with sovmd sampling methods 
and a thoroughgoing scientific treatment of field data.

As a result much more is now known about bird 
deaths, about the scope of the problem, the species and 
bird groups most liable to be affected, and the influence 
of various factors on mortality rates; furthermore a 
range of corrective measures has been tested to find out 
which are most effective. The results obtained and so
lutions proposed therefore represent a fimdamental 
reference point for any future work in this area.

The limitation of the study to protected sites of natu
ral interest and the concentration on species under 
threat, protected or in danger of extinction in no way 
lessens the general validity of the results. On the con
trary they may be applied to any area and to all bird 
species.

The work carried out is of enormous interest to 
public bodies involved in the conservation of Spain's 
natural heritage, conservation bodies, the electricity 
companies themselves and installation companies of 
privately operate powerlines. All may use the conclu
sions herein presented to help in their search for reliable, 
low-cost solutions to lessen or eliminate the impact of 
powerlines on birds, whilst also finding solutions to the 
problems associated with running and maintaining the 
grid. Many actions previously undertaken to protect 
birdlife from the impact of overhead powerlines were 
not based on prior studies that would guarantee the 
effectiveness of the corrective measures at hand. This 
uncertainty led to continuous delays in their adoption. 
The effectiveness of commercial anti-electrocution de
vices was highly dubious, while most corrective solu
tions, such as burying lines underground or the use of 
braided cables, were complex and costly.

The solutions offered by this research are simpler, 
more effective and cheaper and may be fitted to a great 
number of structures in little time using low-cost mate
rials. The protection prototypes tried out have been 
tried and tested for use on existing lines and may be 
applied across the board, whatever the structure or 
voltage involved.

The electricity companies promoting this research 
put into practice the preliminary conclusions of the 
study even before it ended. Their overhead lines are 
now among the safest in Spain, in marked contrast to 
the great danger still posed by privately run distribu
tion lines. The solution of this latter problem calls for 
the intervention of the Public Administration, which 
should demand the use of safe designs in new lines and 
encourage the modification of those already working. 
For this imdertaking the "Manual for Evaluating Risks 
and Solutions", written when the research work was 
over, is the basic reference document, showing the 
most suitable solutions for each installation type.
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One of the most important conclusions to come out 
of the project was the demonstration that most acci
dents happen with a limited number of structures 
(electrocution) and spans (collision). The information 
now available means that the potentially most danger
ous structures can be identified and the most suitable 
modifications be proposed, complete with sound esti
mates of the resulting fall in mortality.

The project results also offer the possibility of mak
ing reliable predictions of bird mortality caused by 
overhead powerlines in a specific site of natural inter
est, once the make up of the birdlife and the type of 
habitat and powerlines involved are known. It also 
allows accident hot-spots to be pinpointed and the 
most suitable solutions to be proposed. Until now such 
tasks called for years of dedication and a sizeable in
vestment, while today it is possible to do so at a low 
cost and with a minimum number of samples.
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Mitigation of Impacts to Timber Rattlesnakes 
{ C r o t a l u s  h o r r i d u s  h o r r i d u s )  During 

Replacement of a Natural Gas Transmission
Line in Southeastern New York

Roderick Soper and Karl Schoeberl

Timber rattlesnakes are listed as a threatened species in the State of New York and as such are 
afforded legal protection under State Law. Central Hudson Gas and Electric Corporation replaced 
approximately 9.7 km ( 6  miles) of a 25.4 cm (10-inch) natural gas pipeline in southeastern. New 
York. Preliminary wildlife surveys revealed that approximately 0.5 km (0.3 mile) of the right-of- 
way was located within an area used by timber rattlesnakes as basking habitat. Concern was 
expressed by regulatory agencies over possible impacts to rattlesnake populations in this area. A 
mitigation plan was developed in consultation with the involved agencies that outlined a proce
dure to capture and remove any timber rattlesnakes encountered during all phases of construction, 
and right-of-way restoration procedures to restore rattlesnake habitat within the delineated bask
ing area. During construction, three timber rattlesnakes were captured and removed from the 
right-of-way. Restoration procedures involved the careful replacement of boulders and smaller 
rocks that were utilized as basking areas and escape cover for the rattlesnake. This mitigation plan 
documented that impacts to a threatened species can be successfully mitigated while concurrently 
improving wildlife habitat.

Keywords: Timber rattlesnake, pipeline, habitat, mitigation plan, regulatory review, utility, con
struction, New York State Public Service Commission

INTRODUCTION

The timber rattlesnake {Crotalus horridus horridus) (Fig. 
1) is found throughout the eastern half of the United 
States covering 30 states from eastern Kansas, Okla
homa and Texas to limited areas across New York and 
New England (Brown 1993, Conant and Collins 1991). 
Distribution of the snake has dwindled within New 
York historically since the arrival of settlers to North 
America (Stechert 1982). Current estimations of popu
lation size, based on surveys of derming locations and 
basking habitat, have indicated that timber rattlesnake 
populations have been steadily decreasing throughout 
New York State and New England (Brown 1992, 
Stechert 1992). These surveys indicate an approximate 
60 % decrease of rattlesnake populations within New 
York and northern New Jersey since 1900 (Stechert 
1992).

Reductions in population size and habitat loss have 
been attributed to a variety of factors. Changing land 
use patterns (i.e., increased residential, commercial, 
and industrial development) within timber rattlesnake 
habitat has increased the interactions between the 
rattlesnake and humans leading to a decrease of timber 
rattlesnake numbers and occasionally denning sites 
throughout their range. The loss of denning locations is 
critical as the timber rattlesnake depends on these dens 
to hibernate and survive the cold winters of the north
east. The exposure of the timber rattlesnake has also 
lead to an increase of illegal snake hunting which has 
further decreased timber rattlesnake populations. Con
sequently, New York has classified the timber rattle
snake as a threatened species which mandates legal 
protection of the snake and its associated habitat. 
Neighboring New England states such as New Hamp
shire, Connecticut, Vermont, and Massachusetts have
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Fig. 1. Dark phase gravid female timber rattlesnake with a 
typical blotched pattern.

Fig. 2. Copperhead that was located along the right-of-way.

listed the timber rattlesnake as endangered, while 
Maine and Rhode Island classify the snake as extir
pated (Breisch 1992).

In April 1994, Central Hudson Gas and Electric Cor
poration (Central Hudson) filed an application with 
the New York State Public Service Commission (PSC) 
pursuant to Article VII of the New York State Public 
Service Law and the implementing regulations at 16 
NYCRR Part 85, for the reconstruction of 10.1 km (6.3 
miles) of an existing 25.4 cm (10 inches) diameter natu
ral gas transmission line. In New York State, any fuel 
gas transmission line which extends one thousand feet 
or more, and transports gas at 125 psig or more, is 
regulated by the PSC and must obtain a Certificate of 
Environmental Compatibility and Public Need before 
construction can commence. During the Certification 
review it was determined that this line, located in Or
ange County in southeastern New York, traversed 
through potential basking habitat for the timber rattle
snake. That determination, coupled with the location of a 
nearby den, increased the probability that rattlesnakes 
could be utilizing this area for thermo-regulation, forag

ing, and escape cover. Consequently, the pipeline 
right-of-way was surveyed for the presence of rattle
snakes and assessed for the presence of suitable rattle
snake habitat so that measures could be developed to 
mitigate impacts associated with the construction.

The survey confirmed that approximately 0.5 km 
(0.3 miles) of the right-of-way did have high potential 
to be used by timber rattlesnakes for basking habitat. 
This area of the right-of-way was identified only as an 
"environmentally sensitive area" so as to maintain 
anonymity of the area as suitable rattlesnake habitat, 
and to reduce the potential for unwanted intrusions 
(i.e., poachers). The survey did not locate any timber 
rattlesnakes, but one copperhead (Agkistrodon contortrix) 
(Fig. 2) was located indicating that individual rattle
snakes from the nearby den may be using the area as 
copperheads and timber rattlesnakes will often use the 
same denning locations in the northeastern United States.

The survey also found that the techniques used 
when the old pipeline was originally constructed in 
1950, improved rattlesnake habitat quality by leaving 
an abundance of boulders piled over the ditch. These 
boulders offered excellent habitat for rattlesnake bask
ing and/or shelter. Ongoing maintenance has kept the 
right-of-way free of tall trees, and nearly 1 0 0 % sunlight 
conditions exist throughout the area (Fig. 3). This was 
of particular significance as the surrounding area con
sists of a somewhat closed canopy oak forest that does 
not allow much sunlight to reach the ground.

During permitting of the project, there was concern 
that disturbance of the rocks over the original pipeline 
ditch could potentially expose rattlesnakes to direct 
damage from heavy rocks or equipment, and could 
leave them more susceptible to predation (human, ani
mal, or avian). Additionally, there was concern that if 
the timber rattlesnakes were located by construction 
personnel, they might be killed. As a result of these 
concerns, a mitigation plan was developed in order to 
help avoid some of the potential impacts to the timber 
rattlesnake along the pipeline corridor.

■3 'iAlA-
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Fig. 3. Pipeline right-of-way showing placement of large 
rocks left during construction of the pipeline in 1950.



Mitigation o f impacts to timber rattlesnakes 329

MITIGATION TECHNIQUES 

Mitigation measures
In consultation with the PSC and New York State De
partment of Environmental Conservation (DEC), a 
mitigation plan was developed to address concerns 
and risks for the timber rattlesnake where potential 
impacts were possible. The plan was comprised of both 
written and verbal agreements which called for the 
following measures to be taken:
-  a person qualified in the handling of venomous 

snakes (given the title 'snake monitor') would be on 
site any time construction equipment traversed, or 
construction activities were conducted, within the 
area delineated as potential snake habitat;

-  the snake monitor would conduct daily pre-con
struction walkovers prior to any construction activi
ties within the delineated rattlesnake area;

-  signs were to be posted within the right-of-way af 
the ingress and egress of the area so all construction 
personnel would know where mitigation require
ments were in effect;

-  all construction activities and personnel be confined 
fo the right-of-way;

-  all construction persormel would be educated about 
timber rattlesnakes in the project area and informed 
what to do in case of a timber rattlesnake encounter;

-  large rocks that had previously served as backfill for 
the pipeline would be returned to the right-of-way 
in a manner that would be beneficial for the timber 
rattlesnake.

These mitigation measures were followed throughout 
the construction and restoration phases of the project 
and were conducted imder the authority of an endan
gered species permit issued to the snake monitor by 
DEC.

Implementation of mitigation measures
The plan was implemented through the environmental 
inspector for Central Hudson who acted as a coordina
tor between the construction personnel and the snake 
monitor. The inspector insured that the snake monitor 
was on site before construction activities took place 
within the delineated rattlesnake habitat. The inspector 
and snake monitor also instructed construction person
nel about the timber rattlesnake, informing them of its 
legally protected status and advising them not to har
ass or kill any snakes found. Personnel were informed 
that the timber rattlesnake is not aggressive by nature 
and will, if not antagonized or startled, avoid conflicts 
with humans. Additionally, the construction persormel 
were informed that if a timber rattlesnake was encoun
tered they were to suspend all construction activities 
until the snake monitor had removed the snake or had 
determined that there was no longer a threat to the 
animal from construction.

While on site, the snake monitor stayed by all con
struction equipment as the various pipeline re-con

struction tasks were completed. Special attention was 
paid to the removal of fhe pipe overburden as this area 
had the highest likelihood for an encounter due to the 
presence of large boulders thaf would have to be 
moved in order to remove the old pipe. In the event a 
snake was observed, the equipment operator and the 
snake monitor were to work closely together so the 
operator could hold the boulder in place while the 
snake monitor removed the snake from under the rock 
and place it into a sealed plastic container. A state 
licensed herpetologist would then be called to place the 
captured rattlesnake in a nearby area with suitable 
habitat to decrease the chance of the snake's return to 
the right-of-way. If the snake appeared to be injured, 
the monitor would contact a wildlife rehabilitator so 
the snake could receive proper veterinary care.

RESULTS

Three timber rattlesnakes were encountered during the 
replacement pipeline project. The first snake was a 104 
cm (41 inch) pre-shed male that was found under a rock 
as it was moved during grading of the right-of-way. 
When the snake was discovered great care was taken 
by the operator to hold the boulder sheltering the snake 
in place until the snake could be removed. When the 
snake was secured in a large plastic container, a state 
licensed herpetologist was notified as soon as possible 
to remove the snake from the right-of-way. During the 
process of moving the snake it was observed that the 
snake had contusions and abrasions that occurred 
when its shelter rock was moved. The snake was 
turned over to a wildlife rehabilitator for treatment and 
observation. The snake later died, presiunably from the 
observed injuries. A necropsy of the animal revealed 
that the snake had incurred lethal internal injuries.

A second snake was observed by the equipment 
operator during the refueling of a backhoe within the 
delineated rattlesnake habitat. The snake was located 
between the backhoe and a previously strung piece of 
pipe. The operator notified the snake monitor who 
promptly captured the snake. The snake was estimated 
to be 101-114 cm (40^5 inches) in length and was in 
excellent condition. Working with the herpetologist, 
the snake monitor had previously located several suit
able release sites in the vicinity of the project area prior 
to the capture of the second snake. The second cap
tured snake was subsequently released to one of those 
locations.

Locating these release sites eliminated the need for 
the herpetologist to come on site which decreased the 
amount of fime the snake was held in captivity and 
reduced the likelihood of snake/human interaction. 
Release sites were chosen that would place the cap
tured snake closer to the den location, but far enough 
away from the right-of-way to reduce the chance the 
snake would return. In all cases the snakes that were
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captured and returned to the wild were released within 
the same den population to insure survivability of the 
captured snake.

The last snake observed was found during the 
trenching operation and was located under a large 
boulder that was removed adjacent to the pipe trench. 
Again, the operator held the boulder in place while the 
snake monitor removed the snake from imder the rock. 
The snake was estimated to be approximately 64 cm (25 
inches) in length and was also in excellent condition. It 
was captured, placed in a large plastic container, and 
placed in a shaded location until there was a break in 
the trenching operations. The snake was then released 
soon after its capture at one of the prescribed off site 
locations.

Once construction was complete in the snake miti
gation area, right-of-way restoration measures were 
initiated. This primarily consisted of careful replace
ment of boulders, left previously by the construction of 
the original pipeline, back to their pre-existing position 
(or as close as possible). During the grading operations 
to prepare the right-of-way for construction, the snake 
monitor worked closely with the equipment operators 
to save those boulders that were best suited for timber 
rattlesnake basking for return to the right-of-way. 
Modem day restrictions and Central Hudson safety 
polices would not allow rocks to be placed immedi
ately over the ditch in their original location. For that 
reason the rocks were placed within the right-of-way, 
but slightly off the centerline of the replaced pipeline 
trench. Rocks were placed in such a manner that flat 
surfaced boulders obtained the maximum amount of 
sunlight possible while still allowing snakes to shade 
under the same rock. This was accomplished as much 
as possible within the entire basking area, and with the 
additional clearing conducted for constmction, im
proved the habitat for timber rattlesnakes.

SUMMARY

Mitigation measures used to lessen impact to the tim
ber rattlesnake can be done in a variety of ways de
pending on the project and the potential impact to the 
snake. If it is practicable, one of the most successful 
ways to mitigate impact is to coordinate construction 
activities outside the period of time the snake will be 
most active. This window is approximately from mid- 
October through mid-April in New York state, but can 
occasionally be expanded or contracted depending on 
the distance of the project from existing dens, and the 
availability of rattlesnake basking and foraging habitat 
(Stechert 1995, 1996). This allows a project to be com
pleted while the timber rattlesnake is within the den 
and far decreases the chance the snake will be directly 
harmed from construction activities. For this project 
that was not practical due to timing constraints and gas 
delivery schedules.

However, with the implementation of this mitiga
tion plan, the utility company was able to complete the 
project in a timely and cost-effective manner while still 
maintaining protection for the resource. The loss of the 
one timber rattlesnake is, unavoidably, part of the im
pact that this resource did incur, but the majority of the 
timber rattlesnakes encountered were successfully re
moved from the right-of-way unharmed. Ironically, 
the primary reason that the timber rattlesnakes utilized 
the basking area was due to the maintained right-of- 
way, and the placement of the rocks when the pipeline 
was originally constructed in 1950. Through continued 
right-of-way vegetation management, environmental 
sensitivity, and common sense, this prime rattlesnake 
habitat will continue to exist well into the future. Addi
tionally, with continued diligence in timber rattlesnake 
habitat conservation, the timber rattlesnake can con
tinue to use the site in much the same way it did prior 
to construction of the replacement pipeline.
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Conservation of the Gopher Tortoise and 
Associated Species During Construction of 

the Florida Gas Transmission Company 
Phase III Expansion Project

Edward E. Wester and Joe W. Kolb

In 1994—95 Florida Gas Transmission Company constructed a 1,312-km (815-mile) natural gas 
pipeline from Louisiana to southern Florida. Preliminary surveys of the Phase III Expansion Project 
right-of-way indicated that the gopher tortoise, Gopherus polyphemus, occurred along much of the 
route and was especially abundant along those portions of the project route in peninsular Florida. 
The gopher tortoise is federally protected as a threatened species on those portions of the Phase III 
right-of-way in eastern Louisiana, south Mississippi, and southwestern Alabama. The gopher 
tortoise is also protected by state law in Louisiana, Mississippi, Alabama and Florida. Prior to 
initiation of construction activities, multiple teams of biologists, working simultaneously along the 
entire Phase III route, conducted intensive gopher tortoise burrow surveys, inspected burrows with 
remote video systems, collapsed unoccupied burrows, and ultimately trapped or excavated gopher 
tortoises occurring in burrows within the construction corridor. Gopher tortoises and any other 
vertebrate commensal organisms (such as the threatened eastern indigo snake) were temporarily 
displaced into burrows located adjacent to the construction corridor or into suitable adjacent 
habitat. The Phase III right-of-way was routinely resurveyed for new gopher tortoise burrows 
immediately before construction and all open trenches were inspected daily for tortoises or any 
other trapped wildlife. At project completion, 5,934 burrows had been cleared from the construc
tion corridor and 2,524 gopher tortoises had been displaced, making this one of the largest 
single-species relocation efforts ever undertaken. Over 450 other vertebrate commensal organisms 
(including 40 species of frogs, lizards, snakes, mammals and birds) were also removed from 
burrows and displaced. Recaptures of marked tortoises and radio-telemetry studies indicated that 
displaced tortoises remained in the immediate vicinity throughout construction. Following revege
tation, gopher tortoises have now reoccupied many areas of the Phase III right-of-way. Florida Gas 
Transmission Company's program of temporary displacement proved successful and had a signifi
cantly lesser impact on the gopher tortoise and substantially lower cost than would have a program 
of off-site relocation.

Keywords: Gopher tortoise, natural gas pipeline, right-of-way, conservation, wildlife, threatened 
species, relocation

INTRODUCTION

Maintained rights-of-way often provide suitable habi
tat for numerous species of wildlife. In fhe southeastern 
U.S. one species in particular, the gopher tortoise {Go
pherus polyphemus), can often be found in relative abun
dance on utility corridors. The gopher tortoise is a 
large, terrestrial turtle that prefers open, sunny habifats 
wifh a well-developed herbaceous ground flora (Auf-

fenberg and Franz 1982, Diemer 1986, Landers 1980). 
As such, gopher tortoises are frequently attracted to 
maintained pipeline, powerline and highway rights-of- 
way, especially in areas where adjacenf habitats have 
been degraded by adverse land-use practices.

The gopher tortoise occurs in suitable Coastal Plain 
habitats from extreme eastern Louisiana through the 
southern portions of Mississippi, Alabama and Georgia 
into extreme southern South Carolina and southward



334 E.E. Wester and J.W. Kolb

throughout much of Florida (Auffenberg and Franz 
1978). Gopher tortoises generally occur in colonial ag
gregations on well-drained sandy or gravelly soils of 
xeric, upland, open forests and savannahs (Auffenberg 
and Franz 1982, Carr 1952, Mount 1975). The species is 
probably best known for the extensive burrows it digs. 
Adult burrows are generally 5-7 m in length and 2-3 m 
deep but may extend up to 14 m In length (Ernst and 
Barbour 1972). The burrows provide the gopher tor
toise with refuge from the physiologically demanding 
environment in which the species occurs. Gopher tor
toise burrows also provide refuge for as many as 400 
different species of invertebrates, frogs, lizards, snakes, 
mammals and even birds, many of which are believed 
to be obligate commensal species (Franz 1986, Mount 
1975, Young and Goff 1939). As such, the gopher tor
toise is often referred to as a "keystone species" in 
upland habitats of the southeastern U.S. Coastal Plain 
(Eisenberg 1983).

As have many other species, the gopher tortoise has 
declined substantially throughout its range (Auffen
berg and Franz 1982, Lohoefener and Lohmeier 1984). 
Adverse forestry practices, agriculture, urbanization 
and human predation are considered to be the primary 
factors responsible for this decline (Auffenberg and 
Franz 1982, Diemer 1986, Pulliam 1987). Gopher tor
toises are now protected as a threatened species, under 
the Endangered Species Act of 1973 (as amended), in 
Louisiana, Mississippi and southwestern Alabama 
("western population"). Gopher tortoises are also pro
tected under state conservation laws or regulations 
throughout the species' range.

In 1994-1995, Florida Gas Transmission Co. (FGT), 
an Enron/Sonat affiliate, constructed 1,312 km (815 
miles) of large diameter natural gas pipeline from Lou
isiana to south Florida. Construction of the Phase 111 
Expansion Project occurred largely within FGT's exist
ing pipeline right-of-way and within other existing 
utility rights-of-way. All but a small portion of the 
project route was within the range of the gopher tor
toise, and gopher tortoises were known to be present 
along much of FGT's existing right-of-way as well as 
other rights-of-way used for construction. Given the 
size and length of the pipeline rerouting was not feasible. 
As such, FGT was required to develop and implement an 
extensive gopher tortoise conservation program in con
junction with its Phase 111 Expansion Project.

Throughout the species' range, gopher tortoises 
threatened by construction activities are typically relo
cated, often substantial distances, away from the area 
of potential impact. However, such relocations are 
often considered unsuccessful in that most relocated go
pher tortoises disperse from the relocation site to un
known locations and fates after release (Burke 1989, 
Diemer 1984, Diemer et al. 1989). Moreover, the potential 
impacts to the genetic and social integrity of the local 
populations from which gopher tortoises are relocated, 
as well as on the local populations into which they

might be introduced, are unknown. FGT considered 
off-site relocation but the potential for adverse impacts 
to the gopher tortoise conjoined with the high costs of 
implementing an off-site relocation plan over such an 
extensive project necessitated development of a differ
ent approach to conservation of gopher tortoises likely 
to be impacted by the Phase 111 Expansion Project.

Unlike most construction projects, pipeline con
struction does not result in a permanent adverse modi
fication of gopher tortoise habitat. Impacts are 
temporary and are associated primarily with the actual 
construction phase of a project. Following construc
tion, revegetation and routine maintenance, pipeline 
rights-of-way typically provide suitable habitat for go
pher tortoises, as evidenced by the abundance of go
pher tortoises present on many such rights-of-way 
throughout the southeastern U.S. Given that the post
construction Phase III right-of-way would quickly 
again become suitable for gopher tortoises, FGT devel
oped and implemented a conservation plan in which 
gopher tortoises (and commensal species) occurring in 
burrows within the construction corridor were only 
temporarily displaced into nearby, adjacent habitats 
unimpacted by pipeline construction.

METHODS

Preconstruction
Because of the scope of the Phase III Expansion Project, 
permitting of FGT's gopher tortoise conservation plan 
required extensive interaction with three U.S. Fish and 
Wildlife Service field offices, conservation departments in 
Louisiana, Mississippi, Alabama and Florida, two Na
tional Forests and the Federal Energy Regulatory Com
mission. In consultation with these agencies, FGT 
developed its plan of temporary displacement of go
pher tortoises from the Phase III construction corridor.

Preliminary gopher tortoise burrow surveys were 
conducted along the Phase III right-of-way in 1992 and 
1993. Because gopher tortoises frequently dig new bur
rows, the construction corridor was again resurveyed 
for burrows beginning in early February 1994, immedi
ately prior to the initiation of displacement work. Dur
ing these resurveys, all gopher tortoise burrows 
identified were examined with remote video systems 
that allow viewing of the entire length of the gopher 
tortoise burrows. All gopher tortoise burrows within 
the construction corridor that were conclusively deter
mined to be unoccupied by a gopher tortoise or verte
brate commensal were collapsed. Subadult and 
hatchling burrows that were too small to examine and 
any burrows for which conclusive occupancy determi
nations could not be made were considered to be occu
pied and left undisturbed.

Capture and displacement of gopher tortoises from 
the Phase III construction corridor began in mid-Febru
ary 1994 in southern Florida, where the gopher tortoise
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may be active throughout the year, and in late 
March/early April 1994 in northern Florida and south
ern Alabama, Mississippi and Louisiana, where gopher 
tortoises are generally inactive during the winter. The 
vast majority of gopher tortoises were displaced be
tween late March and early June 1994. Gopher tortoises 
were trapped, excavated from their burrows or, occa
sionally, captured by hand at their burrow entrances. 
Gopher tortoises were trapped using pit-fall traps bur
ied in front of the entrance of a burrow or using wire 
mesh live traps. All traps were checked twice daily, in 
the late morning and late afternoon. Following capture, 
all burrows were reinspected with a remote video sys
tem to insure that additional tortoises were not present 
and the burrows were then collapsed.

Gopher tortoises were excavated from their burrows 
either with hand-shovels or backhoes. Backhoes were 
used most extensively in peninsular Florida where the 
greatest densities of gopher tortoises occurred and 
where construction was not occurring adjacent to an 
existing pipeline. At times, as many as eight backhoes 
were in use simultaneously within a 1-2 km portion of 
the project route. Metal plates were welded across the 
teeth of backhoe buckets to facilitate a slow, progres
sive burrow excavation in which the operator could 
easily see the extent of his impact. During excavation, 
whether by hand or backhoe, a small, flexible tube was 
progressively inserted as far into each burrow as possible 
to insure that the burrow path was not obscured with 
loose dirt and potentially lost. Measurements indicated 
on the tube also allowed excavation efforts to stop just 
prior to reaching a gopher tortoise, thus reducing the 
chances of injury. AU burrow excavations were backfilled 
following removal of the resident gopher tortoise.

All gopher tortoises captured were photographed 
(dorsal, ventral, anterior), measured (mass, plastral 
length, carapace length, bridge width), sexed (if ma
ture), aged (if annuli discemable) and permanently 
marked. Marking was accomplished by drilling small 
holes in a specific combination of marginal scutes using 
a standard numbering scheme (Cagle 1944). To mini
mize the risk of potential disease transmission among 
displaced gopher tortoises, all captured tortoises were 
handled with disposable latex gloves or biologists 
washed their hands following handling of each gopher 
tortoise. Additionally, all remote video cameras, traps, 
shovels, backhoe buckets, burrow tubes, measuring 
calipers, etc. were disinfected with a dilute chlorox or 
alcohol solution after each use.

Immediately following capture and data collection, 
gopher tortoises removed from burrows within the con
struction corridor were released into inactive/aban
doned gopher tortoise burrows located in unimpacted 
portions of FGT's existing right-of-way, into inac
tive/abandoned burrows located in suitable habitats 
adjacent to the construction corridor or directly into 
suitable adjacent habitats. Gopher tortoises were typi
cally displaced less than 100 m from their original

burrow and no gopher tortoises were displaced into 
burrows separated by an unsuitable barrier (e.g., road, 
creek, wetland) from their original capture location.

Approximately 193 km (120 miles) of the Phase III 
route passes through the range of the threatened "west
ern population" of the gopher tortoise. Gopher tor
toises in this portion of the species' range receive the 
greatest level of legal protection and, therefore, were 
the focus of FGT's most intensive conservation efforts. 
Several modifications to FGT's basic conservation plan 
were made for this portion of the project. Gopher tor
toises within the construction corridor were either 
trapped using pit-fall traps or wire live-traps or they 
were excavated by hand from their burrows. No back
hoes were used to excavate burrows on this portion of 
the Phase III route. In general, unoccupied burrows 
located adjacent to the construction corridor into which 
displaced gopher tortoises could be released were lim
ited in number and often not available. Therefore, most 
displaced tortoises were released into starter burrows, 
dug to approximately one meter in length, in the adjacent, 
unimpacted portions of FGT's existing right-of-way. Ex
isting inactive or abandoned burrows and starter bur
rows were surrounded by a temporary enclosure 
approximately eight meters in diameter. Temporary en
closures were constructed of 35 cm high aluminum sheet
ing buried approximately 10 cm into the ground. A single 
displaced gopher tortoise was held in each temporary 
enclosure for three weeks, after which the enclosures 
were removed. The enclosures were inspected daily 
throughout the confinement period. The intent of the 
temporary enclosures was to encourage displaced go
pher tortoises to utilize and lengthen the starter burrows 
and to reduce the chances that they would attempt to 
return to the construction corridor and reoccupy their 
collapsed burrows or excavate new burrows.

To ensure that construction of the Phase III Expansion 
Project did not adversely impact protected or sensitive 
burrow commensal species such as the threatened east
ern indigo snake {Drymarchon corais couperi), dusky 
gopher frog (Rana capita sevosa) or Florida mouse (Po- 
domys floridanus), FGT also committed to protect all 
vertebrate burrow commensals. Any burrow in which 
a vertebrate commensal was observed with a remote 
video system was either left undisturbed and the com
mensal organism allowed to disperse on its own or the 
burrow was excavated. Captured vertebrate commen
sals were released into gopher tortoise burrows in ad
jacent habitats imimpacted by pipeline construction or 
directly into adjacent habitats.

Construction of the Phase III Expansion Project oc
curred at multiple locations along the project route 
simultaneously. Therefore, it was necessary for FGT to 
implement its gopher tortoise conservation plan simul
taneously at multiple locations spread over virtually 
the entire 1,312 km (815-mile) construction corridor. 
During periods of peak activity, 41 biologists were 
directly involved in gopher tortoise conservation efforts



3 3 6 E.E. Wester and J.W. Kolb

along the Phase III route. An additional 15-20 opera
tors and associated personnel were also involved dur
ing periods of extensive backhoe use.

To minimize the potential for adverse impacts to 
gopher tortoises and burrow commensals in the imme
diate vicinity of construction activities, FGT incorpo
rated discussions and a video summary of its gopher 
tortoise conservation plan into preconstruction envi
ronmental training for project construction personnel. 
Project biologists also interacted with construction per
sonnel throughout construction to ensure continued 
understanding and compliance with FGT's gopher tor
toise conservation plan and to ensure that changes in 
construction plans and schedules were incorporated 
into ongoing gopher tortoise conservation efforts.

Construction
During project planning, there was significant and jus
tified concern that displaced gopher tortoises would 
attempt to return to the construction corridor and reoc
cupy their collapsed burrows or excavate new bur
rows. There was also concern that gopher tortoises 
from adjacent habitats might excavate new burrows 
between the time that burrows were initially cleared 
from the construction corridor and the beginning of 
construction. Fencing of both sides of the construction 
corridor in areas with gopher tortoises was considered 
but ultimately rejected because of the tremendous costs 
associated with erecting, inspecting and maintaining 
hundreds of miles of tortoise-proof fences. Instead, 
FGT biologists continuously conducted resurveys of 
the construction corridor irmnediately ahead of each 
land-disturbing construction activity such as clearing, 
grading, trenching, etc. All new burrows excavated by 
gopher tortoises within the construction corridor were 
treated as previously described.

Along many parts of the project route, numerous 
gopher tortoise burrows occurred immediately adja
cent to the construction corridor in unimpacted por
tions of FGT's existing right-of-way and in suitable 
adjacent habitats. To protect such burrows from im
pacts associated with inadvertent off right-of-way ac
tivities, all burrows located immediately adjacent to 
the Phase III construction corridor were identified as 
off-limits areas using protective flagging and/or barri
cade fencing. Adjacent burrows were monitored daily 
by project biologists throughout periods of active con
struction to insure continued protection and compli
ance with FGT's conservation plan.

Project biologists inspected all open trenches daily 
for gopher tortoises and any other wildlife that may 
have become trapped in the trench. Spoil piles were 
also examined regularly for evidence of gopher tortoise 
burrows. Project biologists were onsite at all times in all 
major construction areas throughout construction of 
the Phase III Expansion Project. Construction of the Phase 
III Expansion Project was completed in the areas of great
est gopher tortoise densities by September 1994.

Postconstruction
To help assess the success of its program of temporary 
displacement of gopher tortoises from the Phase III 
construction corridor, FGT conducted a radiotelemetry 
study of the movements of displaced gopher tortoises 
and conducted resurveys of the Phase III right-of-way 
approximately six months following construction. 
FGT's radiotelemetry study was conducted within the 
threatened range in Louisiana and Mississippi and is 
discussed in detail in Wester and Kolb (in prep). Post
construction gopher tortoise burrow surveys were con
ducted during 25-30 May 1995, along two five-mile 
portions of the Phase III construction corridor in each 
of eight Florida counties with the greatest gopher tor
toise densities.

To assess the potential long-term impacts of opera
tion and maintenance of the Phase III pipeline within 
the range of the threatened "western population" of the 
gopher tortoise, FGT is also required to conduct a study 
of those potential long-term impacts. That study is 
currently ongoing.

RESULTS

At the conclusion of FGT's gopher tortoise conserva
tion efforts, 5,934 gopher tortoise burrows were cleared 
from the Phase III construction corridor. A total of 
1,725 burrows (29.1%) were found to be unoccupied as 
a result of examinations with remote video systems 
and were collapsed, 2,791 burrows (47.0%) were exca
vated with backhoes, 693 burrows (11.7%) were cleared 
by trapping the resident gopher tortoises, 637 burrows 
(10.7%) were excavated by hand and 88 burrows (1.5%) 
were cleared by hand capture of the resident tortoise at 
the burrow entrance. A total of 2,524 gopher tortoises 
were temporarily displaced from burrows located 
within the Phase III construction corridor. Within the 
threatened range of the gopher tortoise in Louisiana, 
Mississippi and southwestern Alabama 87 gopher tor
toises were displaced, four gopher tortoises were dis
placed in the range of the non-threatened population in 
Alabama and 2,433 gopher tortoises were temporarily 
displaced from the Phase III construction corridor in 
Florida. Table 1 summarizes, by state and county/par- 
ish, the numbers of gopher tortoises displaced and 
burrows cleared from the construction corridor during 
FGT's gopher tortoise conservation efforts.

Active/inactive burrow-to-tortoise correction fac
tors are often used to estimate abimdance of gopher 
tortoises. A total of 2,496 (98.9%) of the gopher tortoises 
displaced from the construction corridor were cap
tured from burrows subjectively classified as active or 
inactive prior to examination with a remote video sys
tem. However, 28 (1.1%) gopher tortoises were dis
placed from burrows subjectively classified as 
abandoned. Burrow-to-tortoise correction factors var
ied over the project route but overall, 49% of the bur
rows subjectively classified as active or inactive were
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Table 1. Summary of gopher tortoises displaced and burrows cleared from the FGT Phase III construction corridor and
burrow-to-tortoise correction factors

County/
parish

Males Females Subadults^ Total
tortoises

Active/inactive
burrows

Correction
factor

Abandoned
burrows

LOUISIANA
Washington' 11 15 1 27 72 0.38 9

MISSISSIPPI
Forrest' 0 0 0 0 9 0.00 1
George' 1 2 0 3 6 0.50 2
Pearl River' 1 1 0 2 3 0.67 1
Perry' 16 11 9 36 57 0.63 6
Stone' 1 1 0 2 2 1.00 0

Subtotal 19 15 9 43 77 0.56 10

ALABAMA
Baldwin 2 1 0 3 6 0.50 1
Escambia 0 1 0 1 1 1.00 2
Mobile' 10 6 1 17 48 0.35 3

Subtotal 12 8 1 21 55 0.38 6

FLORIDA
Brevard 4 5 1 10 18 0.56 0
Calhoun 9 2 2 13 24 0.54 7
Citrus 124 149 298 571 1098 0.52 212
Gadsden 1 4 1 6 18 0.33 1
Gilchrist 33 35 61 129 321 0.40 54
Hernando 104 98 383 585 1267 0.46 152
Hillsborough 10 10 26 46 86 0.53 29
Holmes 1 0 0 1 3 0.33 1
Jefferson 8 2 8 18 33 0.55 12
Lafayette 46 45 37 128 246 0.52 55
Leon 36 18 26 80 183 0.44 49
Levy 48 61 80 189 343 0.55 48
Liberty 5 1 4 10 28 0.36 3
Madison 3 0 0 3 5 0.60 0
Okaloosa 3 4 4 11 18 0.61 7
Osceola 24 16 10 50 80 0.63 6
Pasco 70 86 163 319 642 0.50 53
Polk 3 5 9 17 35 0.49 7
Santa Rosa 6 0 2 8 16 0.50 4
St Lucie 2 1 0 3 11 0.27 0
Suwamiee 72 60 44 176 328 0.54 43
Taylor 8 8 6 22 38 0.58 4
Walton 4 6 7 17 41 0.41 13
Washington 10 7 4 21 40 0.53 23

Subtotal 634 623 1176 2433 4922 0.49 783

Total 676 661 1187 2524 5126 0.49 808

'Range of the federally threatened "western population" of the gopher tortoise. 
 ̂Includes juveniles and hatchlings.

occupied by a gopher tortoise (Table 1). The overall 
active/inactive burrow occupation rate was substan
tially less than the 61.4% correction factor typically 
used to estimate gopher tortoise abimdance (Auffen- 
berg and Franz 1982).

In general, displaced gopher tortoises did not at
tempt to reoccupy burrows in the construction corridor 
from which they were originally displaced. However, 
in areas of high gopher tortoise density both displaced

tortoises and tortoises from adjacent habitats fre
quently excavated new burrows in the construction 
corridor between the time the corridor was initially 
cleared of burrows and initiation of construction activi
ties. A total of 128 (5.1%) previously displaced gopher 
tortoises were recaptured from new burrows exca
vated within the construction corridor. Following in
itial grading operations, excavation of new burrows 
within the construction corridor was minimal.
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Displaced gopher tortoises as well as tortoises from 
adjacent habitats also occasionally became trapped in 
open trenches. A total of 26 gopher tortoises were re
moved from trenches during construction. In a few 
cases, gopher tortoises trapped in trenches attempted 
to excavate burrows within the trenches, making the 
tortoises difficult to identify. Gopher tortoises also occa
sionally attempted to excavate burrows in spoil piles 
adjacent to trenches. Gopher tortoises becoming 
trapped in open trenches and digging burrows in spoil 
piles were most problematic in areas where habitat adja
cent to the construction corridor was poor in quality.

Use of starter burrows and temporary perming of 
displaced gopher tortoises occurred only within the 
range of the threatened "western population" of the 
gopher tortoise. Most displaced gopher tortoises did 
not attempt to lengthen their starter burrows. All dis
placed gopher tortoises dispersed from their starter 
burrows within one to two days following removal of 
the enclosures. Radiotelemetric monitoring of move
ments of displaced gopher tortoises (Wester and Kolb, 
in prep) indicated that tortoises dispersed to existing 
burrows in habitats adjacent to the construction corri
dor and to other starter burrows located in the unim
pacted portions of FGT's existing right-of-way. By late 
summer 1994, most starter burrows were in use by 
displaced gopher tortoises or tortoises from adjacent 
habitats and had been lengthened substantially.

Injury and mortality of gopher tortoises during im

plementation of FGT's conservation plan was minimal. 
Fifteen (0.59%) gopher tortoises received minor injuries 
during backhoe excavation efforts. Ten (0.40%) gopher 
tortoises were killed or suffered injuries of sufficient 
severity to warrant euthanasia during backhoe excava
tion efforts. Nine (0.36%) gopher tortoise burrows col
lapsed during excavation and the resident tortoises 
could not be found; and, although the excavations were 
left open, no evidence of a gopher tortoise digging out 
were observed. Two (0.08%) gopher tortoises within 
the threatened range also died, presumably as a result 
of their being temporarily penned. One gopher tortoise 
was apparently poached from an enclosure and one 
tortoise apparently died from heat stress while pacing 
the periphery of the enclosure. Overall, 21 (0.83%) go
pher tortoises are thought to have died during dis
placement efforts. There was no evidence of any 
gopher tortoise injury or mortality during the construc
tion phase of the project.

Postconstruction gopher tortoise burrow surveys 
along 129 km (80 miles) of the Phase III route in eight 
Florida counties identified a total of 76 new burrows. If 
the burrow-to-tortoise correction factors determined 
by FGT for each county are used to estimate the num
bers of gopher tortoises present in these new burrows, 
the return rate of gopher tortoises to the Phase III 
construction corridor (new burrows x county correc
tion factor / number of tortoises initially displaced) 
ranges from 0 to 16.6% (Table 2).

Table 2. New gopher tortoise burrows and estimated rates of return of gopher tortoises to the construction corridor approximately six
months following construction of the FGT Phase III Expansion Project

County FGT Milepost Tortoises displaced Burrows cleared New burrows Correction factor % Est. return

Citrus 83.2-88.2 155 380 8 0.52 2.68
94.8-99.8 144 293 2 0.52 0.72

Gilchrist 14.5-19.5 43 142 1 0.40 0.93
25.4-30.4 32 81 0 0.40 0.00

Hernando 106.9-111.9 209 468 1 0.46 0.22
113.0-118.0 184 490 2 0.46 0.50

Lafayette 491.3-496.3 42 116 10 0.52 12.38
496.9-501.9 66 137 21 0.52 16.55

Leon 419.0M24.0 26 75 1 0.44 1.69
425.9-430.9 15 35 1 0.44 2.93

Levy 31.1-36.1 53 102 4 0.55 4.15
66.5-71.5 93 169 2 0.55 1.18

Pasco 121.0-126.0 183 438 4 0.50 1.09
126.0-131.0 76 136 0 0.50 0.00

Suwannee 501.9-506.9 90 172 19 0.54 11.40
0.0-5.0 35 85 0 0.54 0.00

Overall 1446 3319 76 0.49 2.58
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Table 3. Summary of vertebrate commensals displaced from 
gopher tortoise burrows within the FGT Phase III construction 

corridor

Amphibians
Tiger salamcurder 2
Other salamander (no ID) 1
Spadefoot toad 6
Greenhouse frog 67
Southern toad 59
Oak toad 3
Narrowmouth toad 12
Florida gopher frog 84
Other frog (no ID) 18

Birds
Burrowing owl 4

Mammals
Armadillo 8
Opossum 1
Cotton rat 2
Mouse (no ID) 42
Vole (no ID) 1
Pocket gopher 1
Eastern cottontail 5
Striped skunk 9
Gray fox litter
Bobcat 1

Reptiles
Anole (no ID) 3
Six-lined racerunner 10
Skink (no ID) 3
Slender glass lizard 1
Florida worm lizard 13
Eastern garter snake 1
Eastern ribbon snake 1
Eastern hognose snake 1
Black racer 3
Eastern coachwhip 20
Com snake 1
Florida pine snake 1
Eastern indigo snake 6
Short-tailed snake 1
Crowned snake 1
Scarlet kingsnake 2
East diamondback rattlesnake 2
Dusky pigmy rattlesnake 6
Eastern coral snake 1
Cooter (no ID) 1

Numerous vertebrate burrow commensals were ob
served in gopher tortoise burrows with remote video 
systems. In many cases it was possible to leave burrows 
with vertebrate commensals open until the commen
sals dispersed from the burrows. Unfortunately, this 
often meant that positive species identifications could 
not be made and that numbers of individuals could not 
always be determined. Similarly, many small, quick 
commensals such as lizards, mice, etc. escaped from 
gopher tortoise burrows during excavation and could

not always be positively identified or cormted. Overall, 
at least 450 vertebrate burrow commensals, of at least 
41 different species, were displaced from burrows 
within the Phase III construction corridor (Table 3).

DISCUSSION AND CONCLUSIONS

FGT's Phase III gopher tortoise conservation program 
was the largest gopher tortoise conservation effort ever 
undertaken. The results of FGT's efforts clearly indi
cate that with proper planning and implementation, 
natural gas pipeline construction can occur through 
areas occupied by gopher tortoises with only minimal 
adverse impacts. Temporary displacement of gopher 
tortoises resulted in a significantly lesser impact to the 
gopher tortoise and a significantly more cost-effective 
conservation effort than would have a program of off
site relocation. While temporary displacement of go
pher tortoises may not be feasible for most types of 
construction projects, it should be considered the pre
ferred alternative for pipeline and other uhlity rights- 
of-way that will recover and subsequently remain 
suitable for gopher tortoises following construction.

The results of FGT's radiofelemetry study of move
ments of displaced gopher torfoises (Wester and Kolb, 
in prep), recaptures of previously displaced tortoises 
within the construction corridor and return of tortoises 
to the Phase III construction corridor all indicate that 
gopher tortoises displaced prior to construction re
mained in the immediate vicinity of their capture. Lim
ited trapping of gopher tortoises on and immediately 
adjacent to the Phase III construction corridor (con
ducted in Leon Co., FL in association with a long-term 
study by FGT) approximately two years after construc
tion also indicates that displaced tortoises have likely 
not dispersed long distances from original locations. Of 
23 gopher tortoises captured over 18 km (11 miles) of 
the Phase III route in fall 1996, six (26%) were tortoises 
previously displaced from the construction corridor.

The value of holding displaced gopher tortoises in 
temporary enclosures within the species' threatened 
range was questionable and likely resulted in an un
necessary loss of two gopher tortoises. Given that go
pher tortoises along other portions of the Phase III 
route that were not held in temporary enclosures ap
parently remained in the immediate vicinity and could 
be easily recaptured if they excavated new burrows in 
the construction corridor, it is recommended that tem
porary enclosures not be used in future projects of this 
nature. Starter burrows were eventually used and 
lengthened by gopher tortoises after the temporary 
enclosures were removed and may be of value on fu
ture projects in areas where there are only minimal 
numbers of nearby inactive/abandoned burrows into 
which displaced tortoises can be released.

FGT's Phase III Expansion Project demonstrates that 
removal of gopher tortoises from a construction corri
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dor can be accomplished safely and efficiently. The 
greatest problem encountered during the project was 
the need to repeatedly resurvey and clear new burrows 
from the construction corridor between the time of 
initial clearing of burrows and the ultimate initiation of 
construction activities. Persormel responsible for dis
placing gopher tortoises were charged with clearing 
gopher tortoise burrows from the construction corridor 
as quickly as possible to avoid potentially impacting 
construction progress. However, overall, gopher tor
toise displacement activities were accomplished very 
efficiently; but, because of inevitable delays and sched
ule changes, construction efforts often did not reach 
areas cleared of burrows as planned. The repeated ef
forts required prior to construction in many areas 
added to the costs of implementing FGT's gopher tor
toise conservation plan and increased the numbers of 
gopher tortoises that were temporarily impacted by 
capture and handling activities. In future projects, 
every effort should be made to limit the time between 
gopher tortoise displacement and initiation of con
struction activities in a given area.
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Power Lines and Biodiversity in the
Coiombian Territory

Esteban Alvarez Davila

This paper presents a conceptual framework of the effects of high-voltage energy transmission lines 
on the biotic component of Colombia's terrestrial ecosystems. The discussion is illustrated with 
cases of ISA 's projects —  the company in charge of the largest part of the National Interconnected 
System (NIS) in Colombia. During the design and construction of the lines, the main impacts are 
caused by the removal of vegetation along the corridor and by the opening of roads for the 
transportation of material and labor. Because of the high diversity, endemism patterns and 
ecological deterioration of the Andean region, the greatest impact occurs precisely there where the 
largest part of the NIS infrastructure is concentrated. Additionally, the cutting of vegetation 
sometimes produces the fragmentation of remnants of original habitats, increasing the impact 
because of the degradation process generated in the ecosystem. A description of the environmental 
management model developed by ISA for the prevention and handling of such impacts is pre
sented, emphasizing the indispensability of an appropriate characterization of the biodiversity.

Keywords: Transmission line, rights-of-way, biodiversity, impact of high-voltage energy lines, 
environmental management, Colombia

INTRODUCTION

Located in the intertropical zone in the northernmost 
part of South America, Colombia has a surface equal to 
0 .8 % (approximately 1 . 2  million km^) of the land of the 
world, but contains a number of flora and fauna species 
representing 1 0 % of the total biodiversity of the planet 
(Hernandez et al. 1992). This fact places Colombia among 
the twelve countries with the highest biodiversity in the 
world. At the same time it gives the country an instru
ment of great relevance for its development policies con
sidering (a) the strategic importance that biodiversity is 
gaming worldwide (Folke, Maler, and Perrings 1992; 
Wilson 1988) including recognition of its importance 
by such international financial entities such as the 
World Bank (Dinerstein, Olson, and Graham 1995), and 
(b) that nearly 50% of its national territory is still covered 
by forest vegetation (Andrade 1992; Cantera 1993).

Nevertheless, the reports on deforestation rates in 
Colombia, reaching 0.6 million ha per year, give an 
immediate idea of the critical status of biodiversity, 
and of the speed at which biological extinction might 
be moving. It is estimated that only 5% of the North 
Andean forests are left (Henderson, Churchill, and

Luteyn 1991), and the fact that they are located in one 
of the least explored and most biologically important 
regions of the world (van Velzen 1991) makes the situ
ation more serious. Other Colombian regions of equal 
biological importance such as Choco and the Amazon are 
far from the critical status of the Andean region, but 
require prompt attention as well. A recent study in 
Latin America and the Caribbean (LAC) (Dinerstein, Ol
son, Graham et al. 1995) shows that most of the Colom
bian territory comprises areas with the highest degrees of 
priority, according to regional and world levels, for 
developing biodiversity conservation strategies.

Interconexion Electrica S.A. (ISA) is a government 
company in charge of planning, designing, building, 
operating, and maintaining the high voltage power 
lines (PTL) in Colombia. Today, the network comprises 
more than 14,000 km of lines (with an area of direct 
influence of 40,000 ha) which traverse regions of very 
high biodiversity with precarious conservation status. 
ISA started the environmental management in its line 
projects in 1985 (ISA 1994) making it the leader not only 
in Colombia but also in Latin America. However, the 
environmental management model has been constantly 
updated in accordance with the growing worldwide
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concern about environmental problems caused by de
velopment projects. Consequently, ISA has decided to 
implement an impact management policy appropriate 
to the new national and global scenario in which biodi
versity is emphasized, with the support of a series of 
national regulatory laws. This paper presents a concep
tual model of how ISA intends to mitigate the impacts 
caused by its projects on Colombian biodiversity.

CONCEPTUAL FRAME

General characteristics of the PTL system in 
Colombia
The Power Transmission Line network in Colombia 
has 14,471 km of high voltage lines (ISA 1994). The 
direct responsibility of ISA consists of 6,572 km of 230

and 500 kv power lines, twenty-two 230 kv substations, 
four 500 kv substations, and a 4,864 mv amperes 
(MVA) transformation capacity. The projects executed 
within the Expansion Plan until the year 2000 will 
increase the ISA network by 530 km of 500 kv lines and 
by 1,018 km of 230 kv lines. Transformation capacity 
will be augmented by 2400 MVA, and four 500 kv and 
59 230 kv substation modules (ISA 1996). A scheme of 
the interconnected Colombian system is shown in Fig. 
1, including the new projects of the Expansion Plan 
until the year 2 0 0 0 .

The construction of a power line requires the acqui
sition of the rights of way in a corridor approximately 
equal to the distance between the substations it is to 
connect, and of variable width depending on the power 
to be transmitted. The widths for the rights-of-way 
corridors used in Colombia for high voltage PTL are 20,

Fig. 1. Scheme of the National Interconnected System (NIS) in Colombia including the new projects of the Expansion Plan until
the year 2000. Source: ISA 1996.
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32 and 62 m for 115,230, and 500 kv lines, respectively. 
As a result, the high voltage power system in Colombia 
must have the rights of way in an approximate area of 
39,686 ha, throughout the country, but mainly in the 
Andean region and in the Atlantic coastal plain, where 
the main cities and major industrial centers are located.

Colombian biodiversity and conservation status
Colombia holds nearly 10% of the world's biota includ
ing 19% of birds and 17% bats (Hernandez et al. 1992). 
The flora of Colombia, Peru and Ecuador may repre
sent at least one-sixth of the total flowering plants in 
the world (NRC 1992). Recent research studies have 
established that the different types of forest ecosystems 
still existing in Colombia contain the highest plant species 
richness in plots of known area in the world. For example, 
the report of the highest density of vascular plants with a 
diameter equal or greater than 2.5 cm in two 0.1 ha plots 
is in Choco: 258 and 265 (Gentry 1993). For the Amazon 
382 and 329 species of terrestrial vascular plants between
0.5 and 3.0 m high (Alvarez, Londono, and CogoUo 1996) 
and greater than 0.5 m high (Duivenvoorden 1994), re
spectively, in 0.1 ha plots were recently reported. Addi
tionally, Henderson, Churchill and Luteyn (1991) 
estimated a density of one species per km  ̂for the north 
of the Andes as compared to one species for every 235 
km  ̂ for the Amazon, generally considered to be the 
region with the highest plant diversity m the world.

Colombian land ecosystems include a wide spec
trum of humidity and temperature gradients (Espinal 
and Montenegro 1963). Annual rainfall ranges from 0 
to 1 0 , 0 0 0  mm and elevation is from sea level to almost 
5,000 meters. A wide range of ecosystems is found

A. BIOLOGICAL DITINCllVENESS

along trophic gradients ranging from soils poor in nu
trients to some of the most fertile in all the intertropical 
zone (IGAC 1995). To summarize, 22 of the 37 tropical 
biotic zones are represented in Colombia. Three are 
also in the subtropical region (Hernandez 1992). This 
great diversity of environments and geologic position 
helps to explain the enormous biodiversity in the Co
lombian territory.

Dinerstein, Olson, Graham et al. (1995) have estab
lished a biological distinctiveness index for all the 
ecoregions of Latin America and the Caribbean, which 
shows the importance of biodiversity in Colombia (Fig. 
2A). The ecoregions were classified into different cate
gories of biological distinctiveness (global, regional, 
bioregional, and local) according to four fundamental 
criteria: (a) Species richness with emphasis on plant, 
mammal, bird, reptile, amphibian, and butterfly taxa; 
(b) endemisms based on these same taxa; (c) gamma 
and beta diversities and the complexity of endemism 
patterns, and (d) the occurrence of certain rare or 
unique ecological phenomena in terms of their struc
ture and dynamic properties. Although all ecoregions 
are different in biological terms, particularly in terms of 
species, some Colombian ecoregions are so rich and 
complex that they stand out from the rest. More than 
50% of the Colombian territory is classified as of global 
biological distinctiveness, due to the extraordinary lev
els reached (Fig. 2A). Thus, most of the country has a 
great richness of species, of en d em ism s, of diversity 
between ecosystems and regions, and of distinct eco
logical processes.

Besides species richness, there are other attributes in 
Colombian geography to be considered. Particularly in

B. CONSERVATION STATUS

9

Fig. 2. General characteristics of biodiversity in Colombia, showing (A) the outstanding areas at different levels, and (B) the 
current conservation status. Conventions according to Dinerstein, Olson, and Graham (1995). See also text.
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the Andes the combination of a complex topography 
and the climate, geology, and biogeographical history 
has contributed to the creation of an immense beta 
diversity (Gentry 1992; Hilty and Brown 1986; Ter- 
borgh and Winter 1983). Furthermore, despite their less 
complex environmental characteristics there is a high 
level of biotic endemism and of complex beta diversity 
patterns in both the Amazon and Choco (Andrade 
1995; Cuadros 1992; Duivenvoorden 1995; Gentry 1990; 
Gentry 1993; Londono and Alvarez 1997; Rangel and 
Lowy 1993; Ruiz, Hernandez and Ardila 1993; Stiles 
1993; Urrego 1994).

Colombia can be divided into three great regions 
based on its human occupation history, which consti
tute in a certain way a natural resources degradation 
gradient (Fig. 2B): (a) A region which includes the three 
mountain ranges with their inter-Andean valleys and 
the Atlantic coastal plain which conservation status is 
endangered or critical; (b) the piedmont of the eastern 
and western mountain ranges, including the Pacific 
coast corridor which conservation status is vulnerable; 
and (c) the Orinoquia and Amazon plains which con
servation status is relatively stable or intact. The areas 
in shown in Fig. 2B suggest that nearly 50% of the 
biological diversity in Colombia falls at least under the 
vulnerable condition, and that at least 25% under the 
critical or endangered condition. According to the 
authors, in this 25% — which includes the majority of 
the Colombian Andes with its inter-Andean valleys 
and the Atlantic coastal plain — are the remaining 
natural habitats that hold the greatest biological diver
sity of the zone and that could completely disappear 
during the next 15 years.

Impacts of the PTL on Biodiversity
The main effect on the biota of the different construc
tion, operation, and maintenance activities of a PTL is 
that produced by fundamentally one factor: the neces
sity of cutting the vegetation present in all the areas 
under its "direct" influence. This activity causes the 
direct destruction of plants and the destruction of habi
tats for fauna. The excavations required for the estab
lishment of towers and access roads cause the 
alteration of soils and the destabilization of access side 
slopes which increase the potential of the effect of cut
ting the vegetation. The accumulation of the effects 
caused along the line depend on the length of the 
corridor. For example, the total area affected in the 
construction of the San Carlos-San Marcos line corre
sponding to the Expansion Plan until the year 2000 
(Fig. 1) includes ca. 2,560 ha, without the access.

The problems caused to the biota by the cutting of 
vegetation, the alteration of soils, and the destabiliza
tion of side slopes is aggravated by the fact that in 
many cases they cause the fragmentation of forest rel
icts, which triggers a series of subsequent ecosystem 
degradation processes. Fragmentation causes great 
changes both in the physical environment and in the

biogeographical ambit (Saunders, Hobbs, and Mar- 
gules 1991) because it produces a mosaic of remnant 
vegetation patches which in turn influence the biota, 
altering its composition, structure, and original func
tion, depending on different variables (isolation time, 
distance from and connectivity with other fragments, 
and changes in the surrounding landscape). According 
to Solbrig (1992), the genetic and demographic conse
quences of fragmentation can be severe, and the natu
ral patterns of spatial and temporal variation within 
the species influence the degree of the impact; habitat 
fragmentation has serious effects on the genetic diver
sity levels of a species, and such effects can in turn 
affect the characteristics of its life history and prob
ability of extinction. Therefore, it is currently admitted 
that these consequences are critical for the different 
biodiversity components (Bierregaard, Lovejoy, 
Kapos, Santos, and Hutchings 1992; Murcia 1996; Rat
tan, Alvarez, and Giraldo 1994; Turner 1996). Unfortu
nately, concrete studies of the impact on the biota 
caused by the fragmentation by power lines are scarce, 
particularly for the tropical regions (Roselli and De la 
Zerda 1997). Besides, to the "natural" impacts frag
mentation has on the biota we have to add those caused 
by the intensification of human activities (use of fire
wood, selective logging, hunting) that are facilitated by 
the opening of the access and corridors within the 
forest relicts, further degrading the ecosystem.

Even though there is information about the general 
effects caused by fragmentation, those caused by 
power lines, especially in Colombia, have distinct char
acteristics. The PTL net in Colombia works in the most 
densely populated areas, mainly in the Andean region 
and the Atlantic coastal plain, some of the areas consid
ered of extreme priority for the development of conser
vation activities (Eig. 3) because of their distinct and 
critical biodiversity status. Due to their pre and post- 
Hispanic occupation history, the Andean and Atlantic 
coast regions in Colombia have become almost totally 
fragmented landscapes where very small areas of na
tive vegetation surrounded by an agrarian matrix of 
land or other land uses can be found.

The areas of native vegetation still found in the 
Andes owe their existence to the fact that they are 
located in the highest and most inaccessible parts of the 
landscape of river basins. The paradox the environ
mental managers of the PTL net in Colombia face is 
that these places are precisely the most appropriate 
ones for line transit. The construction of towers and 
required access generally takes place in the highest 
points of the areas through which the line goes, affect
ing the forest fragments that still exist and that consti
tute the last refuge for a great variety of animal and 
plant species.

Conservation biology has traditionally focused on 
protecting great areas of original habitats located far from 
human activity. However, such an approach is ques
tioned nowadays arguing that these areas can hardly
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Fig. 3. Conservation priorities of the area of influence of the 
interconnected system in Colombia. Level I: highest priority 
at regional scale; Level II: high priority at regional scale; Level 
III: moderate priority at regional scale. Adapted from ISA (1996) 

and Dinerstein, Olson, and Graham (1995).

Table 1. Expansion Plan projects for the FTL net until the year 
2000 and Colombian ecoregions of high priority for conservation 

(source: Dinerstein, Olson, and Graham (1995)

Power Lines Projects Ecoregion

Sochagota-Guatiguara

Ocana-Cesar

Sabanalarga-Fundacion

Guatape-Jaguas

San Carlos-San Marcos 
Betania-Mirolindo 
La Sierra-Doiia Juana

North Andean paramo and 
Magdalena Valley montane forests 
Eastern Mountain Range and 
relict forests alluvial plain of 
Magdalena Valley 
Dry and relict forests alluvial 
plain of Magdalena Valley 
Relicts of premontane forests in 
the Magdalena Valley 
Cauca Valley montane forests 
Magdalena Valley dry forests 
Wet and relict forests alluvial 
plain of the Magdalena Valley

represent by themselves the biotic diversity of an ex
tensive geographical area and that the persistence of 
small ecosystems fragments is fundamental and may be 
the only hope for the survival of a large number of species 
(Shafer 1995; Kattan and Alvarez 1996; Murcia 1995; 
Schelhas and Greenberg 1996). Many invertebrates.

plants, fungi, and small vertebrates can be effectively 
conserved within small blocks of original habitats and, 
at the same time, these fragments can act as a bridge for 
the movement and dispersion of species between big
ger fragments (Dinerstein, Olson, and Graham 1995). 
Their conservation is a valuable tool to preserve ele
ments of species and original communities, particu
larly in regions distinguished by high levels of beta 
diversity, like the Colombian Andes.

Unless adequate measures are taken, PTL projects 
can have serious implications for biodiversity, given 
the characteristics of the Expansion Plan of PTL in 
Colombia and the danger caused by the alteration of 
the habitat relicts in critical zones for biodiversity con
servation (Table 1). Lastly, it should be mentioned that 
fragmentation caused by power lines does not occur 
exclusively when vegetation needs to be cut through 
forest relicts. Even the crossing of the line along open 
zones such as grasslands, savannas, or wetlands causes 
a type of fragmentation because the lines themselves 
are a physical barrier for species of high mobility 
(mainly birds) causing collision danger (Roselli and De 
la Zerda 1997).

BIODIVERSITY STUDIES IN ISA PROJECTS

The environmental management model of PTL 
projects in ISA
The study and characterization of the impacts caused 
by power lines in Colombia is relatively recent. Envi
ronmental management of these projects started in 
1985 , but not until 1989 did impact studies begin to 
consider the socioeconomic component (ISA 1994). 
Since then, we have been making progress in the crea
tion of a management model that integrates all the 
aspects comprising the human medium and the natu
ral medium in their interaction with PTL (Angel, Car
mona, and Villegas 1996). Today, we understand that 
biodiversity protection is an essential aspect of sustain
able development, and that it requires an adequate 
understanding of social and ecological variables.

The environmental management of any develop
ment project should be made under the assumption 
that the best way of handling an impact is to avoid its 
occurrence. In the case of the impacts on biodiversity, 
the adoption of a series of strategies and appropriate 
programs for each of the technical phases of the pro
jects is required. The articulation of the different phases 
of a power transmission project and the necessary 
strategies to prevent or handle to the maximum possi
ble extent the impacts on the biotic medium are shown 
in Table 2. This approach has several analysis scales, 
from a regional level in the planning phase that in
cludes hundreds of km ,̂ to a local or punctual level in 
the construction phase at a m  ̂scale.

Impact assessment is a fundamental activity for en
vironmental management in development projects.
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T a b le  2. In te g r a tio n  o f  th e  te c h n ic a l cy c le  a n d  th e  m a n a g e m e n t o f  im p a c ts  o n  b io d iv e rs ity  in  C o lo m b ia  ( In te rc o n e x io n  E le c tr ic a  S .A .)

Stage Technical scope Environmental scope

Planning Determining necessary lines and substations to 
fulfill demand.

Analysis of restrictions: (a) biological reserves legally 
constituted by environmental authorities and those that 
are private areas or owned by non-governmental 
organizations; (b) wetland

Design Route alternatives assessment. Selection of definite 
route.

(a) Assessment of biodiversity conservation status in 
the different route alternatives as one of the selection 
criteria, (b) Detailed assessment of the biotic impacts on 
the selected corridor.

Preconstruction Processing of bids and contracts for equipment 
supply. Bids and contracts for civil works and 
supervision.

Creating and including an Environment Management 
Plan (EMP) regarding the impact on the biota in the bid 
specifications.

Construction Definite restatement and construction of the 
project works.

Executing the EMP with prevention, mitigation, and 
correction measures for the impacts on biota.

Operation Initiation of service and commercial operation. Monitoring and execution of operation EMP.

Dismantling Dismounting of structures and equipment. Final 
project evaluation.

EMP for dismantling. Follow-up to unsolved 
responsibilities.

ISAs environmental group has tried to approach the 
problem based on the concept of analytical dimension, 
seeking strategies for the diagnosis, identification and 
evaluation of impacts and the formulation of manage
ment measures. The method intends to integrate the 
different topics and environmental components in the 
analysis, and defines "dimensions" as the set of physi
cal, biotic, cultural, and political components of the 
environment and the interrelationships between them 
(Angel, Carmona, and Villegas 1996). The simplified 
impact assessment model is illustrated in the following 
diagram:

BIODIVERSITY
CHARACTERIZATION 1

IMPACT ASSESSMENT MANAGEMENT
PLAN

The perfecting of this general model has meant sig
nificant progress in impact assessment if we compare 
recent studies with those of only a few years ago. There is 
still a great weakness in important aspects, such as the 
low quality of the basic information used for quantifying 
the impacts on biodiversity. Nevertheless, it is impor
tant to highlight that the adequate characterization of 
diversity is a problem being discussed in both aca
demic and scientific society (Magurran 1988), and not 
only for ISA studies or the electric sector in Colombia. 
In our case, though, the problem is so critical that ISA 
have no two consultants using similar methodologies, 
or even one implementing an acceptable methodology 
from a scientific perspective. Basic information in the

majority of the cases is a list of species, often based on 
secondary information, or imprecise vegetation maps. 
Also, the lack of good basic information can be one of 
the reasons why the concept of analytical dimension is 
seldom implemented successfully in environmental 
impact studies, although it corresponds to the current 
approach to the biodiversity conservation problem 
throughout the world.

Characterization of biodiversity
We are currently working on a standardized method
ology for the characterization of biodiversity with sci
entific quality approved by the different institutions 
interested in the conservation and management of the 
environment in Colombia and the rest of the world. 
The first step is to combine the definition for biodiver
sity accepted at present (Halffter and Ezcurra 1992; 
Kikawa 1990; Noss 1990; Solbrig 1992) with the assess
ment techniques developed by landscape ecology 
(Jongman, ter Braak, and van Tongeren 1987) (which 
involve the physical dimension) and conservation biol
ogy (Dinerstein, Olson, and Graham 1995) (which in
volve the social dimension), and adapt them to the use 
of modern tools such as remote sensors and geographi
cal information systems (Cadena, Calinao, and Torres 
1977). The conceptual model of biodiversity charac
terization, in which the above mentioned aspects are 
involved, is shown in Fig. 4.

The next step is to clearly define the scope and objec
tives of the characterization, as a detailed biodiversity 
inventory would be beyond the resources available for 
environmental management in the ISA projects. The 
same phases of the development of a power transmis-
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BIODIVERSITY
COMPONENTS
(population, community 
and ecosystem levels)

KNOWLEDGE RESULT ENVIRONMENTAL PRODUCT
BtofWRai'rY

IMPS

Fig. 4. Conceptual model for biodiversity evaluation for the ISA projects in Colombia.

sion project (Table 2 ) are a guide on how to proceed 
from "top to bottom" (Noss 1990), starting from a 
wide-scale inventory of the environmental restrictions 
in the planning stage, continuing with a lower-scale 
inventory of landscape patterns, vegetation, and habi
tat structure during the assessment of route alterna
tives (Dinerstein, Olson, and Graham 1995) and a 
fine-scale inventory of the selected route comple
mented with field sampling in plots for the study of 
areas previously selected according to their conserva
tion status. To summarize, two levels of biodiversity 
characterization can be defined; the first, to a regional 
level, belongs to the so-called Environmental Analysis 
of Alternatives (EAA) and the second, to a local level, 
belongs to the Environmental Impact Assessment (An
gel, Carmona, and Villegas 1996). The main difference 
is in their scope and detail. The first is undertaken at an 
early stage during the selection of project alternative, 
whereas the second is undertaken as a previous re
quirement for the initiation of the selected alternative 
(Table 3).

Eield sampling is another issue in biodiversity stud
ies, but the evidence that comparison of variables such 
as species richness must be done with data referring to 
equal units in size and shape, and identical minimal 
size limits and growing habits of the individuals and 
similar sampling efforts (UNESCO et al. 1982; Koming, 
Thomsen, and Ollgaard 1991; Magurran 1988) indicates 
that the methods more commonly reported should be 
followed (e.g.. Gentry 1988 for vascular plants) along 
with the recent manuals for quick ecological assess
ments (Sobrevila and Bath 1992). Additionally, the Bio-

Table 3. Biodiversity characterization levels in the environ
mental management of electric energy transmission projects 

in ISA, Colombia

Alternative analysis (EAA) Impact assessment (EIA)

1. Interpretation with 1.
remote sensors and GIS. 
Field inspections without 
inventories. Assessment
of conservation status of 
the corridor.

2. Emphasis on secondary 2.
information and expert 
opinions.

3. Emphasis on institutions 3.
on the regional 
importance of relicts, and 
presence of threats.

4. Establishes impacts in a 4.
preliminary way with 
indicators.

Inventories in plots in 
places considered 
important. Refining of 
biodiversity conservation 
status. Selection of areas 
for further monitoring.

Emphasis on primary 
information and expert 
opinions.

Assessment of the 
importance of relicts with 
local communities. Local 
threats

Establishes impacts in a 
detailed way.

diversity Institute Alexander von Humboldt of the Co
lombian Ministry of the Environment is also working 
on the creation of a standardized methodology for bio
diversity inventory, and we expect to be able to adapt 
it to our work.

We have progressed by parts, calibrating the possi
ble intensity and types of the sampling. We initially



350 E. Alvarez Davila

demanded from consultants the execution of several 
detailed inventories of floristic diversity (using Gen
try's methodology) in remnant blocks of original habi
tats, especially in the Magdalena Valley projects. This 
has provided us with relevant information on diversity 
and conservation status of some premontane frag
ments of original habitats on both watersheds of the 
mid-Magdalena valley, in the counterfort of the Occi
dental mountain range and the alluvial plains of the 
low-Magdalena. Additionally, we have been involving 
landscape ecology criteria through a proposal made by 
one of our consultants (Ecorestaurar 1996) who devel
oped a methodology for the study of succession dy
namics for ecological restoration, which we 
implemented in three of our projects.

Because of this "methodological exploring" we now 
know a good biodiversity characterization does not 
require significantly greater time and resources than 
those used in previous studies, and that the causes of 
the poor quality of the basic information is more related 
to planning and lack of training of the professionals re
sponsible for the studies. We have a posihve attitude 
towards these two problems and expect them to be 
solved in the short term. One of the alternatives we 
have is to establish agreements with institutions (uni
versities, botanical gardens, and non-govemmental or
ganizations) who have had experience in biodiversity 
studies so they can offer their services, including train
ing of personnel, to the big consulting firms.

We are currently engaged in a program of environ
mental research within the Development Plan for the 
next five years (ISA 1996) with the purpose of refining 
our environmental management model. There is a 
study in progress to develop a methodology for the 
characterization and management of impacts caused 
by our transmission lines on birds in Colombia (Roselli 
and De la Zerda 1997). Two research studies will be 
starting in 1997; one on the effect of fragmentation on 
floristic diversity (Mosquera 1996), and the other on the 
assessment of secondary succession patterns (Velez 
and Jimenez 1996), in the moist forest of the base of the 
Abibe Serrania in the Colombian northwest. Also, in 
the first semester of 1997, a contract will be given for 
the study of the adjustment of the methodology created 
by Dinerstein, Olson and Graham (1995) for the World 
Wildlife Fund and the World Bank on the assessment 
of biodiversity conservation status, to the study of 
route alternatives and environmental impacts in the 
selected route.

The use of information
Above all, it is necessary to clarify our assumption that 
the information produced in biodiversity studies should 
be as useful as possible for the environmental manage
ment of our transmission projects. A good biodiversity 
characterization is important because it leads to the refin
ing of the Environmental Management Plan (EMP), con
sidered to be the main instrument for environmental

management. The EMP assembles the criteria, strate
gies, management, and programs necessary to prevent, 
mitigate, and compensate the negative impacts and 
increase the potential of the positive ones. Some of the 
applications of the information on biodiversity of the 
influenced areas in the EMP measures are described as 
follows:

Prevention
The biodiversity inventory of the project zone is used 
in the making of susceptibility maps and the marking 
of places with restrichons to the crossing of lines, both in 
terms of EAA (Environmental Altemahves Analysis) and 
of EIA (Environmental Impact Assessment). In our par
ticular case, we have been able to use this informahon to 
suggest modificahons to the final drawing of the route in 
order to avoid the interruption of original habitats in 
several projects (Guatape-Jaguas, La Sierra-Dona 
Juana, San Carlos-San Marcos, among others). An in
teresting case showing the importance of involving the 
social component in the assessment of the biodiversity 
status is that of the San Carlos-Sabanalarga project 
where a deviation of the line was made at the direct 
request of the community to avoid the passing through 
a relict forest they intended to conserve (ISA 1994).

Mitigation.
Since trees may interfere with the line's operation, main
tenance people periodically cut the vegetation level with 
the ground, increasing the potential of fragmentation 
problems. By knowing the characteristics of short local or 
regional species, the plant succession in the corridor can 
be manipulated by planting species that will avoid the 
growing of trees, and at the same time provide cover 
and food to the fauna moving between fragments. This 
same information is useful in the environmental resto
ration of zones altered or destabilized by the construc
tion of towers or roads. Environmental restoration 
works have been made in the line passing through the 
dry forests in the Magdalena Valley, and the Cerroma- 
toso-Uraba line in the Paramillo natural park.

Compensation
ISA has a reforestation program it offers the commu
nity as a compensation for the effects on vegetation in 
their territory. We are now working on diversifying the 
program to include support to local and regional con
servation projects. The information obtained in the as
sessment of the biodiversity status is helpful in 
identifying suitable areas for these projects and formu
lating recommendations. It also identifies areas for en
vironmental restoration projects. The publication of the 
results of these studies in scientific articles or educa
tional booklets increases the scope of the environ
mental management. Databases and flora and fauna 
collections contribute to the national biodiversity in
ventory. We are currently preparing a publication of 
the flora inventories of the Magdalena Valley.



Power lines and biodiversity in the Colombian Territory 351

CONCLUSIONS

The technical requirements and the activities related to 
the construction, maintenance, and operation of high 
voltage power lines in Colombia generate impacts on 
biodiversity, and the fact that the majority of the infra
structure for the National Interconnected System (NIS) 
is located in the Andean region and the Atlantic coastal 
plain makes the situation more complicated. Both re
gions, but mainly the Andean, have some of the highest 
levels of biodiversity in all hierarchy scales (alpha, 
beta, gamma) in the world, and at the same time they 
are considered to be of high priority in terms of devel
oping conservation plans. Realizing this situation, ISA, 
who is responsible for the greatest part of the NIS in 
Colombia, has adopted environmental policies in ac
cordance with the philosophy of sustainable develop
ment, and works with an environmental management 
model which is appropriate for the prevention, mitiga
tion, and compensation of the impacts.

An adequate biodiversity characterization in the ar
eas under the influence of its projects is one of the 
important basis for the treatment of four fundamental 
aspects of its environmental management: (a) the proc
ess of assessment of alternative routes; (b) the making 
of susceptibility maps which contribute to the use of 
the prevention principle in the design of the final corri
dors for lines; (c) a more precise quantification of pim- 
tual impacts and, therefore, better corrective or 
mitigation measures for the impacts; and (d) inter-in
stitutional relationships that would allow environ
mental management to go beyond the project limits 
and be useful for the national biodiversity inventory.
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Mulching Wetlands after Pipeline 
Construction: Effects on Plant Diversity and

Density

Timothy L. Andersen and Gayle M. Konik

Wetland vegetation recovery following ground disturbance associated with construction along a 
corridor is generally not well understood. Land management agencies and project sponsors share 
the objective to quickly and effectively reestablish stable vegetation to control erosion. Mulch is 
commonly used to promote rapid plant growth by retaining soil moisture and reducing erosion in 
upland areas. The benefits of mulch application are less clear in wetlands. Land management 
agencies overseeing a pipeline construction project in southeastern Michigan wished to determine 
the benefits or disadvantages of mulching wetlands. This report compares post-construction 
vegetative recovery of wetlands mulched with straw with wetlands not receiving mulch, as 
measured by plant diversity (number of plant species per test plot) and density (number of 
specimens per test plot). Measurements were taken two, nine and eleven months after the comple
tion of construction restoration. Factors influencing recovery rate were location of study wetlands, 
local conditions and susceptibility of study wetlands to invasion by exotic or opportunistic species. 
Study results yielded conflicting trends. Wetlands receiving mulch treatment did not overall 
appear significantly different from reference wetlands. Location of wetlands (i.e., proximity to 
drains, forests, etc.), seasonal factors (including precipitation and tem perature) and topo
graphic features seem  to greatly overshadow any effect of m ulch application to w etlands on 
plant density and diversity as measured in this study. Longer term exam inations (m ultiple 
grow ing seasons) are needed to establish the effectiveness of m ulch application to wetlands 
following pipeline construction.

Keywords: Wetlands, pipeline construction impacts, mulch, plant diversity and density, variability, 
local conditions, revegetation

BACKGROUND

A 36-inch diameter underground natural gas pipeline 
was constructed in southern Michigan between July 
and November 1993. The project sponsor. Great Lakes 
Gas Transmission Company (Great Lakes), sought per
mits and approvals from the Federal Energy Regula
tory Commission (FERC) and other agencies including 
the Michigan Department of Natural Resources (DNR) 
to construct the new pipeline facilities.

The DNR permits required Great Lakes to apply 
mulch during restoration in wetlands affected by the 
project. However, EERC does not permit the use of 
mulch in wetlands. FERC and the DNR reached an 
agreement requiring Great Lakes to establish an ex

perimental program lasting one year that was designed 
to study the benefits and/or disadvantages of using 
mulch during the restoration of wetlands.

STUDY BASIS AND SITE SELECTION

Great Lakes' pipeline expansion project was con
structed in southeastern Michigan from July to No
vember 1993. The pipeline project was constructed in 
two segments. The north segment contains 11 wetlands 
and the south loop contains 1 0  wetlands that were 
affected by construction of the new project. The wet
lands were delineated to determine the wetland-up
land bovmdaries. Twelve wetlands were selected for
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Table 1. Plants commonly found in the study wetlands

Acer spp. Lollium spp.
Alisma spp. Mimulus spp.
Apia spp. Panicum spp.
Aster spp. Penthorum spp.
Betula spp. Phalarus spp.
Car ex spp. Phragmites spp.
Cirsium spp. Plantago spp.
Cyperus spp. Poa spp.
Digitaria spp. Polygonum spp.
Eleocharis spp. Populus spp.
Elytrigia spp. Scirpus spp.
Epilobium spp. Slum spp.
Equisetum spp. Solidago spp.
Fragaria spp. Typha spp.
Juncus spp. Verontea spp.

this study, based primarily on accessibility for field 
observations. Wetlands were also selected for this 
study based on similarity of size, and type of function 
and structure. Wetlands in this study contained similar 
assemblages of plant species (Table 1).

Wetland construction activity involved mechanical 
clearing to ground level of virtually all vegetation on 
the construction right-of-way. During trench excava
tion, topsoil from the area directly over the trench was 
segregated from the subsoil and stockpiled. After in
stallation of the pipeline, the topsoil was returned to its 
original horizon and the wetlands were restored to 
pre-construction contours. No foreign fill was im
ported into the wetlands. Wetlands that were not satu
rated were seeded either by tractor or by hand with

annual rye seed as a temporary cover. Seed was ap
plied at a uniform rate of 40 pounds per acre. Mulch 
was applied in September 1993 at a rate between 0.5 
and 1 . 0  tons per acre in study wetlands to be mulched. 
Straw mulch free of weed seed was applied by hand or 
mulch blower and, if necessary, anchored. Mechanical 
anchoring consisted of a crimping tool used in wet
lands where mulch was susceptible to removal by 
wind at the time of application. Mechanical crimping 
was not conducted if soil conditions did not allow 
access of equipment.

METHODOLOGY 

Study design
The study was designed to allow a statistical compari
son of areas treated with mulch (treatment areas) and 
unmulched areas (reference). The study includes two 
designs (Fig. 1); one treatment regime allows the ex
amination of mulching effects between wetlands (full 
design) with the entire wetland receiving either no 
mulch (reference) or straw mulch (treatment). Four 
wetlands in the full design were completely mulched 
and four wetlands served as reference. The second 
design examines the effect of mulching within wetlands 
(split design). Each wetland in this design was split in 
half with one half receiving no mulch (reference) and 
the other half receiving straw mulch (treatment).

In both the full and split designs, effects were deter
mined by measuring a variety of parameters (i.e. species 
diversity, frequency and percent cover of vascular plant 
species) observed within each test plot and comparing
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Fig. 1. Wetland sampling schematic.
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the measurements between the treatment and refer
ence. The presence of exotic and nuisance species were 
recorded because mulch is a potential seed source for 
undesirable plant species.

In the split wetland design, straw mulch was ap
plied to one half of the entire construction right-of- 
way, as indicated in Fig. 1. The unmulched portion of 
the wetland served as a reference.

In the full wetland design, straw mulch was applied 
to four wetlands for their entire length within the con
struction right-of-way, as indicated in Fig. 1.

Data collection
In the full wetland design, three control points were 
established on a line located directly over the new 
pipeline: two 25% from either boimdary of the wet
land, and one at the mid-point of the wetland (Fig. 1). 
A half-meter-square (50x50 cm) test plot was estab
lished on a line perpendicular to the pipeline at each of 
the control points. A random number table was used to 
determine the distances between the control points and 
the test plots. Test plots were placed north of the con
trol point for even-numbered distances, and south of 
the control point for odd-numbered distances. The lo
cations of the test plots were determined in the same 
manner as described above for the split wetland de
sign, except that six plots were established instead of 
three (Fig. 1). The plots were staked so subsequent 
observations could be taken at the same locations.

Three sampling events were undertaken during the 
course of this study. The first event occurred in No
vember 1993, approximately two months after restora
tion was completed for the pipeline project. The second 
sampling event was conducted in June 1994. The third 
sampling event occurred in September 1994.

During each sampling event and within each test plot, 
one measurement was taken for each of the following:
1 . species diversity — number of species per plot,
2 . species density (frequency) — number of specimens 

per species,
3 . plant density — estimate of percent cover of vascu

lar plants.
Additional information recorded during data collec

tion included weather conditions, observations of local 
hydrologic conditions, presence of noxious or exotic spe
cies near or within test plots, and evidence of disease or 
infestation affecting the wetland plant community.

RESULTS 

Fall 1993
Four of the twelve wetlands in the study exhibited new 
plant growth primarily composed of annual ryegrass 
planted during project restoration. The eight wetlands 
that did not show plant growth had standing water 
present that completely covered the test plot sites. In 
four of the eight wetlands with standing water, new

test plots were selected using the site selection method 
described above such that plots could be established in 
areas not covered with water. Subsequent sampling 
events occurred within the reselected sampling plots.

One wetland appeared to have an upland seed mix 
sown in addition to the annual ryegrass prescribed for 
the wetland, although records of seeding do not sup
port this observation. Definitive plant species identifi
cation was difficult because the vast majority of 
specimens were less than two months old and had 
germinated late in a cold, wet growing season. No 
evidence of disease or infestation by noxious or exotic

Table 2. Summary statistics

Frequency 
(no. plants)

Percent
cover

Diversity 
(no. species)

Fall 1993 data 
Mean
Full design -  mulched 29.8 20.7 1.3
Full design -  unmulched 35.5 11.0 1.3
Split design -  mulched 20.0 3.0 1.1
Split design -  unmulched 20.3 8.3 1.3

Standard deviation
Full design -  mulched 25.8 30.4 0.4
Full design -  unmulched 18.4 14.8 0.8
Split design -  mulched 16.5 0 0.2
Split design -  unmulched 4.9 6.5 0.2

Summer 1994 data 
Mean
Full design -  mulched TNTC^ 20.7 1.7
Full design -  unmulched 12.9 23.6 2.6
Split design -  mulched 7.9 9.3 2.1
Split design -  unmulched 14.9 20.0 2.3

Standard deviation
Full design -  mulched n/a^ 28.8 1.5
Full design -  unmulched 10.2 26.7 1.2
Split design -  mulched 7.9 10.3 1.9
Split design -  unmulched 27.2 27.1 2.1

Fall 1994 data 
Mean
Full design -  mulched 14.4 48.0 3.0
Full design -  unmulched 20.3 50.8 4.5
Split design -  mulched 22.5 63.8 4.0
Split design -  unmulched 13.3 61.3 3.8

Standard deviation
Full design -  mulched 13.9 44.5 2.5
Full design -  unmulched 12.5 31.4 2.5
Split design -  mulched 16.8 32.1 2.6
Split design -  unmulched 10.8 26.2 2.9

ITNTC = too numerous to count, n/a = not applicable.
Mean values and standard deviations were calculated based on 
measurements taken from three plots per wetland. Eight wet
lands (four reference, four treatments) were included in the full 
design and four wetlands (each with half as reference and half 
receiving treatment) were included in the split design.
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plant species was observed during the sampling event.
The sample means and standard deviations were 

highly variable, precluding a meaningful use of compara
tive statistical analysis of data collected during this sam
pling event (Table 2). No further statistical analysis was 
employed; no conclusions were drawn from the data.

Summer 1994
Water levels in the study wetlands had remained rela
tively high since the fall 1993 sampling event. Due to 
abundant precipitation, all wetlands in the study had 
areas of standing water. The hydrologic conditions of 
the test plots ranged from somewhat saturated to com
pletely inundated. One wetland was not sampled be
cause turbid water prevented direct observation of the 
presence of plants in the test plots.

Plant growth in the wetlands seemed generally poor 
compared to nearby upland areas recovering from 
pipeline construction. As in the first sampling event, 
disease was not evident. Three of the wetlands had 
exotic species {Phalaris spp., Phragmites australis, Voss 
1972,1985) growing near the right-of-way. Many of the 
plants observed in the wetlands were immature. These 
immature plants appeared incapable of producing 
seed stock during the 1994 growing season. Some vege
tation apparently had established from root stock left 
intact during construction, however, this type of vege
tation did not account for a significant portion of the 
vegetative cover.

Statistical analysis of the measured parameters did 
not reveal a significant difference between the mulched 
and unmulched wetlands in either the full or split 
wetland design. Sample means were moderately vari
able, reducmg the reliability of statistical comparison 
(Table 2). Analysis of variance (ANOVA) comparisons

(Snedecor and Cochran 1980, Sokal and Rohlf 1981) did 
not reveal a statistically significant difference between 
the mulched mean values and the unmulched mean 
values. Statistically significant differences between 
means measured between wetland halves in the split 
plot design were revealed but the significance of this 
difference is not related to the presence or absence of 
mulch within the plots (Table 3). The study wetlands 
were Inherently patchy with regard to moisture, soil 
conditions, etc.

Fall 1994
Excess surface water appeared to affect plant growth 
within the study wetlands, consistent with previous 
sampling event observations. One wetland was com
pletely inundated with water and was not sampled.

Plant abundance was greater than observed during 
the previous two sampling events. For all of the pa
rameters measured in both the full and split mulch 
design, the mean values were greater than the previous 
sampling event, especially means for plant cover (den
sity) and species density (frequency). No evidence of 
disease was observed. One wetland appeared to be in 
the early stages of invasion from Phragmites australis.

Analysis of the data indicated a general trend to
ward uniformity of variances for the means of each 
parameter (Table 2). ANOVA comparisons of the 
mulched and unmulched mean values revealed statis
tically significant differences between means for spe
cies diversity in the full wetland design and between 
means for density in the split wetland design (Table 3). 
Diversity appeared to be inhibited by the presence of 
mulch in the full mulch wetlands compared to unmul
ched diversity values. The presence of mulch appeared 
to stimulate the density of plants iir the split wetland

Table 3. Summary of ANOVA results -  significant difference between means'

Parameter Full wetland design Split wetland design

Treatment Location^ Treatment Location^

Fall 1993 Highly variable standard deviations precluded meaningful statistical analysis

Summer 1994 
No. of plants 
Percent cover 
No. of species

no difference 
no difference 
no difference

no difference 
no difference 
no difference

no difference 
no difference 
no difference

sig. difference 
sig. difference 
sig. difference

Fall 1994 
No. of plants 
Percent cover 
No. of species

no difference 
no difference 
inhibition

sig. difference 
sig. difference 
sig. difference

stimulation 
no difference 
no difference

sig. difference 
sig. difference 
sig. difference

'Significant difference between means defined at p < 0.1.
‘Difference between means: Treatment = significant difference between mulch and no mulch. Inhibition = value lower in mulch plot. 
Stimulation = value higher in mulch plot. Location = significant portion of variance ascribed to patchiness of wetland.
În the split wetland design, difference between treatment means was not significant but variance between wetland halves accounted 

for a significant portion of fhe tofal variance.
As in Table 2, mean values and standard deviations were calculated based on measurements taken from 3 plots per wetland.
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design. In the split wetland design there were statisti
cally significant differences in all measured parameters 
based upon location. As with the Summer 1994 obser
vations, the study wetlands were patchy which had a 
significant influence on the measured parameters in 
the full wetland design. In every parameter measured, 
patchiness contributed to some of the difference be
tween mulch and unmulch values.

DISCUSSION

The highly variable nature of the data from the first 
sampling event does not lead to a statistically signifi
cant conclusion regarding the effect of mulch applica
tion in wetlands. The variability of the data is likely due 
to several reasons. Chief among them is the relatively 
short period of time from restoration to the sampling 
events. Recovery of wetlands takes several growing 
seasons before diversity of plant species and coverage 
approaches that of undisturbed wetlands. Also, newly 
emerging wetland plant communities are inherently 
patchy. Until the disturbed wetlands stabilize, diver
sity and frequency of plant species are likely to be 
highly variable and less than that of stable, undis
turbed wetlands.

General observations of the study wetlands indi
cated varying degrees of recovery of wetland function 
and structure. A wet winter, spring and summer fol
lowing seeding and mulching left most of the study 
wetlands inundated with open water. Recovery of 
plant communities from construction-related distur
bance is slower in open water systems. Poor growth 
observed during both sampling events may be attribut
able to:
-  High water levels delaying or preventing seed ger

mination, causing reduced growth in the wetland
plants.

-  Postconstruction soil conditions that are not condu
cive to annual plant growth and seed production.
As the study wetlands began to recover from distur

bance, variation of the measured parameters became 
less. Influences such as the presence or absence of 
mulch, and wetland patchiness (which includes factors 
such as topography, microclimatic and biotic ameliora
tion, soil types, available light, etc.) can be addressed 
through statistical analysis. The trend of wetland loca
tion contributing to the differences of the measured 
parameters became more pronounced as the growing 
season progressed.

When the effects of wetland patchiness are consid
ered, the effects of mulching wetlands as measured by 
plant diversity and density yield unclear results. Plant 
diversity was inhibited by the presence of mulch in the 
full wetland design while plant density was stimulated 
by the presence of mulch in the split wetland design. 
These results were observed only during the last round 
of sampling. Even though the relative inhibition of

diversity and stimulation of density was observed only 
during the last sampling event, the overall trend indi
cates that wetlands are affected to a greater extent by 
their variability and their ability to recovery from dis
turbance rather than the application of mulch.
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Fragmentation and Road-Infrastructure in 
The Netheriands: From History to Future

G.J. (Hans) Bekker

In the highly populated Netherlands, intensive landuse and a huge road network have resulted in 
a highly fragmented landscape. The impact on several fauna species is great. In the 1970s, action 
groups began to ask for attention to be given to the problem of fragmentation by infrastructure. 
The first measures taken along motorways were for the badger M eles m eles, an endangered species 
in the Netherlands. Much has been learned during this period about the process, the technical and 
ecological possibilities, and the approach to defragmentation in the Netherlands. The experiences 
are used in policy, research items and a wide variety of measures. Some of these learning points are 
described in this paper. The process included much discussion and it appears that people from 
different disciplines need each other. Communication between and information to all participants 
of the process are vital. Various authorities have translated the experience into objectives and 
programmes. The policy now in the Ministry for Transport, Public Works and Water Management 
is to avoid from the start any new fragmentation. Where avoidance is impossible the damage by 
fragmentation should be mitigated, and when mitigation is not enough, the loss of nature must be 
compensated. A range of measures has been implemented: simple pipes, redesigned culverts, 
ecoducts and so named walls of tree-stumps as a modification to existing constructions beneficial 
to animals. Some measures became a standard feature in the design of new roads, while special 
projects were set up to equip existing roads with these facilities for all kinds of species. At the 
moment there is a plan until 2002 to avoid problems and to solve the main problem points caused 
by existing roads. Research is necessary to realize these measures. Research concerning the impact 
of roads and traffic on all kinds of species is needed to predict the effects in EIAs and to translate 
the ecological knowledge into methods and measures. It is a fact that most of these measures are 
used by animals; tracks have been seen on sand beds. The effectiveness of measures on the 
development of populations of target species around a new highway is unsure. It is obvious that 
an evaluation of the policy must also be carried out.

K eyw ords: Habitat fragmentation, mitigation, compensation, badger pipes, ecoducts, road infra
structure

INTRODUCTION

This paper describes how Rijkswaterstaat (the depart
ment responsible for motorways within the Ministry of 
Transport, Public Works and Water Management) 
learned to counteract the problem of fragmentation 
caused by infrastructure and what needs attention.

In the Netherlands, nature is becoming less varied 
through all kinds of human activities. Fragmentation is 
one of the causes. As well as the large scale and inten
sification of agriculture, expanding villages and indus
trial area's roads and canals fragment nature.

The total length of the motorway network between 
1950 and 1990 has increased from less than 100 km to 
2 1 0 0  km and, on some stretches, more than 1 0 0 , 0 0 0  

vehicles travel daily. The average distance people 
travel by car per annum has also increased dramati
cally (see Table 1).

Fragmentation is the overall impact of infrastructure 
on nature. It subdivides ecosystems and habitats for 
plant and animal populations into smaller, isolated 
patches. Certain species can no longer survive on such 
small pieces of habitat.

Fragmentation has four types of impact:
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Table 1. Average distance people travel by car per annum

Year km

1920 75
1950 500
1980 7500
1993 9500

1 . habitat destruction by the physical presence of the 
motorway;

2 . disturbance of habitats;
3. insurmountable barriers for many animals of vari

ous species;
4. wounding and killing of animals by road traffic. 

These impacts cause degradation and loss of habitat,
disintegration of habitats into smaller and separated 
areas, and loss of individuals of species. To reduce this 
damage restoration of safe faunal movements from one 
patch to another is very important (Verkaar and Bekker 
1991). Migration, as all movements from one spatial 
unit to another, is the key to the use of the area (daily 
or yearly) and for recolonization after local extinction.

HISTORY

The Dutch history of defragmentation measures has a 
strong connection with the attention given to the badger 
Mdes meles (Bekker and Canters 1997). The badger is an 
endangered species in the Netherlands and has been 
protected by law since 1947. Its decline in this century 
is enormous, declining to approximately 1 , 2 0 0  indi
viduals around 1980. Some 20-25% of the total popula
tion died annually as road victims. This steep decline 
in the 1960s and 1970s made protection necessary. The 
first steps to prevent badgers being killed when they 
cross the road led to the current approach of defrag
mentation using badger pipes. This process was one of 
trial and error, but the approach now, related to all 
kinds of species, is based on this 2 0 -year experience.

Up to 1975
The first badger tunnel was built: a concrete pipe 0.80 
m in diameter, under a new road, no associated fence 
erected, many questions.

1976-1980
Another four badger tunnels built: concrete 0.80 x 1.20 
m under a new motorway, fenced but unsatisfactory. 
Much heated discussion whether these tunnels should 
have been built and whose responsibility it was.

1981-1985
Five badger tunnels built: concrete pipes 0.30 m and
0.50 m in diameter under a new motorway. The discus
sion focused on design, dimensions, costs, place and

responsibility. The fencing was better, reinforced gal
vanized, spot-welded Casanet-Netting. Engineers and 
policy makers start to ask about the use of the measures 
and became interested in this topic. During this period 
the first tunnels for local roads were constructed in 
relation to the measures for motorways. Also conduct
ing measures in the neighbouring landscape were 
taken. Cooperation between various players (levels of 
government, farmers, hunters, police, nature clubs, 
etc.) appeared to be necessary to improve the effective
ness of several measures.

During construction and after the opening of the 
motorway, the first data about usage were gathered. 
These data indicate that the pipes were used frequently 
by badgers as well as by other species (Derckx 1984). In 
this period some lectures for civil engineers about this 
topic were given.

Part of the process was the pressure and knowledge 
of one activist organization who made a valuable con
tribution to the adoption of protective measures.

1986-1990
Forty badger tunnels built: pipes of concrete and steel 
under new motorways and the first steel pipe under an 
existing motorway. Satisfactory fencing and little dis
cussion. Road engineers became interested. Some 
questions were raised about maintenance of the meas
ures and the siting of fences. More and more, the use of 
the habitat became part of the implementation of the 
measures. The first two ecoducts (Woeste Hoeve and 
Terlet, Rw A50) were built.

Several talks were given in schools about fragmen
tation and possible measures, and a four-day course 
was set up for designers (Rijkswaterstaat 1990). Infor
mation about design, material, location and the use of 
a badger-tunnel was documented in a leaflet and in a 
video.

1991-1995
In areas where the badger lives or possibly can live in 
the future, badger tunnels became a standard feature iir 
the design and construction of motorways. A special 
project was set up to counteract the road victims at 
existing roads (Rijkswaterstaat, project 50 pipes, 1991- 
1994). Road victims formed the basis for identification 
of the problems between badgers and motorways. In
genious solutions related to technical problems (water- 
level, little space) were necessary. The badger 
population rose to around 2,200 individuals in 1991 
(Wiertz 1991).

The third ecoduct (Boerskotten, Rw A l) was built. 
Other mitigation measures were realized: stump walls, 
fauna passages in culverts. In 1993, the program Frag
mentation ... Defragmentation (Rijkswaterstaat 1993) 
started and focused on the period to 1997. This pro
gram was partly based on the experience of the history 
of badgers and continued with measures for badgers 
beside other species.
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dram for inspection badger fencing

- tunnel

“ gravel for drainage

Fig. 1. Design of a tunnel for badgers or other small wildlife.

A manual was written containing information about 
the purpose, approach, design, technical realization 
and maintenance of all the measures (Rijkswaterstaat 
et al. 1995) (Fig. 1).

Since 1996
The program is continued with the renewed pro

gram in 1997 focused on the period until 2001. Badgers 
are one of the species for which measures are taken. 
The badger population is still growing: 2,400 in 1996 
(Bekker and Canters 1997). Now there is a broad-scale 
plarming to address fragmentation. Engineers and bi
ologists continue to cooperate to achieve the political 
objectives of counteracting the fragmentation by mo
torways. Several ecoducts and big fauna underpas
sages are being planned or are under construction.

LESSONS FROM THIS HISTORY

We have learned much during this 20-year period, 
particularly about cooperation, technical and ecologi
cal possibilities. The experiences are used for the pol
icy, for research items and for a wide variety of 
measures. The history of the measures for the badger 
also helped Rijkswaterstaat to achieve a more compre
hensive approach for defragmentation.

Participants
From the history described it became clear that many 
people are involved. Citizens and action groups are 
part of the process as they often have a great deal of 
knowledge about specific species or the local natural 
situation. Action groups protested increasingly loudly 
that the damage to nature by road building and road 
use must stop. They first drew attention to the issue 
with letters, interviews and articles in newspapers, but 
later more drastic methods were used. Finally, they 
succeeded in getting attention; and their knowledge 
could often be used without losing their critical voice.

Much discussion was necessary to establish that the 
road administration was responsible for measures 
along the road. But questions by engineers and authori
ties about responsibility and costs changed slowly into 
objectives to counteract the fragmentation of the land
scape by road building. These mean responsibility for 
avoidance of fragmentation and measures for existing 
fragmentation. Other authorities, nature conservation 
clubs and farmers are responsible for entire measures 
in the surroundings. These groups must cooperate to 
achieve real solutions to fragmentation.

It took time before the various disciplines under
stood each other. Biologists had to apply themselves to 
exact, more mathematical information about biological 
demands. Civil engineers had to learn that ecological 
processes are complex and not always predictable. 
These gaps were, however, bridgeable.

Government policy
During the 1980s, fragmentation became an important 
issue for the three Ministries involved (Agriculture, 
Nature Management and Fisheries; Transport, Public 
Works and Water Management; Housing, Physical 
Planning and Environment). It was part of the princi
pal aims of a policy to counteract the decline of nature 
values. In the Nature Policy Plan, the concept of the 
National Ecological Network (Ministry of Agriculture, 
Nature and Fisheries 1990), priority is given to sustain
able conservation, recovery and development of na
tionally and internationally important ecosystems. For 
infrastructure in the Second Transport Structure Plan 
(Ministry of Transport, Public Works and Water Man
agement 1990), the following goals were established to 
be achieved within twenty years: "In the short term 
further fragmentation of nature and landscape will 
have been prevented; in the long term the fragmenta
tion will have been pushed back".

In 1993, a rough framework existed within the Green 
Space Structure Plan (Ministry of Agriculture, Nature 
and Fisheries 1993) for compensatory measures. The 
principle underlying compensation was that there 
should be "no net loss" of the area of ecological value 
as a result of constructing infrastructure.

The Road and Hydraulic Engineering Division, as 
part of the Ministry of Transport, Public Works and 
Water Management, was given the task of implement
ing this policy around motorways. The targets were 
(Rijkswaterstaat 1993):
-  2000: 40% of the problem points between the Na

tional Ecological Network and the existing main 
infrastructure will be 'resolved',

-  2010: 90% of these problem points will be 'resolved',
-  in situations where mitigation is not possible, com

pensation measures will be implemented.

Approach
Based on this policy, fragmentation will be counter
acted with the following strategy in four connected 
steps:
1. Preventing fragmentation by avoiding: Environ

mental Impact Assessment, no new infrastructure, 
better utilization of existing infrastructure, avoiding 
vulnerable habitats by route planning, underground 
infrastructure, good designs of the road. At this 
stage, the need for mitigation work can be reduced 
(Kirby 1997).

2. Removing and reducing fragmentation by mitiga
tion measures: influencing road use by reducing 
speed, reducing the volume of traffic and selective
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Table 2. The realized measures in 1993,1994 and 1995

Region 1993 1994 1995 Measures

North
Netherland

5 6 9 small wildlife tunnels, 
catwalks, stumpwall

East-
Netherlands

13 13 6 small wildlife tunnels, 
fencing, catwalks

Flevoland 2 3 1 catwalks and stumpwall

Utrecht 1 1 2 stumpwall, joint use 
viaduct, tunnel 
improvement

North-Holland 1 2 5 catwalks in bridge, 
stumpwall

South-Holland - 3 - catwalk in culvert, small 
wildlife tunnel, fencing

Zeeland 2 - - small wildlife tunnel, 
catwalk in culvert

Noord-Brabant 1 1 1 banks in culverts

Limburg - 3 2 small wildlife tunnel, 
fencing

Total 25 32 26

road use; passages under and over infrastructure as 
badger-tunnels and ecoducts and improve the joint 
use of existing viaducts and bridges; screening roads 
and railways with fencing, shrubs or warning signs.

3. Increasing the acreage set aside for conservation ar
eas: compensation of land with nature development, 
nature habitat improvement, partial closure of mi
nor road network.

4. Improving habitat quality: taking noise measures, 
light and visual measures, ecological design and 
maintenance of roadside verges.

Implementation
Currently, nature is decreasing, partly because roads 
are built and used, so it is obvious that something has 
to be done to decrease fragmentation. There is no time 
to wait for results of research. Regional directorates of 
the Rijkswaterstaat are implementing all kinds of 
measures, based on their own analyses. There is a plan
ning until 2002. The measures realized in 1993, 1994 
and 1995 are shown in Table 2 (Bekker 1996). The 
realization of these measures yields much information 
about possibilities and problems. Representatives of 
the regional directorates regularly discuss their experi
ences.

Effects of roads and traffic on nature
Although the implementation of measures must be 
continued, there is still a need for research. Our re
search is focused on effects of road building and use of 
motorways on several species or group of species. It is

necessary to know which species are affected by infra
structure and how much they are affected. Within the 
Road and Hydraulic Engineering Division, studies 
have been carried out about the effects on amphibians 
(Vos and Chardon 1994), squirrels (Nieuwenhuizen 
and Van Apeldoom 1995), hedgehogs (Mulder 1996), 
and badgers, small mammals, ground beetles and 
breeding birds (Reijnen, Veenbaas and Foppen 1992).

Several studies are carried out to underline the large 
number of victims. Yearly, 20-25% of the badger popu
lation falls victim to the car (Bekker 1997). Van den 
Tempel (1993) estimated that roughly 1-2 million birds 
a year are road victims, this occurring in such a small 
country as the Netherlands. The study by Groot Bruin- 
derink and Hazebroek (1996) shows strong evidence of 
some patterns (place, time — daily and seasonal, sex 
composition) in the number of victims. This informa
tion can give ideas for mitigation measures.

Methods to predict effects
From this knowledge about the impact on species, 
methods are being developed for predicting effects. 
These effects are predictable when information is 
highly quantified: loss of acreage or numbers of a spe
cies. The work by Reijnen is being used for a method of 
predict the effect on breeding birds along motorways 
(Reijnen, Veenbaas and Foppen 1992).

The loss of habitat is simple to quantify: each kilo
metre of motorway (two directions with three lanes 
and shoulders) covers at least 35,000 m  ̂with asphalt. 
Noise and emissions cause a decline in the quality of 
the environment and reduce the suitability of the area 
as habitat. This effect is gradual (Canters and Cuperus 
1997). Although it is difficult to calculate disturbance, 
because it depends of the species concerned, it is to be 
quantified and used as a method. For example, the loss 
of quality by disturbance can be compensated for by 
developing new sites with an acreage that is a certain 
percentage of the disturbed acreage.

Animals become cut off from their habitat (i.e., iso
lation). It is not yet possible to calculate the barrier 
effect (Canters and Cuperus 1997).

Methods to identify and prioritize problem points
Several studies are carried out addressing the question 
of how to identify the problem points. The first ap
proach was based on the intersections between the 
National Ecological Network and the existing and 
planned network of highways (Piepers and Bekker 
1993). The overlay of two maps is still the principal 
means of identification and prioritization of problem 
points. Additional information is also used. Landscape 
ecological information gives spots with high values. 
Protected species in the Nature Policy Plan help to 
identify problem points inside and outside the Na
tional Ecological Network and to prioritize.

Data about road victims helps identify specific 
points where measures can be taken and for which
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species. Because data about the place of collisions were 
missing, it was necessary to set up a system to collect 
these data. Now the system has to be filled with reliable 
data.

Design and improvement of measures
At first, a mixture of ecological and civil engineering 
knowledge and initial design ideas led to measures 
around roads to protect animals. Now, more and more 
ecological and civil engineering knowledge and expe
rience are translated into improvements of the meas
ures. However, several questions remain. For example, 
there is insufficient information about the best shape, 
material, design and numbers of ecoducts. What kind 
of human joint use is possible (forest road, cattle strip, 
agriculture road, hiking path). The ecoducts in the 
Netherlands differ in many respects from those in 
other countries (Keller and Pfister 1996, Ministere de 
I'Equipment et de I'Environnement 1993). The 
ecoducts in France are probably too small, but the 
enormous width in Switzerland and Germany is very 
expensive. Table 3 shows the ecoducts in four countries 
with their differences in width.

There is a relation between the ecology of a (group of) 
animal species and the shape, height, width and length of 
mitigation measures. For example a tunnel for roe deer 
must have the following size (Bekker 1997):
— length as short as possible,
-  height >10% of the length and at least 3.5 m,
— width > two times the height and at least 7 m, and
-  the relative cross-section: height x width / length >

0.75.
There are situations when roe-deer use a smaller 

tunnel or refuse to use a bigger one. The data from all 
kinds of existing underpassage show that the relative 
cross-section is the most important parameter (Olbrich 
1984, Ministere de I'Equipement et de I'Environnement 
1993, Miljoministeriet Danmark 1993).

Many wet sites in the Netherlands are divided by 
roads. These form a barrier, especially for those ani
mals which travel through the banks along the waters. 
In culverts or under bridges such a bank often does not 
continue. To avoid animals crossing the road, we have 
started to take measures. Boulders, concrete, wooden 
or plastic horizontal sections are placed along the inner 
sides of culverts. The place in the culvert and the design 
of these catwalks are based on the best available knowl
edge. These catwalks are experimental, but necessary.

Joint use of viaducts and bridges is multiplying the 
amount of possible fauna underpassages (Bekker 1989, 
Sips 1994). Often it can easily be increased by providing 
suitable shelter. At the Zandheuvel Viaduct, an inter
section between motorway A27 and the main road 
from Baam to Hilversum, an oversized viaduct (antici
pating future widening of the main road) was regularly 
used by roe deer and fox, but not by small mammals 
(van der Linden 1994). Modifications by a wall of tree 
stumps, trunks and some additional planting made the

Table 3. Ecoducts in four countries show differences in width

Country Road Name Smallest 
width (m)

Switzerland N1 Grauholz 30
N7 Fuchswies 200

Aspiholz 140
N8 Brienzwiler 14

Germany B31 Schwarzgraben 50
B31 Weiherholz 80
B31 Hirschweg 80
B31 Nesselwangen 29
B31 Negelhof 20
B33 ? 35
B33 ? 35
DB ? 8

France A36 Hardt 8 & 8 & 8
A36 Hardt 12
A4 Col d Saverne 10
A13 F.D. de Bord 5
AlO Bois Griffons 4
A40 D Fontaine 8
A71 ? 9 & 6 & 6
A5 ? 7 & 7

The Nether- A50 Woetse Hoeve 50
lands A50 Terlet 50

Al Boerskotten 15
Al (in Kootwijk 35
prep.)

passage suitable for voles, mice and shrews. The place 
is now used as a habitat for these species. Experiences 
and further research will be necessary to improve these 
provisions.

Evaluation of measures
The questions about place, size, design and surround
ings are the reason for evaluating the measures. Facts 
and data are needed to ascertain their effectiveness. 
The first step is to monitor whether the plarmed meas
ures are realized and, from a technical point of view, 
properly realized. Furthermore, two questions arise 
when we are dealing with effectiveness: are the provi
sions used by the animals, and are (sub)populations 
increasing or at least stabilized?

Several studies prove that measures are well used 
(Litjens 1991, Derckx 1984, Bekker 1989, Janssen 1995). 
A sandbed showed that not only were the intended 
species using the ecoducts (red deer, roe deer and wild 
boar), but badgers, foxes, martens, beetles and birds 
were also using. Badgers frequently use the badger- 
pipes, as do foxes, hares and stoats.

The pipes, culverts and ecoduct near Boerskotten 
(Al) are investigated on the question of use by sand- 
beds, traps and PVC tubes containing ink and paper 
(Nieuwenhuizen and Van Apeldoom 1995). The main 
conclusions were:



364 G.J. Bekker

Fig. 2. Ecoduct with several habitat types.

The annual Policy Evaluation Report charts the pro
gress of the targets of the Second Structure Transport 
Plan, defragmentation being one of the subjects in
cluded in it (Ministry V&W 1996). The basic criterion 
for now is the number of problem points (the intersec
tion of the National Ecological Network by the existing 
main infrastructure) solved. Using the number of prob
lem points in 1990 as a reference, the target is that in 
2000 approximately 40% and in 2010 approximately 
90% are solved. In 1995, 23% was solved and in 1996 
29% (Fig. 3). "Solved" means only that measures are 
taken, varying per problem point from 0  (= nothing 
done) to 1  { -  all planned measures are realized with 
proven use) and some values between.

-  all of the passages were used; the pipes and culverts 
by five species of mammals and the ecoduct by nine 
(except mice and voles);

-  species preferred a particular type of passage: fox 
and rabbit used the pipes more than the culverts and 
roe deer, hare and red squirrel were only observed 
on the ecoduct;

-  small species such as mice and voles were not ob
served in the pipes;

-  some technical shortcomings were identified and 
some improvements possible.
It appears that an ecoduct with a variety of habitat- 

types is better for a broader range of species. Design of 
an ecoduct is important and so is the context, as is 
shown in Fig. 2 (from the previously manual).

Few data are available on the use of catwalks (Ward 
1996); evaluation is being started by Rijkswaterstaat.

The question of (sub)population levels is very diffi
cult to answer. At first, little data existed at the popula
tion level. The well known badger population is an 
exception. Furthermore, road building takes a long 
time (10-15 years) from planning to completion and 
use. During that time, significant changes in popula
tions can occur due to other reasons, and the combina
tion of factors makes it difficult to make causal 
connections. For example, the growth of the badger 
population from 1,200 in 1980 to 2,400 in 1996 is the 
result of several measures in the area that suited as 
habitat. Beside measures under and along roads the 
following has changed: the food supply has increased; 
new hedges and small copses have been established 
in agricultural land; the protection of setts has im
proved; a system has been set up to record traffic 
victims and to find the cubs when a nursing mother 
has killed. The youngsters are used to restock small 
subpopulations.

Evaluation of the policy
The government want to know how their policy is 
working. For this evaluation, the use of measures is 
interesting. The effect on populations also affects the 
policy. As mentioned above, information on this is only 
partly available.

CONCLUSIONS

From the process described, some conclusions can be
drawn:
-  defragmentation by infrastructure is the responsibil

ity of the road administration involved;
-  it is very difficult to avoid new fragmentation by 

roads, more effort is necessary;
-  procedures for taking measures are working and 

become a standard feature;
-  many measures realized along roads are used well;
-  improvement of measures is desirable;
-  more effort is required for measures along provin

cial and local roads;
-  communication and information geared to all par

ticipants is necessary;
-  many disciplines are involved and must join forces.

Habitat fragm entation

0  Target

Fig. 3. Progress in solving problem points between national 
ecological network and main infrastructure network. The 

number of problem points in 1990 is indicated by 100.
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The Conservation of Threatened or 
Vulnerable Plant Species: The Des 
Cantons-Levis Transmission Line

Experience

Celine Belzile and Clarisse Cohen

In 1994, Hydro-Quebec was authorized by governmental decree to implement a new 735-kV 
transmission line as well as a new substation. The 181-km line, called Des Cantons-Levis, is now 
under construction in southern Quebec and will be completed in 1997. The line crosses large 
agricultural and forested private lands. As a condition of the governmental decree, Hydro-Quebec 
had to address the issue of plant species susceptible of being designated threatened or vulnerable 
by law. A complete conservation program, including rare plant inventory, mitigation measures and 
systematic monitoring, has been planned and implemented by Hydro-Quebec's environment 
specialists. From 1994 to 1998, this program will cover all line implementation activities, from the 
initial deforestation to the right-of-way landscape development and maintenance. Five species 
susceptible of being designated threatened or vulnerable have been discovered in the future line 
right-of-way. One species, wild leek {Allium tricoccum), designated vulnerable in 1995, has been 
inventoried in many sites along the line route. Mitigation measures have been developed for 14 
populations of these species and mainly consisted in preserving the plants natural habitat by 
special deforestation methods. From 1995 to 1998, an annual monitoring assesses the actual impacts 
of the Des Cantons-Levis transmission line on these plant populations and evaluates the effective
ness of the mitigation measures.

Keywords: Hydro-Quebec, Des Cantons-Levis, transmission line, threatened species, vulnerable 
species, rare plant, mitigation, measure, environmental monitoring, conservation

INTRODUCTION

In 1994, Hydro-Quebec was authorized by governmen
tal decree to build a new transmission line in southern 
Quebec. The project, called Des Cantons-Levis, con
sisted in implementing a 181-km line that cormected 
two existing substations. A new 735-230-kV substation, 
named des Appalaches was also built (Fig. 1). In order 
to minimize right-of-way deforestation, the selected 
line route is partly implemented in an existing line's 
right-of-way of lower voltage (230 kV) that is to be 
dismantled. The construction of the Des Cantons-Levis 
line started in 1994 and will be completed by the end of 
1997 (Table 1). Activities causing the most important 
impacts on rare plant populations were initial defores
tation and landscape development of the right-of-way.

The latter consists of soil uprooting and levelling, 
and then sowing of grasses to control vegetation 
growth. Landscape development would facilitate 
right-of-way maintenance and, in some cases, would 
allow agriculture.

Before governmental authorization, environmental 
impact assessment studies, as per Section 31.1 of the 
Quebec Environmental Quality Act, were carried out, 
from 1989 to 1991 (Hydro-Quebec 1991a). At that time, 
rare plant species conservation was not yet an impor
tant issue and the subject was just briefly mentioned in 
these studies. However, in the legal and administrative 
context of the mid-90s regarding threatened or vulner
able species, the government of Quebec asked Hydro- 
Quebec to address the issue of rare plants along its 
selected line route.
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Fig. 1. Location of the des Canton-Levis Transmission Line and of the rare plant populations.

Table 1. The Des Cantons-Levis project schedule

Environmental impact assessment studies 1989-1991
Governmental decree 1994
Right-of-way deforestation 1994-1995
Line construction 1994-1996
Right-of-way landscape development 1996-1997
Operation and maintenance from 1997

In fact, in 1989, the province of Quebec adopted an 
Act regarding threatened or vulnerable species, in or
der to preserve the biodiversity of Quebec wild species, 
both fauna and flora. In 1992, in order to implement 
this legislation, the Quebec Ministry of Environment 
and Fauna published a Policy for the protection and 
management of threatened or vulnerable species. For 
the flora, a list of 374 species susceptible of becoming 
designated threatened or vulnerable by law was re
leased (Ministry of Environment and Fauna 1992, La
voie 1992). In this Policy, threatened species are 
defined as all species for which extinction is appre
hended. For vulnerable species, survival is precarious 
but extinction is not yet apprehended.

In order to address the new problematic of rare plant 
species and to respond to the governmental decree, 
FLydro-Quebec elaborated a specific approach target
ing the following objectives:
-  to identify the presence of vascular plants suscepti

ble to be designated threatened or vulnerable along 
the Des Cantons-Levis line route,

-  to develop mitigation measures for protecting plant 
populations affected by the transmission line,

-  to put in place an environmental surveillance plan,
-  to elaborate a monitoring program.

OBJECTIVES

The main purpose of this paper is to explain how Hy
dro-Quebec addressed the issue of threatened or vul
nerable plant species in the Des Cantons-Levis project. 
It presents the different phases of the approach and 
more specifically: (a) the results of the rare plants in
ventory, conducted in 1994; (b) the mitigation meas
ures designed to protect rare plant populations 
affected by the line; and (c) the four-year monitoring 
program. Some preliminary results of this monitoring 
are also briefly presented.
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THREATENED OR VULNERABLE PLANTS 
INVENTORY

Study area
The study area for threatened or vulnerable plants 
inventory included the 181-km long selected line route, 
covering the complete 80-m wide right-of-way and its 
immediate surroimdings. The geological formation of 
the whole study area belongs to the Appalachian for
mations which are characterized by a broad miner- 
alogic diversity. On a bioclimatic aspect, all the study 
area is located in the temperate zone dominated by 
deciduous forests. The climax vegetation is the Lauren- 
tian or linden maple forests (Thibault and Hotte 1985). 
Most of the plant species of the study area are temper
ate North-American or temperate eastern North 
American species. These species are at the northern 
limit of their spatial distribution in southern Quebec, at 
the level of the Appalachians and of the St. Lawrence 
Valley.

Inventory method
The inventory method consisted in identifying only the 
potential habitats for rare plant species that would then 
be visited in the field (FORAMEC Inc. 1994). First, a list 
of 93 species susceptible of being found in the line's 
right-of-way was established. It was based on the Min
istry of Environment and Fauna's list of the 374 plants 
susceptible of being designated by regulation as threat
ened or vulnerable. Different herbaria were also con
sulted to find detailed information on rare plants 
spatial distribution and habitats. From this list, it was 
then possible to determine the potential habitats that 
should be considered for field inventory. For the Des 
Cantons-Levis project, these habitats were: stable 
opened habitats, riparian habitats, wetlands, rocky 
habitats, and mature maple forests. On the 181 km of 
the line, 37 km were inventoried in the field as potential 
habitats and 14 water courses were visited. A transect 
method was used to survey all potential habitats. These 
transects were parallel to the right-of-way and covered 
the whole cleared area. A first inventory was con
ducted between the end of June and the middle of July 
1994 for wetlands and maple forests; a second one was 
undertaken between the end of August and the middle 
of September 1994, mainly for riparian habitats. This 
schedule was based on species' phenology.

Six rare or vulnerable species have been identified in 
the right-of-way. One species, wild leek {Allium tricoc- 
cum Ait.) was designated vulnerable by regulation in 
1995. The five other species are susceptible of being 
designated threatened or vulnerable. These are two 
weeds, Reed Cinna {Cinna arundinacea) and Com Grass 
{Panicum clandestinum), two orchids Platanthera ble- 
phariglottis (Willd.) Lindl. (syn. Habenaria blephariglottis) 
and Listera australis, and a fern Alhyrium pycnocarpon. 
They are distributed along the line route in 14 distinct 
populations (Fig. 1). Eleven of these were unrecorded

populations and the inventory contributed to enhance 
the provincial Ministry of Environment and Fauna da
tabase on rare plants (Naturel Heritage Data Center). 
Specimens were donated to three herbaria.

The species
Six populations of A. tricoccum were found in maple 
forests that were partly deforestated to implement the 
Des Cantons-Levis transmission line. A. tricoccum is a 
spring ephemeral of eastern North American decidu
ous forests. In southern Quebec, the wild leek is at the 
northern limit of its distribution. Since 1995, the species 
is protected legally and commercial sale is forbidden.

One population of C. arundinacea was found in the 
existing right-of-way and in the surrounding habitat, 
an open silver maple forest in the flood plain of the 
Becancour River. It is a tall perennial weed, growing in 
humid wooded areas or marshes.

The two populations of P. clandestinum were found 
in riparian habitats of two different rivers. These popu
lations grow in the existing right-of-way that was wid
ened to implement the Des Cantons-Levis transmission 
line.

Four small but distinct populations of L. australis 
were discovered in the right-of-way and its surround
ings, at the edge of a rich and undisturbed peat bog. L. 
australis is a small and very discreet perennial. Its pho
tosynthetic season is short, ending at the end of June. 
This orchid is known in only a few locations in eastern 
Canada and it is considered rare by Argus and Fryer 
(1990).

P. blephariglottis was found in mid-July, in two large 
populations (N > 5,000) in the same peat bog where L. 
australis was found, but in more open sites.

Finally, one population of the fern A. pycnocarpon 
was discovered in a small shrubby area surrounded by 
a mature maple forest. This species reaches the north
eastern limit of its distribution in the province of 
Quebec.

MITIGATION MEASURES

Rare plant habitats were preserved in as much of a 
natural state as possible by special deforestation meth
ods whenever it was possible without compromising 
the safety of the line. In the field, each population's area 
was flagged and signs were posted indicating the type 
of clearing to be applied. Habitat protection was possi
ble for all three weeds populations of C. arundinacea 
and P. clandestinum. An initial deforestation method C 
was used in the sensitive riparian habitats sheltering 
these species. This method calls for manual cutting 
only of trees that are incompatible with the transmis
sion line. The use of any machinery is prohibited (Hy
dro-Quebec 1991b). Deforestation method C applies to 
sensitive areas where cutting has a major environ
mental impact.
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Table 2. Mitigation measures for protecting threatened or 
vulnerable plant populations along the Des Cantons-Levis 

transmission line

Table 3. Relocation sites of wild leek outside the Des Cantons- 
Levis transmission line in 1996

Rare or vulnerable plant 
population

Mitigation measures

C hina arundinacca -  
Becancour River

-  Initial deforestation method C 
protecting the riparian habitat

-  No work area on the river 
shores

Paniciim  dan dcstin u m
-  Nicolet River
-  Stoke River

-  Initial deforestation method C 
protecting the riparian habitat

-  No work area on the river 
shores

Listcra australis 
Platanthera blephariglottis

(in the existing right-of-way)

-  Initial deforestation method B
-  Construction works on 

geotextile
-  Machinery must travel only in 

the access road ( 8  m wide)

Listera australis 
Platanthera blephariglottis  
(in the new right-of-way)

-  Construction works in winter
-  hiitial deforestation method B
-  Bypass of the peat bog by the 

machinery

A thyrium  pycnocarpon  
-  St. Claude

-  hiitial deforestation method B 
protecting the whole 
population

-  Siting of the access road to 
avoid the population

Allium  tricoccum  
-  St. Claude

-  Initial deforestation method B

-  Partial relocation of the 
population outside the 
right-of-way

A llium  tricoccum  
-S t . Julien

-  hiitial deforestation method B

A llium  tricoccum
-  Tingwick

-  Chesterville
-  Danville

-  Landry River

-  No mitigation measure for 
populations in the 
right-of-way

-  Edge-effect study for 
populations outside the 
right-of-way

Conservation of L. australis and P. blephariglottis peat 
bog habitat was possible by applying an initial defores
tation method B. Under this method, all trees are cut 
down (all species up to 3 m in height at maturity) but 
the shrubby stratum is preserved along with the 
stumps and root systems of the trees cut (Hydro- 
Quebec 1991b). This deforestation method was also 
applied to the location of two populations of A. tricoc- 
ciim and to the fern population A. pycnocarpon.

Site No. of 
clumps

No. of 
bulbs

No. of 
scapes

No. of 
seeds

No. of
germinated
seeds

1 30 2 2 1 48 125 1 0 0

2 30 279 49 127 1 0 0

3 1 1 1 0 2 2 2 126 1 0 0

4 30 379 124 1 0 0 0

Total 1 0 1 981 243 478 300

In the case of four populations of A. tricoccum, other 
large populations were found outside the Des Cantons- 
Levis right-of-way, insuring the survival of the species 
in the area. In fact, the size of these populations was 
over the minimum viable, which is established to 1 , 0 0 0  

plants for this species. For populations located in the 
right-of-way, and although the initial deforestation 
was causing their disappearance, no mitigation meas
ures were applied because the perennation of the spe
cies was not compromised. The mitigation measures 
elaborated for each of the 14 rare or vulnerable plant 
populations are presented in Table 2.

A . tr ic o c c u m  relocation
Using one of the A. tricoccum populations, an experi
ment of relocation was initiated, in collaboration with 
Dr. Andree Nault, botanist at the Montreal Biodome, a 
research and education center. Transplantation of A. 
tricoccum bulbs was carried out during the fall seasons 
of 1995 and 1996. The main objective was to develop a 
rescuing method for wild leek when its habitat destruc
tion was inevitable. A total of 981 bulbs of A. tricoccum 
were removed from the maple forest before its defores
tation. They were then transplanted in a similar habitat 
nearby, outside the right-of-way. In addition to the 
transplanted bulbs, 478 seeds were collected in situ 
from the scapes and sown as well as 300 germinated 
seeds obtained from Dr. Nault (Table 3).

MONITORING PROGRAM

A four-year monitoring program was elaborated and 
implemented by a team of Hydro-Quebec's biologists. 
The monitoring started in June 1995 and will continue 
until 1998.

Monitoring objectives
The goals of the monitoring program are to determine the 
actual impacts of the Des Cantons-Levis transmission line 
on the 14 rare or vulnerable plant populations and to 
assess the effectiveness of the mitigation measures. As 
the last step of the environmental impact assessment
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process, the monitoring provides for its continuous 
improvement by integrating the results of both obser
vations in situ and theoretical research.

Monitoring method
These objectives are achieved by assessing the evolu
tion of each plant population located in and near the 
right-of-way, in terms of stability, growth or decline. 
Based on the species' phenology, a follow-up schedule 
was elaborated for the four main activities of the Des 
Cantons-Levis line's implementation, which are defor
estation, construction, right-of-way landscape devel
opment and maintenance. For C. arundinacea, P. 
clandestinum, L. australis, P. blephariglottis and A. pycno- 
carpon, each population is visited once a year, at the 
flowering or reproductive period. A.tricoccum popula
tions are visited twice a year: in mid-May, during full 
foliage emergence, for population estimation, and at 
the end of August, during seed production, for assess
ing the sexual reproductive effort. During the four-year 
monitoring program, the evolution of each population 
is followed by counting up all individual plant or, 
when density is too high, by sup-sampling the popula
tion in 1 m  ̂plots. Ffabitats are described using vegeta
tion cover and dominant plant species.

Some preliminary results of the monitoring
The first two years (1995 and 1996) of the monitoring 
program have mainly consisted in: describing each 
plant population in terms of number of individuals and 
habitat; searching for other populations outside the 
Des Cantons-Levis right-of-way; and carrying out the 
relocation of A. tricoccum. Moreover, after discussion 
on the impacts of ecosystem fragmentation, a new re
search objective was added to the initial monitoring 
program. It consists in assessing the impact of the right- 
of-way on A. tricoccum populations at the edge between 
remnant deciduous forests and the developed right-of- 
way. Although it is too soon to predict the trends of the 
14 rare or vulnerable plants populations, some field 
observations can already be presented. The change in

the number of populations, from 1994 to 1996, is sum
marized in Table 4.

1995 Preliminary results
Of the eight initial populations of species susceptible of 
being designated threatened or vulnerable located in 
1994, five survived in 1995. Two very small popula
tions of L. australis (Ni = 1, N2  = 2), found in 1994 in the 
right-of-way, disappeared probably due to the passage 
of heavy machinery. One of the two populations of P. 
clandestinum (N = 10) also disappeared in 1995 al
though no construction work had begun. However, 
three new populations were found: two populations of 
L. australis (N = 16) and one population of P. hle- 
phariglottis {N = 100). Thus, in 1995, there were still 
eight rare plant populations. For A. tricoccum, due to 
the 1994 inventory date, the existence of all six popula
tions was based on the observation of scapes, which is 
not a good indicator. In fact, in this species, the propor
tion of mature ramets bearing scapes shows important 
annual fluctuations and, in some poor reproductive 
years, only a few percent of large ramets produced a 
scape. For example, Nault and Gagnon (1993) observed 
that, in 1984, 48% of large ramets produced a scape 
compared to only 4% in 1985. In 1995, five of the six A. 
tricoccum’s populations affected by the Des Cantons- 
Levis transmission line had sexual reproduction (pres
ence of scapes with seeds). Thus, in 1995, the presence 
of 13 rare or vulnerable plants populations was con
firmed, three of them being new ones and four having 
disappeared during initial deforestation and construc
tion activities.

1996 Preliminary results
In 1996, during the construction of the Des Cantons- 
Levis transmission line, all 14 populations originally 
found in 1994 where visited as well as the additional 
orchid populations discovered in 1995. This time, the 
presence of only five of the eight rare plant populations 
was confirmed. All six A. tricoccum populations were 
present, although one of them was in serious decline

Table 4. Number of rare or vulnerable plant populations in the Des Cantons-Levis Right-of-Way from 1994 to 1995

Species Number of populations

1994
Inventory

1995 Monitoring 1996 Monitoring

Existing pop. New pop. Total Existing pop. New pop. Total

Cinna arundinacea 1 1 0 1 1 0 1
Panicum clandestinum 2 1 0 1 1 0 1
Listera australis 2 0 2 2 0 0 0
Platanthera blephariglottis 2 2 1 3 2 0 2
Athyrium pycnocarpon 1 1 0 1 1 0 1
Allium tricoccum 6 5 0 5 6 0 6

Total 14 10 3 13 1 1 0 1 1
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after the passing of heavy machinery for the right-of- 
way deforestation. As for 1995, the P. clandestinum 
population of the Stoke River site was still not found in 
1996. In that year, the orchid populations were severely 
threatened by the drainage of their habitat, originally a 
rich and undisturbed peat bog. This drainage was 
made by the owner of the lands on which Hydro- 
Quebec has only the right-of-way. All four populations 
of L. australis, the rarest species found in this project, 
disappeared. The largest population of P. blephariglottis 
is still existing but observations in the field showed a 
perceptible decline. In the long term, the survival of 
this population seems compromised. However, other 
species, and especially the two weeds, are showing 
good population growth. Thus, in 1996,11 rare or vul
nerable plant populations were still present.

The 1996 monitoring has allowed a more precise 
estimation of the populations of A. tricoccum in and 
outside the right-of-way, by visiting them in the spring, 
during the emergence of the leaves when ramets can be 
counted. This precise counting was necessary to follow 
the evolution of the two populations located entirely in 
the right-of-way, where a clearing "method B" (preser
vation of the shrub layer) was applied. It was interest
ing to note, that in 1996, two years after the initial 
deforestation, one A. tricoccum population (St. Julien 
site) was still present in large number (N > 6 000) in the 
right-of-way. On the other hand, the second popula
tion (St. Claude site) had almost disappeared the first 
year because the deforestation method preserving the 
shrubby stratum was not correctly applied.

CONCLUSION

The Des Cantons-Levis project was the first transmis
sion line in southern Quebec where the issue of rare 
plant conservation had to be addressed. Although the 
project was implemented in agricultural and agrofor- 
ested private lands, there was a high probability of 
finding plant species susceptible of being designated 
threatened or vulnerable by law. In fact, of the 93 spe
cies that could possibly be present in the study area, six 
species have been discovered. They are distributed 
along the line route in 14 separate populations.

To protect these rare plant populations, Hydro- 
Quebec environment specialists adapted existing miti
gation measures and elaborated new ones. It was 
assumed that the implementation of these measures 
would insure the existence of rare or vulnerable plant 
populations. However, by its novelty, the issue of rare 
or vulnerable plants conservation had to be well docu
mented and the assumptions on the actual impact of 
the project and on the effectiveness of the mitigation 
measures had to be demonstrated. A four-year moni
toring program was therefore put in place by Hydro- 
Quebec. After the first two years, many data had been 
collected and analyzed. It is still too soon, however, to

determine the trends in the rare or vulnerable plant 
populations. The issue of integrating development ac
tivities along with biodiversity conservation is in con
tinuous evolution. The Des Cantons-Levis 
transmission line experience allowed Hydro-Quebec to 
participate in the effort and reflection on this major 
environmental challenge.
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Implementing The National Protocol System 
Down-Under: Cooperative Management 

Device for Biodiversity Conservation on 
Road Corridors in Austraiia

Quentin Farmar-Bowers

The paper reviews the importance of road corridors for biodiversity conservation in Australia and 
describes progress in developing and implementing a new management device for the conserva
tion of biodiversity on road corridors. The new device is called the National Protocol System (NPS). 
The NPS is a formal cooperative management system involving all stakeholders. Stakeholders are 
defined. The main uses of the NPS are described and its three fundamental flaws are discussed. The 
paper describes progress with the NPS in the last year and some of the proposals to promote and 
develop the system in the coming year. The paper concludes that the features of the NPS would 
make it an effective and efficient management device but that it may be too far ahead of current 
management capabilities to be readily accepted by current managers.

Keywords: Australia, biodiversity, highway corridors, cooperative management, stakeholders, sus
tainable development

INTRODUCTION 

A huge area
There are about 800,000 km of roads in Australia and 
many other linear corridors for transmission lines, pipe
lines, rail ways and stock routes .̂ Most of these linear 
reserves were established before the adjacent land was 
used for agriculture, grazing, forestry, urban-residential 
and industry. Consequently these linear reserves have a 
duel role in the conservation of biodiversity in Australia.

Role One (an opportunity to conserve biodiversity): 
In areas that have been cleared during European settle
ment, the linear reserve may contain the only remnant 
of the original native vegetation (Saunders and Hobbs 
1991). Roads were set out throughout Australia, every 
region has them. Consequently we could view road 
reserves (which are public land) as Australia's most 
diverse but least protected biodiversity reserve.

1 This paper relates to road reserves although the National 
Protocol System would be a useful management system in 
every linear reserve (including river frontages) where a 
number of stakeholders are involved.

Role Two (an opportunity to reduce the impacts of 
road use and construction on biodiversity): Construc
tion and maintenance of the transport facilities within the 
reserves damages the remnant vegetation on the reserve 
and also impacts adjacent ecosystems. Drainage of roads 
is especially significant in damaging adjacent ecosystems 
in Australia (McRobert 1996).

Numerous stakeholders
Road reserves are used by a number of agencies and 
individual other than the road authority. Three groups 
have an interest; first, the adjacent landowner, mainly 
farmers and graziers; second, the utilities, such as elec
tricity, water and telephone companies; third, the con
servation agencies, conservation groups, imiversities 
and individual professionals. In this paper all three 
groups are referred to as stakeholders.

Current environmental management
Agencies and utilities companies look after their own 
environmental affairs. Large construction jobs are 
sometimes subjected to an environmental impact state
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ment (EIS) and review. The environmental objective of 
the EIS, which is done by the proponent, is to reduce 
the impact of the proposed work. There tends to be 
little formal review of day to day management activi
ties and therefore long-standing maintenance practices 
rarely change.

Environmental managers are focused on reducing 
the environmental impact of their employers' works 
programs. They are not employed to look at changes 
occurring in the landscape, especially relatively slow 
changes such as biodiversity decline. However, a few 
people in the community have pressured for this wider 
view to be considered. As a result, formal roadside 
conservation committees have been established by the 
bureaucracies to advise the agencies managing the 
road reserves (or the government ministers involved). 
The advisory committees in Victoria and Western Aus
tralia have been the most successful. The advisory com
mittee in New South Wales is about two years old.

Are current management arrangements adequate 
for biodiversity conservation?
Biodiversity conservation has not been a focus for road 
reserves. Nobody is to blame but unfortunately wider 
issues such as biodiversity conservation, are falling 
between the cracks. Biodiversity conservation has been 
occurring more by luck than by design.

If all the stakeholders really wanted to conserve 
biodiversity, conservation would occur. However bio
diversity is not a corporate objective for most stake
holders. It is something new. The stakeholders who use 
the road reserves for utilities such as road pavements 
and electricity lines, have not had to focus on biodiver
sity conservation. Even environmental specialists have 
not had this focus directly.

The author thinks that development and mainte
nance of transport infrastructures and other uses of the 
road reserve is leading to a significant decline in the 
value of these linear reserves for biodiversity conserva
tion, and that the current management arrangements, 
even if applied more energetically, are inadequate for 
achieving 100% biodiversity conservation. Better ar
rangements are needed.

BACKGROUND

Three reasons for taking conservation action on 
highways corridors now

(1) Legal reasons: There is a increasing range of 
environmental legislation in Australia and it appears 
that many stakeholders are unaware of the extent of 
their legal responsibilities (Bates in press).

(2) Political importance of biodiversity: The mainte
nance of biodiversity is one of the three objectives of the 
Australian National Strategy for Ecologically Sustain
able Development (Commonwealth of Australia 1992). 
It is part of the Inter-govemmental Agreement on the

Environment (COAG 1992) and there is a National Bio
diversity Strategy (Commonwealth of Australia 1996). 
Australia is also a signatory to the International Con
vention on the Conservation of Biodiversity (UNEP 
1992). Therefore, politically at least, the maintenance of 
biodiversity is important in Australia.

The significance of biodiversity conservation has 
also been recognised by the road industry (Austroads 
1994,1995).

(3) The value of biodiversity to Society is being rec
ognised by the public (as part of Australia's Social 
Capital): Although industries are busy cashing in this 
particular social capital to gain cheaper roads and 
cheaper road management. The rhetoric is about con
serving our native heritage but actions include develop
ment, clearing, ploughing and grazing, not maintenance, 
learning and appreciation of biodiversity.

Australians are becoming more interested in biodi
versity conservation and its value and international 
literature is having an impact (Beatie 1995, Common
wealth of Australia 1993, Houston 1994, Patrick 1997). 
Conserving biodiversity is being appreciated as an in
ter-generational equity issue (Earmar-Bowers and 
Ward 1995). The mismatch between the overall value 
of the biodiversity resource (very high) and the overall 
effort going into maintaining that resource (very small) 
is becoming a issue.

Biodiversity conservation is small in terms of overall 
budget in Australia. The former biodiversity unit in the 
Commonwealth Government of Australia had a 
budget of $13 million in 1995/6 financial year, about 
the same as the Governor General (the Queen's repre
sentative in Australia). The current picture is confusing 
although it appears that the budget for conservation is 
on the increase.

Three issues to make conservation on highways 
corridors effective

(1) Formal stakeholder cooperation: The work of 
many public utilities and individual stakeholders dam
age biodiversity on transport corridors. Cooperation is 
needed but cooperative management fails unless fair 
and effective arrangements are agreed at the outset. An 
effective arrangement would secure commitment from 
all Stakeholders to work together to achieve 100% bio
diversity conservation. However there are plenty of 
reasons and opportunities to 'free load' on conserva
tion work programs that are run cooperatively, espe
cially for commercial stakeholders.

(2) Management assistance: Managing nearly a mil
lion kilometres of highway corridors to conserve rem
nants of native vegetation and wildlife in perpetuity is 
an immense task. Managers will need a lot of help. Not 
many road authority employees have the training, in
terest and aptitude to manage biodiversity.

New management arrangements should include 
mechanisms to provide mangers with knowledge and 
advice which is specific to sites, times and problems.
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Knowing how to conserve Australia's natural environ
ment is going to take an enormous effort and substan
tial resources. The knowledge needed for this does not 
exist in Australia yet, although there are many dedicated 
workers. The transport industry needs quality and reli
able management information to conserve biodiversity, 
not the cheapest financially. In their own interests, the 
transportation industries should be helping to fimd the 
growth of this knowledge in centres of specialisation.

(3) Timing: Australia needs a management system 
that delivers biodiversity conservation in the long 
term. Therefore the management system must be im
mune to changing personnel and organisations. It must 
be able to execute very long term scientific research and 
secure site management programs in perpetuity. It 
must also be fail-safe.

NATIONAL PROTOCOL SYSTEM 

Description
The author is developing a formal cooperative man
agement arrangement called the National Protocol Sys
tem (NFS) imder contract to Austroads. Austroads is 
the association of state highway authorities in Austra
lia and Transit New Zealand.

The NFS aims to bring all stakeholders into a single 
agreement called the Frotocol Core which contains one 
principal and four operational objectives and seeks 
their commitment to these objectives through documents 
called Frotocol Chapters (Farmar-Bowers 1995a and 
1996). Frotocol chapters are like mini corporate plans. 
They tell people what the corporation is going to do in 
relation to conserving biodiversity during a specific 
period (and what it expects of employees). The proto
col chapters are public documents.

The third part of the NFS is called Management 
Arrangements. We propose to develop pieces of man
agement information for stakeholders that will help 
them implement the commitments they made in their 
protocol chapters. All work rmder this Management Ar
rangements banner will be funded cooperatively by 
stakeholders or/and government. A start has been made 
on this program which has been funded by Austroads.

Six purposes for the National Protocol System
(1) The NFS provides a 'template' that road agencies 

and other stakeholders can adopt and develop to guide 
their work in roadside management. It can be used as 
an objective is an EMS under the ISO 14000 series.

(2) The NFS can provide a mechanism for industries, 
such as the transport industry, to cooperate on a na
tional or regional scale to fund joint programs for mu
tual benefit. These joint programs could involve the 
provision of management information, research, and 
training to assist individual agencies to be efficient and 
effective in biodiversity conservation.

(3) The NFS can also protect investments in specific

locations. Individual stakeholders may spend, on their 
own volition, money and effort in protecting particular 
areas of high biodiversity value. Without a formalised 
agreement between all stakeholders it may be impossi
ble to prevent other stakeholders damaging these areas 
inadvertently in the course of their own work.

(4) The NFS could be the foundation agreement to 
consolidate stakeholders needs for new knowledge. 
Such a consolidation would encourage the develop
ment of new biodiversity conservation technologies (and 
businesses based on these technologies) across all indus
tries. The conservation of biodiversity is of national and 
international concern and a market will develop for qual
ity technologies. Having a management system going 
from early days will ensure that people can get organised 
quickly and develop reliable and effective technolo
gies. The faster this happens the better since less biodi
versity will be lost in the intervening years.

(5) The NFS has the potential to dramatically reduce 
conflict between stakeholders by providing a common 
focus and a mechanism for dialogue and review. The 
NFS opens the management of public highways to 
public scrutiny.

(6 ) The NFS provides a mechanism for sharing infor
mation and research expenditure between highway 
authorities and all other industries and bodies in
volved with conservation of biodiversity.

The objectives of the NFS
The five objectives are set out in Table 1. Collectively 

the objectives are the core of the NFS.
Cooperative management involves the pooling of 

information and free access to it. In a cooperative sys
tem, success depends on the performance of every in
dividual. Failure of one stakeholder to conserve 
biodiversity at a site would reduce the effectiveness of 
all stakeholders associated with that site. Small stake
holders would not be disadvantaged in the NFS as it 
would be in the interests of the larger stakeholders to 
provide information, advice and even material help to

Table 1. The objectives of the National Protocol System

Principal Objective of the Protocol Core (draft):
Protection of biological diversity and maintenance of 
ecological processes and systems on roadsides and in 
adjacent natural ecosystems

Operational Objectives of the Protocol Core (draft):
1. Devise and implement a cooperative management 
system.
2. Develop and disseminate knowledge through the 
cooperative management system

2.1. Document roadside biodiversity
2.2. Document threatening processes
2.3. Improve management information.

3. Involve all stakeholders in biodiversity management 
decisions.
4. Establish independent stakeholder review systems.
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achieve the common goal. The focus in this cooperative 
management system is to develop and apply knowl
edge to achieve long term biodiversity conservation. 
The greater the knowledge base and interacbon be
tween stakeholders the greater the incentives become 
to protect the commonly held and managed biodiver
sity asset. Stakeholders need each others input to make 
the whole system effective and efficient. The stakehold
ers who are involved locally (and in a small way) need 
the results of research and investigations that larger, 
nationally based stakeholders can undertake. In turn, 
the regionally and nationally based stakeholders need 
the local stakeholders to monitor site conditions and 
provide local knowledge.

In agreeing to these five objectives, the stakeholders 
need to appreciate how their unique contribution will 
have value in the achieving the overall objective. The 
commitment they make in their protocol chapter needs 
to be precise and achievable. It will take some iterations 
before this can be achieved. Stakeholders may attempt 
to achieve too much too soon and get discouraged. For 
each area some form of lead group or agency will be 
needed to pull the NFS into existence. This may be the 
state transport authority or state conservation agency. 
Once in existence, the system will develop its own 
arrangements and its own momentum.

Protocol Chapters
Stakeholders would begin to join the NFS by preparing 
a Frotocol Chapter setting out their agreement to the 
five core objectives and describing how they intend to 
work towards achieving the objectives. Their proposals 
and subsequent site work must be acceptable to their 
peers (other stakeholders).

Operational Objective 4, Establish independent stake
holder review systems is very important as it provides 
quality check points. Before a Frotocol Chapter is ac

cepted in a region is will have to be approved by a peer 
review (other Stakeholders). Some reviewers will come 
form different regions or different states. Once it gets 
past this hurdle and implemented, then its up to the 
local stakeholders to ensure that organisations and in
dividuals live up to the commitments they have made 
in their Frotocol Chapters. Getting these stakeholder 
review systems into operation will provide the adrena
lin for the National Frotocol System.

The NFS would be run, developed and reformed by 
stakeholders themselves. Stakeholders would agree 
administrative arrangements and quality control re
view systems that best suited them.

Management arrangements
Once stakeholders start working on conserving biodi
versity they will be faced a similar range of issues. They 
can use the NFS to cooperatively address these issues. 
It is more efficient to work together to solve common 
problems, than to fight over competing "solutions". It 
may also be more effective. To start this process going, 
the author has a list of items under the heading of 
Management Arrangements (Table 2).

The NFS could be used to organise biodiversity con
servation in any situation where several stakeholders 
are involved and need to cooperate to be successful. 
For instance the NFS would be useful for managing 
biodiversity in wetlands and river systems (riparian 
lands as well as aquatic flora and fauna).

PROGRESS TO DATE

This program commenced by the author in May 1995 
in response to the Draft National Biodiversity Strategy. 
The NFS was devised and written up by June 1995. The 
NFS was workshopped during 1996 in Brisbane 
(Queensland) and in Hobart (Tasmania). The work-

Table 2. Management arrangements: cooperative work under the National Protocol System

Item Description Output

Information system GlS-based management information, including 
stakeholders' names and their Protocol Chapters

Working Document (WD): drafted

Jurisdiction surety legal responsibility for biodiversity Manual: Environmental Law A Road Reserves-. 
Bates in press

Decision process enhancing the human element in environmental 
decision making

Humphries 1996

Funding how to fund the System

Getting started understanding the NPS, warts and all so you can explain it to others

Site management* all the scientific management information we need McRobert 1996

’Site management is a huge topic covering every aspect of maintaining biodiversity in perpetuity. However we are starting by looking 
at how roads are drained and aim to produce a manual entitled Draining Roads and Maintaining Biodiversity in late 1997.



Implementing The National Protocol System Down-Under 379

shops confirmed the relevance and appropriateness of 
the NFS for dealing with biodiversity conservation on 
highways but showed that its presentation had to be 
improved. Unfortunately the follow through discus
sions and implementation were hampered by illness.

By March 1997, the program was partly back on 
track. By June 1997, workshops will have been held in 
Sydney (New South Wales), Perth (Western Australia), 
Hobart (Tasmania), Adelaide (South Australia) and in 
Cairns (Queensland). The first of the two workshop in 
Sydney will focus on the legal aspects of biodiversity 
conservation on Highways. The workshop will launch 
Dr Bates's Manual on environmental law which has 
been prepared as a contribution under the 'manage
ment arrangement' heading of the NFS. The workshop 
in Hobart will focus on implementing the NFS in the 
world heritage area in Tasmania. The Department of 
Transport in Tasmania are also proposing to imple
ment the NFS in the Midlands of Tasmania by the end 
of 1997. These two Tasmanian trials will be partly 
funded by Austroads.

The additional work under 'management arrange
ments' is unlikely to be funded by the transport indus
try which is a significant set back to the program. Four 
studies were to be conducted and funded jointly with 
federal agencies and an NGO. The proposed Manual 
on 'Biodiversity Conservation and Road Drainage' 
scheduled for completion in 1997 will have to be 
shelved when Austroads funding ends in June 1997. 
Funding from Austroads for development and promo
tion of the NFS is also scheduled to stop in June 1997 
except for the two trials in Tasmania.

Most highway agencies have programs dealing with 
roadside vegetation already and they increasingly con
tract out management and spraying programs to pri
vate firms. Down-sizing in road authorities has also 
reduce the time staff can have for longer term issues 
whatever their significance. Many agencies have taken 
the new emphasis on biodiversity and information on 
the NFS as a criticism of current vegetation control 
programs and have dismissed the NFS as being unnec
essary even irrelevant. Apparent top level approval for 
biodiversity conservation and sustainable develop
ment have not translated well into actions. However 
the ideas in the NFS are out and getting serious consid
eration by many stakeholders and people interested in 
biodiversity conservation management.

CONCLUSIONS

(1) There are strong and growing, legal and political 
reasons for road infrastructure managers to conserve 
biodiversity.

(2) There are also common sense reasons to conserve 
biodiversity (maintain Social Capital).

(3) A.formal management system is required to en
sure management agreements are honoured by all 
stakeholders.

(4) A cooperative management arrangements in
volving all stakeholders would be effective and may 
also be the most economical in the long term.

(5) The NFS is a formal cooperative management 
system and would be an appropriate management ar
rangement for biodiversity conservation on highways. 
However the NFS has three fundamental flaws that are 
inhibiting its uptake by stakeholders:

(a) Long term planning: The NFS requires long term 
planning. To conserve biodiversity 100% will require a 
fail-safe process able to survive changes in management, 
staff and changes in political views. It will also be depend
ent on the development and application of an increasing 
body of knowledge; long lived institutions are needed 
for this. Long term planning is something most of us 
never do. So imfortunately the NFS relies on managers 
having skills that hardly exist in the community.

(b) Co-operation: The NFS is all about cooperation. 
It is not possible for each agency involved with road 
reserves to develop the necessary expertise to do a 
decent job nor do they have the authority to make 
decisions stick with other stakeholders. Without coop
eration and goodwill biodiversity conservation may be 
impossible. Cooperation at the best of times is difficult 
because managers have to 'give away' some of their 
power to the people they want to cooperate with (there 
has to be something in it for all parties concerned). To 
do this requires that the managers have to want the 
outcome more than they want to preserve their own 
status in the short term. 'Cooperation' is not a common 
skill in Australia and the direction being pursued in 
our society today is away from cooperation towards 
competition. Unfortunately the NFS relies for its effec
tiveness, on a dramatic improvement in people's abil
ity to cooperate.

(c) Local control: Biodiversity in Australia cannot be 
achieved from Canberra or Sydney. It has to be 
achieved at a local level. A national perspective is 
needed but only people living nearby can monitor 
events, keep records and organise the unique manage
ment necessary to achieve the maintenance of biodiver
sity on road reserves. Local interference in highway 
planning for maintenance and construction is not wel
comed by centralised transportation agencies. Local 
consultation is one thing, but control is quite another. 
Unfortunately the National Protocol System relies to a 
large degree, on local stakeholders to manage, monitor 
and organise the conservation of biodiversity (with 
help from specialists and information from a state or 
national level). It is interesting to note that Participation 
is a fundamental need for people, so allowing people to 
participate is a step towards achieving one of the objec
tives of sustainable development. Ferhaps participa
tion could be made into a sustainable development 
performance criteria for the transportation industry 
(Max-Neef 1991, Farmar-Bowers 1994).

(6 ) The NFS may be too far in advance of current 
environmental management and instead of becoming
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a goal, something to go for, it may become a reason for 
them to withdraw. The NFS embodies the cutting edge 
of a number of new technologies. There is enough new 
technology in the NFS to put fear in even the most 
hardened technologist.

(7) The NFS provides a dilemma for management.
(a) Choice 1: If they apply the NFS they have to rely 

on three management practices that are weak or out of 
favour in Australia, (long term plarming, cooperation 
and local control) and they have to forego some their 
discretionary power to participate in cooperation. 
However, if they do use the NFS, they would still be 
involved and still be influential. In addition they will be 
getting community approval for being effective.

(b) Choice 2: Alternatively, if they do not progress 
the NFS, biodiversity conservation will default to com
mercial consultants and these commercial firms will 
capture the knowledge base. Eventually this knowl
edge will ensure that the effective power will be in the 
hands of large consulting firms. The managers cur
rently in power will be sidelined as 'customers'. So 
managers have to choose: (a) to lose some of their 
power now through cooperative ventures and become 
effective, or (b) hold onto all their power until they 
eventually become just customers and the providers have 
the real power. Choice 2 is initially more attractive but 
may not lead to the conservation of biodiversity; be
cause biodiversity conservation would be the subject 
matter for the operation of the market not its objective. 
(The purpose of the market would not be biodiversity 
conservation.) The providers focus would be market 
power and profit. The customers focus would be to 
minimise their expense and stay in business.

(8 ) The NFS is less than two years old and needs to 
be promoted more with infrastructure managers and 
conservation groups. This may occur through the suc
cess of the two proposed trails in Tasmania.

(9) The work being done under management ar
rangements should be helpful to stakeholders even if 
they opt to follow their own biodiversity management 
arrangements.

(10) The NFS provides a contexts for many existing 
conservation programs. Feople have been able to see 
how their work fits into the NFS and therefore been 
able to relate their work to other programs.

(11) Maybe stakeholders in Australia are not yet 
ready for the NFS but the ideas are out and sufficient 
people have seen merit in them to ensure that the some 
form of formalised cooperative management system 
will continue to be discussed even though the commer
cial option of customers using independent consultants 
may be easier. The author hopes society will put con
servation effectiveness before ease and profit.

SUMMARY

A large but as yet unquantified proportion of Austra
lia's biodiversity occurs on transport corridors. Road

reserves may be Australia's most diverse but least pro
tected biodiversity reserve. Current environmental 
management practices for road reserves are improving 
but they do not appear to have the comprehensiveness 
needed to achieve 1 0 0 % biodiversity rhaintenance.

A formal cooperative management system known 
as the National Protocol System (NFS) was devised by 
the author in 1995. The NFS could be used by road 
authorities as a guide for setting up new biodiversity 
management arrangements that involve all stakehold
ers. The NFS also provides a focus for the Transport 
Industry to undertake joint research on biodiversity.

The NFS will be trialed in two regions by the Tasma
nian Department of Transport in 1997. A number of 
studies addressing issue of common interest are being 
undertaken under the banner of Management Arrange
ments in the NFS.

The NFS has three fundamental flaws, it requires (1) 
long term planning, (2) cooperation and (3) gives sub
stantial control to local people and groups. In addition 
it will take managers out of their comfort zones to the 
cutting edge of a number of technologies. The NFS may 
be too far ahead of current management practice and 
capability to be readily adopted. Relying on environ
mental consultants may be more attractive to road 
authorities than using the NFS in the short term. The 
ideas in the NFS have stirred considerable interest but 
the NFS needs to be promoted with stakeholders be
fore it will be accepted.
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Right-Of-Way Management and Habitat 
Fragmentation: An Integrai Approach with 
the Spatiai Concept of the Traffic Caimed

Rurai Area

Catharinus Freerk (Rinus) Jaarsma and Frank van Langevelde

Habitat fragmentation is one of the harmful effects of the road network and its traffic flows. Much 
attention to this problem focuses on major roads. However, the 80-90%  of the overall stock 
representing M inor Rural Roads (MRRs) also has important impacts on species and their habitat. 
Growing traffic volumes increase these problems. To serve both accessibility and a sustainable 
environment, the spatial concept Traffic Calmed Rural Area (TCRA) is developed. This concept 
starts with the desired spatial function of the rural area. Besides the needs of people, the needs of 
nature are considered. For MRRs (the network of mainly local collector and access roads), the 
residence functions of the region (for inhabitants, recreationists, local flora and fauna) will be 
stressed, not the flow function for through traffic. The underlying idea is a clear separation between 
space for living and staying and space for traffic flows. The concept will result in a reorganisation 
of traffic flows. Present diffuse volumes at the MRRs will be concentrated at a few trunk roads. 
Traffic volumes and speeds within the region will decrease. In three case studies, several impacts 
of the TCRA (on volumes, accessibility and environment) are calculated. These cases emphasize the 
possibilities of the TCRA to mitigate habitat fragmentation and to enable a sustainable rural 
development.

Keywords: Habitat fragmentation, traffic calming, minor rural roads, rural traffic planning, safety, 
livability

INTRODUCTION

Protection of biodiversity and sustainable develop
ment are especially important as national goals in 
many countries. Habitat fragmentation, to be defined 
as the loss and dissection of habitats and ecosystems by 
human activities (Canters and Cuperus 1995), is a 
growing problem in this context. Beside agriculture 
and urbanization, infrastructure and its traffic flows 
are principal causes of habitat fragmentation. There
fore, fragmentation effects and defragmentation meas
ures should be considered by the right-of-way 
managemenf in rural road planning. Until now, this 
attention focuses especially on motorways and other 
major roads (cf. van Bohemen 1995). However, these 
high quality trunk roads represent only 1 0  to 2 0  per 
cent of the overall stock (OECD 1986). The remainder 
of the network is called Low Traffic Roads or Minor

Rural Roads (MRRs). It is apparent that these MRRs 
also have impacts on species and their habitat (van 
Langevelde and Jaarsma 1997).

MRRs "are mainly local collector and access roads 
but might also be of a higher road class" (OECD 1986). 
Beside these functional criteria, a volume criterion is 
given: daily averages up to 1,500 (in exceptional cases: 
2,000) vehicles. An important traffic characteristic of 
MRRs is the mixed composition by mode. Heavy and 
light vehicles, slow and fast vehicles occur together. 
Also pedestrians use MRRs, for activities such as walk
ing and jogging. By this mixed use, large differences in 
speeds appear, with extremes of less than 5 km h“' for 
pedestrians and up to 1 0 0  km h“  ̂or even more for cars 
(Jaarsma and van Langevelde 1996). However, most 
MRRs are one lane roads with restricted pavement width. 
So, it is not surprisingly, that MRRs have higher accident 
rates (expressed in accidents per vehicle kilometre) than
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roads designed to carry higher volumes (OECD 1986). 
In The Netherlands, the accident rate on MRRs is about 
five times larger than on trunk roads (Nieuwhof and 
Michels 1983, Jaarsma 1991).

The traditional approach to these problems of rural 
opening-up is a planning for MRRs, based on economi
cal and social considerations (OECD 1986). To guaran
tee accessibility for the growing multiple use of rural 
areas, an integral approach of minor and major roads is 
needed (Hawkins and Hat 1988). Kirchhoff, Hessel and 
Hacker (1996) advocate that this also holds for rural 
outdoor recreational activities, such as walking, jog
ging, cycling and driving for pleasure. In this paper we 
elaborate the idea that basically the unsafety problems 
(Jaarsma, 1994) and the environmental problems 
should be solved at a regional scale (van Langevelde 
and Jaarsma 1997). Such an integral approach includes 
weighting of accessibility benefits against traffic dis- 
benefits. As an idea for such an integral planning in the 
Netherlands the spatial concept of the Traffic Calmed 
Rural Area (TCRA) is developed (Jaarsma and van 
Langevelde 1996).

The objective of this paper is to investigate the balance 
in right-of-way planning between accessibility and habi
tat fragmentation. The question will be addressed to what 
extent a planning approach based on the spatial concept 
TCRA facilitates rural opening-up, protecting the envi
ronment and a sustainable development.

TRAFFIC ON MRRs AND ENVIRONMENTAL 
PROBLEMS

Most countries show a considerable growth of traffic 
volumes. In The Netherlands, average volumes outside 
built-up areas doubled between 1970 and 1990. Recent 
data per road category from the Dutch Statistical Office 
even show the largest growth rate for MRRs. Probably, 
the growing congestion on motorways is an explana
tion for this phenomenon (Jaarsma and van 
Langevelde 1996). For the United Kingdom, Stokes 
(1991) foresees that "traffic levels will rise dramatically 
in the countryside" between 1988 and 2025. On many 
MRRs capacity limits already appear. This enlarges the 
safety problems, especially for pedestrians and cyclists. 
Further, a declining livability for residents (annoyance, 
emissions) and an increasing habitat fragmentation for 
the fauna are inseparable from growing motorized traf
fic flows (Jaarsma 1996).

Four adverse effects of roads on species can be con
sidered (after van der Fluit, Cuperus and Canters 
1990): (1) destruction or alteration of habitat due to 
construction works, (2 ) physical barriers created by 
roads (increased resistance for movements), (3) distur
bance of habitat along the roads (noise, vibrations, car 
visibility, etc.), (4) barriers by traffic (collision chance 
during crossing). The first two effects are related to the 
road itself: the larger the road, the larger the effect. For

comparisons between roads, the clearance (Oxley, Fen
ton and Carmody 1974) and/or the width of pavement 
appear suitable measures. Both other effects are di
rectly related to traffic volumes. Although disturbance 
includes more stimuli (Van der Zande, ter Keurs and 
van der Weijden 1980), the zone of disturbance may be 
estimated by a noise contour line, for example the 35 or 
50 dB contour. Noise emission by car traffic is a causing 
factor for loss of habitat quality, for example for birds 
(Reijnen and Foppen 1994). To approach the barrier 
effect by traffic for larger mammals, the number of 
individuals killed by traffic (the mortality effect) is 
proposed. For this purpose, van Eupen and van der 
Veen (1995) developed a model for the probability of 
successful road crossing for a species. This traversabil- 
ity model is based on the assumption that a road cross
ing of an animal is successful, if an 'acceptable' gap in 
the traffic flow appears at the start of the crossing. A 
crossing during a smaller gap results in a collision, 
since an animal and a vehicle are at the same place at 
the same moment. The probability of gaps with a cer
tain duration in a traffic flow is commonly based on the 
assumption of a Poisson distributed process. This 
probability only depends on the volumes. Crossing 
time depends on body size and traversing speed of the 
species and on the pavement width of the road. Van 
Langevelde and Jaarsma (1997) discuss the application 
of this model. They prefer a usage of the model for 
estimating the relative change of the traversability due 
to mitigating measures. The formulae applied are sum
marized in the Appendix.

For the role of MRRs in habitat fragmentation, few 
quantitative data are available. For the period 1960- 
1983, Berendsen (1986) made a classification of traffic 
kills for the badger (Meles meles) based on type of road. 
He found 8 % of collisions concern motorways, 22% 
other trunk roads, 16% cent major roads and 54% 
MRRs. Derckx (1995) classifies recent data (1990-1994) 
by level of management (national, provincial or mu
nicipal road). With municipal roads considered to be 
MRRs, these data show similar percentages for MRRs. 
They also show a growing number of traffic kills (Table 
1). Despite fen cin g  and tu n n elin g  of motorways, the 
mortality effect of national roads (motorways and 
roads with limited access) is increasing. Among bam-

Table 1. Traffic kills for the badger {Meles meles) in the 
Netherlands by type of road (classification by management), 

1990-1994

Road type 1990 1991 1992 1993 1994

National roads' (%) 1 2 1 2 17 17 16
Provincial roads (%) 38 35 32 28 34
Municipal roads (MRRs) (%) 50 53 51 55 50
Total traffic kills 214 274 277 315 296

1. Including both motorways and roads with limited access. 
Data elaborated from Derckx (1995).
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owls (Tyto alba), about 23% of traffic kills take place on 
MRRs (van den Tempel 1993). Probably, the role of 
MRRs in habitat fragmentation is substantial. It is true, 
MRRs are relatively small, so that their presence acts 
less frequently as a physical barrier. Further, their 
zones of disturbance are smaller. But on the contrary, 
the mesh size of MRRs is small. Many MRRs show 
considerable diffuse flows, spread all over the rural 
area. Therefore, the zones of disturbance may cover 
even larger acreages than zones of major roads. Since 
noise levels are ruled by a logarithmic relationship 
with volumes, a concentration of traffic flows on a few 
roads will decrease the overall level in an area.

reorganization of traffic flows (Jaarsma and van 
Langevelde 1996):
-  diffuse volumes at the MRRs will be concentrated at 

a few tnmk roads;
-  traffic flows at MRRs are rural bound (origin and/or 

destination along a MRR);
-  volumes and speeds within the region will decrease. 

It is expected, that such a reorganisation will both
counter traffic unsafety and promote residential liv- 
abiUty and habitat de-fragmentation within the region.

CASE STUDIES

TRAFFIC CALMED RURAL AREAS: A SPATIAL 
CONCEPT

"Traffic calming refers to the adaption of existing road 
layouts in order to reduce the speed of vehicles travel
ling through areas where they are likely to come into 
conflict with other road users" (Macpherson 1993). 
This approach focuses on speed reduction, for example 
by speed humps (Bulpitt 1995). However, traffic calm
ing in built-up areas may be a much wider idea. This is 
developed in the Dutch concept 'woonerf' in the 1970s, 
followed by the German 'Verkehrsberuhiging' in the 
1980s (Vermeulen 1994). The basic principle is an inte
gration of traffic in residential areas. This integration 
takes place based on priority being given to the needs 
of people, rather than to the needs of traffic.

The concept of the TCRA transfers these wider ideas 
on traffic calming from built-up areas to the rural area. 
Beside the needs of people, the needs of nature are 
considered (Jaarsma and van Langevelde 1996). 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. 
Starting point should be the desired spatial function of 
the rural area, not the appearing traffic flows. Lfsually, 
the residence functions will be stressed, not the flow 
functions for through traffic. "So, within the region 
roads will mainly have an access function, with a be
longing (modest) technical layout. The region is sur
rounded and accessible by rural highways, with a flow 
function" (Jaarsma 1996).

Based on these ideas, several regional plans are de
veloped. The planning procedure starts with a problem 
definition. Next, the desired functions to the links of 
the network are assigned. With a traffic model volumes 
per link are forecasted. Based on these prognoses, ef
fects on traffic performance and road safety are calcu
lated. Further, impacts on livability (approached by 
noise level) and on the barrier effect (approached by 
the collision chance, see Appendix) are estimated.

This approach of the TCRA holds a fundamental 
change in rural transportation planning: from follow
ing actual traffic flows to regulation of it. It results in a

Introduction
In 1989, a preliminary exercise with a TCRA is publish
ed (Jaarsma and Michels 1989). It applies to the Binnen- 
veld, a rural area suffering from rat run traffic. In 1995, 
two studies followed. In one case, the coastal zone of 
Zealand Flanders, heavy recreational flows conflict 
with nature conservation (Jaarsma and Baltjes 1995). 
The other case, Gerdyksterwei, is a MRR with a high 
technical standard, conflicting with the ecological net
work and nature conservation (van Eupen and van der 
Veen 1995). In these cases, the problem definition, de 
proposed interventions, the expected volumes and the 
effects of the interventions are presented.

The Binnenveld region
The Binnenveld region is a grassland area, situated 
between four towns: Ede, Wageningen, Rhenen and 
Veenendaal (Fig. 1). These towns are connected by a 
tangential system of major roads. The national east- 
west motorway A12 connects Ede and Veenendaal. 
There are provincial major roads between Ede and 
Wageningen, Wageningen and Rhenen and Rhenen 
and Veenendaal. For agricultural opening-up, a dense 
network of MRRs is present within this framework of 
major roads. Since they supply a shorter cormection, 
especially for diagonal trips, several MRRs are abused 
by rat run traffic. Percentages of through traffic are 
high (Fig. 1). Unfavorable safety figures and damage to 
road construction and verges result from the high vol
umes on these roads.

Here, the idea of traffic calming implies a closure of 
the MRRs for through traffic, by legal or physical meas
ures (cf. CROW 1989). Jaarsma and Michels (1989) cal
culated the impacts of a deviation of rat run traffic from 
the MRRs. First, traffic flow changes resulting from the 
proposed measures are determined for the relevant 
road sections. From this, the effects upon traffic per
formance (h-4%), travel time (+5%), road safety (slightly 
negative), safety on crossings (slightly positive), en
ergy consumption (+4%) and traffic noise are quanti
fied. It is assumed that the impacts on habitat 
fragmentation may be estimated by the acreage of 
zones alongside the roads where the noise level is 
above 35 dB. For most MRRs this zone decreases with
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Fig. 1. The Binnenveld region.

100 to 200 m. The increase alongside major roads is 
smaller: only 50 to 100 m. As a result, the acreage with 
a level above 35 dB decreases with about 2%.

Zealand Flanders
In the coastal region of the western part of Zealand 
Flanders (Fig. 2) conflicts arise between outdoor recrea
tion, nature and agriculture. Motorized recreational 
traffic flows to the beaches decide the desired road 
layout. The main access road is a provincial road

(N675), on a few kilometres parallel to the coast. It 
connects the villages with the national road (N58) to 
the ferry harbour near Breskens. However, flows are 
diffuse (Fig. 3). Especially, a considerable flow appears 
on the MRRs alongside the coastal dunes. This frus
trates both recreational and nature development in the 
coastal zone.

As a solution to this problem. Fig. 2 suggests a lobate 
structure. It makes a distinction between more 
crowded and less crowded coastal zones. Here, traffic
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Fig. 2. Scheme of the lobate structure with opening up by "slagen", as indicated in the provincial physical plan Qaarsma and
Baltjes 1995).

Fig. 3. Traffic volumes, as calculated for the autonomous development Qaarsma and Baltjes 1995).

calming holds a low priority to the needs of traffic in 
the less crowded zones. The opening-up is coordinated 
with this principle by means of a so-called "slagen" 
structure, i.e., cormections between the provincial ma
jor road (N675) and the beaches. These "slagen" are 
ending in a blind alley at the coast. They are situated in 
the crowded zones. Jaarsma and Baltjes (1995) investigate 
two to five alternative locations for each of the "slagen,"

connecting the four villages (Breskens/Groede, Nieu- 
wvliet, Cadzand and Retranchement) with the coast. 
They calculate traffic volumes and their impacts for 
these alternative network solutions (Table 2). In com
parison with the so-called autonomous development 
in Fig. 3, most of the alternatives produce more mo- 
torvehicle kilometres. ITowever, by the concentration of 
traffic on the restricted number of "slagen", remaining
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Table 2. Effects for alternative locations (A...E) for the "slagen" connecting the four villages with the coast

"Slagen" to / 
effects on

Autonomous
development

Alternative

A B C D E

Breskens/Groede
Performance' 1 0 0 119 134 162 154
Safety^ 0.40 0 . 1 0 0 . 1 1 0.13 0 . 1 2

Accessibility''''' 4 3 1 2

Road capacity^ 14.5 0 . 8 0 . 8 2.9 3.1
Traffic noise^ no differences
Nature development^ 2 2 2 2

Nieuwvliet
Performance* 1 0 0 95 78 80 82 84
Safety^ 0.42 0.09 0.08 0.08 0.08 0.09
Accessibility"'^ 1 3 5 2 4
Road capacity" 13.5 4.6 1.5 0.9 3.0 0.9
Traffic noise*’ -3 +3 + 2 -3 -3
Nature development* 1 5 3 5 3

Cadzand
Performance* 1 0 0 103 103
Safety" 0.34 0 . 1 2 0.07
Accessibility"''* 2 4
Road capacity" 9.3 5.0 1.4
Traffic noise" - 1 + 1

Nature development" 4 4

Retranchement
Performance* 1 0 0 1 0 0 1 0 0 137 142
Safety" 0.35 0.09 0.09 0 . 1 0 0 . 1 0

Accessibility"''* 4 2 4 2

Road capacity" 1 0 . 8 5.3 6 . 1 3.1 3.1
Traffic noise" -3 + 2 - 6 +3
Nature development" 1 2 3 4

1 . In percentages; autonomous development = 1 0 0 .
2. Number of traffic kills (based on accident rates per type of road).
3. Relative, 1 = worst and 4 (or 5) = best solution.
4. Travel time to the beaches and to the major camping sites.
5. Road length (kilometers) where calculated traffic volumes exceed road capacity.
6 . Difference in noise level (dB(A)) for selected road links.
Data elaborated from Jaarsma and Baltjes (1995).

MRRs will have only modest volumes. This favors the 
opportunities for alternative modes, for example rec
reational biking.

With a "slagen" structure, traffic performance 
within the lobates decreases. Traffic flows on the pro
vincial road (N675) increase. Differences between the 
alternatives are considerable. An overall reduction of 
traffic performance of 6 % is possible. However, several 
alternatives include an increase of performance, up to 
60%! Travel times along MRRs increase, because of a 
lower speed limit and the closure of the direct connec
tion along the coast (Jaarsma and Baltjes 1995).

The impacts on habitat fragmentation are not de
fined directly in the study. Both, traffic noise and trav- 
ersability are calculated for residential built-up areas 
only. Alternatives with low traffic volumes on MRRs

near areas reserved for nature and/or nature develop
ment are considered to be favorable. Especially for the 
Nieuwvliet and Retranchement beaches, large differ
ences between the alternatives appear for this aspect.

Gerdyksterwei
The Gerdyksterwei is a former national road, between 
the Frisian villages Gorredijk and Beetsterzwaag (Fig. 
4). Since it is bypassed by the A7 motorway, the 
Gerdyksterwei is a MRR. However, much traffic be
tween Gorredijk and the nearby town of Drachten pre
fers this route above the functional route along the A7. 
Therefore, daily motorvehicle volumes on the Gerdyk
sterwei (4,100) and in the village of Beetsterzwaag 
(5,300) are high, where the motorway carries only 
30,000 motorvehicles. The Gerdyksterwei intersects an
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Fig. 4. The Gerdyksterwei in its regional context.

extended wooded area, which is a core area in the 
Dutch national ecological network. By its high vol
umes, the collision chance for crossing the Gerdykster
wei is considerable for species such as the roe deer 
{Capreolus capreolus), the pine marten {Maries martes) 
and (when re-introduced) the otter {Lutra lutra). Here, 
traffic calming means priority being given to nature, 
not to through traffic.

Van Eupen and van der Veen (1995) compare the 
collision chance for the present situation with the 
autonomous development (-1- 1,000 vehicles in 2005) 
and a planned development, TCRA, without through 
traffic (-2,400 vehicles). In the latter situation, the lower 
volumes allow a reduced road capacity. So, pavement 
width may be reduced from 7 m now to 4 or 5 m. Using 
the formulae for successful road crossing (van Eupen 
and van der Veen 1995), as summarized in the Appen
dix, the impacts for the traversability (van Langevelde 
and Jaarsma 1997) for the Gerdyksterwei are calcu
lated. Table 3 shows the resulting changes in trav
ersability for the roe deer and the otter. (Results for the 
pine marten are not mentioned in the Table; these are 
close to those for the roe deer). For both species, most 
traffic victims fall during the night. Nightly volumes 
are estimated by the assumption of a quarter of the 
daily flow appearing between 7 p.m. and 7 a.m.

If traffic calming on the Gerdyksterwei is realized by 
an effective speed reduction, the travel time between 
Gorredijk and Beetsterzwaag will increase with ap
proximately 45%. However, with a local closure, that

forces local traffic along the A7, this will be 70%. For the 
through relationships Gorredijk-Drachten, differences 
are much smaller. Using the motorway A7 takes about 
4% more time, despite the length of this route is about 
20% longer (van Eupen and van der Veen 1995). Since 
the A7 is located in an open landscape, an increasing 
noise level is a disadvantage. However, this increase is 
only 0.3 dB.

CONCLUSIONS AND DISCUSSION

To provide for peoples needs in the (near) future, the 
rural road network needs further improvements. Si
multaneously, harmful effects of this network and its 
traffic flows affect local people, flora and fauna. Grow
ing traffic volumes increase these problems. So, there is 
a need for a new planning approach, serving interests 
of both accessibility and a sustainable environment.

The spatial concept Traffic Calmed Rural Area 
(TCRA) is developed as a solution to this dilemma. In 
this concept, diffuse flows are concentrated as much as 
possible on a few roads, designed to cope with it. This 
marks two transitions. First, to a road planning in a 
wider perspective, and, second, from planning for road 
links to planning for road networks (Jaarsma 1996).

From three case studies, it is concluded:
-  The TCRA will increase traffic performance and 

travel times. However, for most relationships the 
differences are small: in a range of a few minutes.
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Table 3. Traffic and ecological effects for roe deer (r) and otter (o) for the Gerdyksterwei: actual situation, autonomous
development and four variations in traffic calming

Actual situation Autonomous
development

Traffic calmed variations

1 2 3 4

Pavement width (m) 7 7 7 6 5 4
Volume^ (veh s“’) 2.44x10-2 3.00x10-2 1 .0 0 x 1 0 - 2 1 .0 0 x 1 0 - 2 1 .0 0 x 1 0 - 2 1 .0 0 x 1 0 - 2

P/' 0.981 0.976 0.992 0.993 0.994 0.995
Po'' 0.983 0.979 0.993 0.994 0.995 0.995

AT,/ -24 + 6 6 +70 +74 +78
AT,,/ -24 +66 +71 +75 +79

1. Without reduction of pavement width.
2-A. With reduced pavement width.
5. During the night.
6 . Pr is the probability of successful road crossing for the roe deer, and Po for the otter. The calculation is based on the assumptions (Van 
Eupen and Van der Veen 1995): L, = 1.4 m and Vr = 5.2 m s"'; D, = 1.2 m and Vo = 5.6 m
7. AT; of the autonomous development is the predicted change (%) in mortality effect related to the actual situation, calculated for the 
roe deer and otter. A negative change implies an increase of traffic victims.
AT; of the plaimed traffic calmed variations is the predicted change (%) in mortality effect related to the autonomous development.

-  The TCRA gives a slight increase of the zones of 
disturbance along major roads (50-100 m at maxi
mum). In the face of this, along a much longer length 
of MRRs this zone decreases with 100 to 200 m.

-  Measured by the collision chance, the TCRA consid
erably improves the traversability of MRRs for 
larger mammals.
So, a regional planning approach for the rural road 

network according to the principles of the TCRA, is 
emphasized. It facilitates the management of rights-of- 
way, serving both rural accessibility and the environ
ment. To realize this approach, several legal and 
physical measures are available (CROW 1989). How
ever, commitment on the local level is important. This 
may be complicated, since local inhabitants often have 
different and sometimes conflicting interests. It is the 
task and the responsibility of the planners to involve 
both local inhabitants and local provincial and munici
pal government to weigh one against another and to 
reach consensus on desired functions and belonging 
layout for the links in the road network.
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APPENDIX: FORMULATION OF TRAVERSABILITY

The formulae for successful road crossing of animals 
are discussed by van Langevelde and Jaarsma (1997). 
The composing parts are summarized here.

First, the time C needed for a road crossing can be 
calculated from:

C =
(B +  U)

V, ( 1)

where B is the pavement width of the road, Li is the 
body size of the species i (measured from snout to tail 
tip) and Vj is the traversing speed of the species i. If the 
road has two lanes, for both lanes V̂ C seconds are 
needed.

Next, the theoretical probability P, of successful two- 
lane road crossing for a species i is viewed as the 
probability of a gap of V̂ C in the first lane, directly 
followed by an equal gap in the second lane. This 
probability only depends on the volumes; it can be 
formulated in a decreasing exponential function, writ
ten as

p. —  g ( - > .  ■ 'AC) (2)

where X is the decisive traffic volume of the two lane 
road. The decisive volume refers to the volumes at the 
periods of the day or season which corresponds to the 
species' period of movement (foraging, dispersal, etc.).

Third, the results from equation (2) are used to esti
mate the relative change of the traversability AT; due to 
mitigating measures, written as

P , 2 - P j . lATi =
Fi,opt -  P i , l

xlOO (3)

where parameter P , 4  is the chance of successful road 
crossing in the actual situation, and P , ,2  for the planned 
development with width 0 2  and traffic volume X2. The 
relative change of the traversability AT, is calculated 
with regard to the optimum situation {Pi,opt = !)• A 
decrease of X and/or B will result in an increase of Pi, 
and, therefore, in an increase of AT,. Due to the species- 
specific Vi and L„ the effects of changing B and X, and 
AT, differ between species.
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Effects of the Transmission System on
Biodiversity in Sweden

Lasse Kylakorpi and Sture Gardenas

Since the end of the 19th century, the total area of managed grassland (meadows and pastures) in 
Sweden has decreased from two million to less than 0.5 million ha. This change of land use has been 
recognized as a major threat to biodiversity, accounting for some 1000 species being placed on the 
official red list. During the same period, some 450,000 km of power line rights-of-way (ROW) has 
been created, covering a total area of about 0.3 million ha of open land. To secure biodiversity and 
cultural amenities, the Swedish government will spend the equivalent of 65 million US$ per year 
for the maintenance of about 370,000 ha of managed grassland. However, ROWs can provide 
complementary habitats for species hampered by the loss of managed grasslands. During 1996, 
Vattenfall, together with Svenska Kraftnat and Goteborg Energi, performed a life-cycle-assessment 
(LCA) on the distribution system of electricity. This paper focuses on the effects on the physical 
environment and biodiversity found in the study. The results indicate that ROW in Sweden have 
the capacity to influence biodiversity in a positive way. The maintenance of these relatively vast 
areas appear to favour those species normally dependent of traditional grassland management. 
Several of those species hampered by loss of grasslands have been found in ROWs in Sweden. 
There are also negative impacts, mainly related to bird collisions and pole materials, but these 
appear to be less significant than the positive effects.

Keywords- Transmission line, rights-of-way, ROW, Life-cycle-assessment, biodiversity, endangered 
species, grassland, dispersal corridors

INTRODUCTION

The structural change of the Swedish agricultural 
landscape
The agricultural era in Sweden began some 6,000 years 
ago. Habitats created as a result of fodder-production 
became significant 2,500 years ago, mainly because 
more manure from the livestock was needed to in
crease the crop production. This agricultural land use 
created a landscape, characterized by small-scale farm
ing with numerous grassland plots interspersed with 
coppices of forest and wetland patches, forming a mosaic 
of different habitat types within small distance. These 
grazed or mown grasslands dominated the agricultural 
landscape in Sweden until the 1950s (Lennartsson and 
Svensson 1995).

Since the end of the 19th century, much of this land 
use has changed, mainly as a result of modem agricul
tural practices. Small farms have been amalgamated, 
cultivation hindrances have been removed and not the

least, fertilizers have complemented manure. As a con
sequence, less land is needed for both grain production 
and cattle feeding. Thereby, the total area of managed 
grassland (meadows and pastures) in Sweden has de
creased from two million to less than 0.5 million ha 
today (SCB 1996).

Of the remaining grasslands, less than 350,000 ha are 
unfertilized and regularly managed. Fewer than 4,000 
ha of the most valuable hay producing (mown) grass
lands are still in use (SCB 1996). These grasslands are 
considered one of the most diverse habitats in Sweden, 
with up to 40-50 different vascular plant species per 
square meter (Eknert 1995). The decrease of managed 
grasslands has been recognized as one of the major 
threats to biodiversity in Sweden, accounting for some 
1 , 0 0 0  species being placed on the national list of threat
ened species (the red list) (Naturvardsverket 1994). 
Altogether, more than 1,500 species in the agricultural 
landscape of Sweden are now found registered on the 
red list (Table 1) (Eknert 1995).
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Table 1. Threatened species by threat category in the agricultural 
landscape in Sweden (0 = Extinct, 1 = Endangered, 2 = 
Vulnerable, 3 = Rare and 4 = Care demanding) (compiled from

Eknert 1995)

Type of 
organism

Threat category Total 
no. of 
species0 1 2 3 4

Vertebrates 6 7 13 2 27 55
Invertebrates 63 88 259 101 357 868
Vascular plants 24 70 80 58 73 305
Bryophytes 9 4 9 25 7 54
Macrofungi 2 33 37 37 64 173
Lichens 5 22 32 4 21 84

Total 109 224 430 227 549 1539

To preserve both natural and cultural amenities, the 
Swedish government, partly financed by environ
mental subsidies from the European Union (EU), will 
spend the equivalent of about 65 million US$ per year 
on maintenance of 370,000 ha of meadows and pas
tures (SCB 1996).

The Swedish power industry has also contributed to 
the changing of the landscape. Perhaps the most obvi
ous influence is caused by ROWs. Such corridors re
quire a total length of 450,000 km, covering an area of 
300,000 ha (SNV 1993a), that has to be managed and 
kept free from high-growing vegetation.

Life cycle assessment (LCA)
The power industry in Sweden, as well as other societal 
sectors, has realized the need of evaluating, analyzing 
and improving the environmental performance within all 
activities of their field. One of the most comprehensive 
methods of evaluating its specific impact, is by using life 
cycle assessment (LCA). Correctly performed, LCA pro
vides a thorough and accurate tool by which a product's 
or service's environmental load, energy and resource use, 
during its fuU life cycle can be mapped and evaluated.

During 1996, Vattenfall — Sweden's largest pro
ducer and distributor of electricity —■ performed an 
LCA on the distribution system of electricity. The 
study, which was a cooperation with Svenska Kraftnat 
and Goteborg Energi, two major companies responsi
ble for the transmission and purchase of electricity, 
embraced only the inventory and classification parts.

In this paper we discuss the effects on biodiversity 
found in the LCA study, and we also suggest methods 
to minimize the disadvantages and to maximize the 
positive effects of ROWs on biodiversity.

METHODS

The LCA followed the guidelines of SETAC (Society of 
Environmental Toxicology and Chemistry) (Lindfors et 
al. 1995). According to the guidelines, one out of 13 effect 
categories in the classification procedure is biodiversity.

Since the aim of the LCA was to map the total environ
mental load of the distribution system, the effect on 
biodiversity was considered important to describe.

There is as yet no consistent definition or generally 
accepted method of quantifying biodiversity, and even 
less to quantify effects on biodiversity (e.g., Mormi and 
Lankinen 1995). On the basis of available data from 
studies undertaken in Sweden, we tried to make quali
tative evaluations of both positive and negative effects 
on biodiversity that are likely to occur on transmission 
line ROWs.

A land use analysis of five stretches of ROW in 
Uppland (a region north of Stockholm) (60°N 18°E) 
was performed (Cardenas et al. 1996). The study em
braced the electricity pathway from the main 400 kV- 
grid, via 220, 70 and 20 kV to the 10 kV local grid. The 
studied cables are overhead, except for the 10 kV-trans- 
mission which is an imderground cable.

RESULTS

ROW land use
The land use analysis shows that 8 6 % of the area occu
pied by the transmission line is located in the forest 
(Table 2). Even though forest is the dominant category, 
the forest pathway of the transmission line alters with 
passages through open areas. This means that there is 
a potential connection between the different open land 
categories, i.e., field, pasture and bog. This is important 
when discussing the proposed potential of ROWs as 
dispersal corridors. Over the total distance of 138 km, 
the power line crosses 48 open areas, giving an average 
distance between open areas along the pathway of 
2.9 km.

Biodiversity and electricity transmission; threats

Bird collisions
The transmission system, or more specifically power 
lines and transformers, can have negative effects on 
biodiversity, especially on various bird species. Accord
ing to ArtDatabanken, the institution in charge of the 
Swedish official redlist, four bird species are endangered 
partly due to collisions with transmission lines and/or 
contact with transformers (Ahlen and Tjemberg 1996) 
(Table 3). However, there are relatively simple aids to 
reduce bird collisions with power lines. Tests with wire 
markers have been shown to decrease bird mortality 
(e.g. Alonso et al. 1994, Brown and Drewien 1995).

Habitat fragmentation
Open areas cutting through forests can cause negative 
effects on biodiversity by reducing dispersal of forest 
species, and thus causing fragmentation of valuable 
forest habitats and reducing population sizes. Such 
regional effects can also be induced by the establish
ment of ROWs (Monni and Lankinen 1995).
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Table 2. Results of the land use analysis of the five ROW stretches

400 kV 220 kV 70 kV 20 kV 10 kV* Total Share (%)

Length (km) 51.6 31.4 47.0 7.6 4.5 140.1
Width (m) 46 40 30 10 - - -

Forest (ha) 223.1 110 103.5 5 441.6 86.3
Field (ha) 9.2 8.8 22.5 2.4 - 42.9 8.4
Pasture (ha) 0 0.8 8.4 0 ~ 9.2 1.8
Bog (ha) 1.8 0.8 0 0 - 2.6 0.5
Imp. (ha) 3.2 5.2 6.6 0.2 ~ 15.2 3.0
No. of poles 160 255 286 108 - 809 -
Average distance (m) between poles 322 123 164 70 - 170 -
No. of open areas on the stretch 8 9 23 8 - 48 -
Average distance (km) between open areas 5.8 1.8 1.4 0.6 2.9

‘The 10 kV-line is an underground cable. 
-Not applicable.

Table 3. Threat category, degree of threat and number of 
additional threats for those four bird species put on the official 
red list, partly due to mortality from collision with transmission 
lines and/or contact with transformer units (compiled from 

Ahlto and Tjemberg 1996)

Species Threat
category

Degree
of
threat*

No. of
additional
threats

Otis tarda (Great 
bustard)

Extinct 1 2

Ciconia ciconia 
(White stork)

Extinct 2 6

Bubo bubo (Eagle 
owl)

Vulnerable 2 6

Strix nebulosa 
(Great grey owl)

Care demanding 2 6

*1 = Important ongoing threat; 2 = less important ongoing or 
potential future threat.

Pole materials

Creosote
Creosote has been used to prevent rotting of wood 

in Sweden since the beginning of this century. The 
poles in the Swedish distribution system contain an 
average of 135 kg creosote/m^ wood (Bergqvist and 
Hoknroos 1994). An average pole has a volume of 0.3 
m̂  and thus contains approximately 45 kg of creosote. 
Studies has indicated that the creosote does not spread 
far from the poles in the ground (Bergqvist and Holm- 
roos 1994). The volume of contaminated soil has been 
estimated at approximately 0 . 1  m  ̂per pole.

Arsenic
The most common salt impregnation substance is 

CCA, type K-33 (Bard and Tapper 1989), which is a 
mixture of copper, chrome and arsenic salts. Theoreti
cal calculations indicate that at most 15% of the arsenic

in the pole can leak out, which means that some 0.5 m̂  
of soil per pole may become contaminated.

Soil-living organisms are negatively affected by ar
senic-pollution in the soil (Bard and Tapper 1989). At 
arsenic levels exceeding 150 mg/kg soil, the amount of 
bacteria, fimgi and worms decrease (Bard and Tapper 
1989). Such high levels have been measured up to 20 
cm from the poles (Bergman 1991).

Cadmium
Zinc is used to prevent corrosion on poles, and it 

contains cadmium, which is very toxic for aquatic or
ganisms and warm-blooded animals (SNV 1993b). The 
compound is characterized by its high degree of mobility 
and bioaccumulative capability in the natural environ
ment. Because of this, toxic levels can occur in top 
predators of the ecosystems. Levels of cadmium in the 
ROW soils can increase by approximately 10% because 
of the impregnation of poles.

In arable land it is considered important to restrain 
the cadmium supply, to keep it below the theoretical 
value of 0.5 g per hectare and year (SNV 1993b). For the 
transmission system this means that the zinc used in 
poles in arable areas must be of the best possible qual
ity (zinc is an antagonistic element to cadmium).

Biodiversity and electricity transmission; 
possibilities

ROW management
We used data from investigations conducted in other 
sites not far from the study area. For example, some 100 
km west of the study site, outside the town of Fagersta, 
a botanically interesting site is situated in one 130-kV 
transmission line ROW (Nordin 1996). A number of 
grassland vascular plant species, some of them red- 
listed (e.g., Botrychium virginianum, Gentianella campestris, 
Lathyrus heterophyllus), are growing on this ROW. 
These are species that require some kind of manage
ment, such as grazing by cattle or hay harvesting
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(mowing) to persist. According to Ekstam and Forshed 
(1992), the latter two species generally disappear when 
management ceases. This indicates that the manage
ment of ROWs can favor those species that are depend
ent on the mowing and grazing of grasslands.

The species Gentianella campestris is undergoing a 
rapid decline. It has disappeared from 88-98% of the 
Swedish localities it was recorded 50 years ago (Len- 
nartsson and Svensson 1995). The loss of grassland 
hectarage has been recognized as the main reason for 
this rapid deterioration.

In another ROW site, situated 100 km north-west of 
the study site, south-east of the city of Gavle, eastern 
Sweden, several redlisted butterfly species have been 
found. During 1993, more than three-quarters of the 
redlisted North-Swedish butterfly species were observed 
here (e.g., Eiiphydryas aurinia, Melitaea diamina, Aricia don- 
zels, Glaucopsyche alexis, Zygaena lonicerae, Z. viciae, Z. 
osterodensis) (Swahn 1993). Beside this, a number of 
redlisted vascular plant species also are foimd here.

In 1993, Vattenfall received an award for the main
tenance of this ROW. The award was given by the 
entomological society of Gastrikland (Swahn 1993).

Dispersal corridors
Preservation of biodiversity is a major concern of mod
ern forestry. One popular approach in forest landscape 
planning is to protect ecologically valuable areas and 
linking them together with corridors of similar habi
tats, forming so called dispersal corridors (Gustafsson 
and Nohlgren 1995). Corridors promote dispersion of 
species between the protected areas to maintain genetic 
exchange between separated populations. The same 
line of argument could be applied when trying to pre
serve the biodiversity of the agricultural landscape of 
Sweden. There are valuable grassland areas spread 
throughout the landscape without any obvious connec
tion between them, while a network of ROWs cut 
through these areas. It should be possible to plan and 
manage ROWs to promote species dispersion. Results 
from the land use analysis showed that the average 
distance between open areas along the studied ROW was 
less than three kilometers. This should increase the possi
bility for grassland species to disperse onto the ROWs.

Edge zones
RC3Ws increase the total length of zones separating two 
habitats (e.g. forest edges), known as ecotones. The 
highest diversity is found at the border between differ
ent ecosystems, e.g. between forests and clearcuts 
(Hansson 1983). It is likely that the borders between 
forests and open areas at ROWs can provide such habi
tats (Monni and Lankinen 1995). Hansson (1994) re
vealed a higher number of small mammal and bird 
species occurring in the forest edge compared to both 
that in the clear cut areas and in the internal forest. The 
ecotone function can be improved by creating softer 
edges with bushes, or, as proposed by Roseberry and

Hill (1974), by cutting the edges in an irregular manner 
(in zigzag), thereby avoiding sharp and straight edges.

Bird habitats
Transmission systems also have positive effects on birds. 
Hansson (1983, 1994) found that different bird species 
preferred different parts of conifer forest clearcuts in Swe
den. Some species (e.g., Emberiza citrmella, Saxicola riibetra 
and Lanius collurio), seemed to occupy the center parts 
of the open areas while other species (e.g., Regulus 
regulus, Turdus merula, Phylloscopus trochilus, Fringilla 
coelebs, Turdus illiacus, Erithacus rubecula, Prunella modu- 
laris and Carduelis spinus) preferred edges of surround
ing forest. ROW clearcuts cause similar effects as do 
forestry strip felling areas (Monni and Lankinen 1995). 
This means that ROW management provides edge ef
fects, which can be of benefit for some bird species.

Mammal habitats
Vegetation on ROWs has been found to attract large 
mammals. The elk (Alces alces) feeds on young deciduous 
trees (e.g., Populus tremula, Sorbus aucuparia, Salix sp.) that 
often grow in ROWs in Finland (Monni and Lankinen 
1995). Hansson (1994) has found that elk preferentially 
occurred in the center of Mid-Swedish clearcuts.

DISCUSSION

Based on available information as presented above, we 
conclude that ROWs have the capacity to influence 
biodiversity in a positive way. There are also negative 
impacts, mainly related to bird collisions and pole mate
rials, but these appear to be less significant than the 
positive effects (Table 4). However, it should be possible 
to reduce the negative impacts by relatively simple 
means such as: (1 ) - choosing the proper pole (impregna
tion) material, (2) planning the ROW routes so that im
portant habitats are not fragmented, and (3) using line 
markers and transformer screening devices in order to 
reduce bird mortality by collisions and electrocution.

Table 4. Effects of ROW characteristics on biodiversity in 
Sweden. (++ means mainly positive impact, + means probable 
positive impact, 0 means no or insignificant impact, -  means 
probable negative impact, and — means mainly negative 
impact. A question mark (?) means that the effects are unknown 

or uncertain.)

Flora Insects Birds Mamm
als

Soil
organisms

Lines and 0 0 _ 0 0

transformers
Habitat - - 0 - 7

fragmentation
Pole material - 0 7 7 -
ROW management + + + + + + 0

Edge zones ? 7 + 0

Dispersal corridors + + 0 + 0
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Also, the positive effects could be amplified by a 
number of measures, such as: (1 ) the adaptation of 
management strategies to local conditions, (2 ) improv
ing the ecotone function by avoiding sharp/straight 
ROW edges, and (3) taking special precautions where 
redlisted species are present.

It also means that it should be possible to plan and 
manage future transmission line ROWs so that these 
positive effects are optimized from the beginning, and 
that negative effects can be reduced.

Our study indicates that ROW management in Swe
den can be a resource in the preservation of those 
endangered species that are threatened by the altered 
land use due to modem agriculture. Four bird species 
have been placed on the red list because of conflicts 
with the transmission system. Several of those species 
that are endangered because of the decline in grassland 
hectarage, are promoted by the ROW management and 
can find a refuge on ROWs.
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Evaluation of Different Grasses to Restore 
Wetlands and Control Weed Species after

Pipeline Construction

Joseph M. McMullen, Mark E. Burger, and Scott D. Shupe

In the northeastern United States, two invasive weed species of vegetation, common reedgrass 
(Phragmites australis) and purple loosestrife (Lythrum salicaria), invade and degrade wetlands. Soil 
disturbance during pipeline construction can promote the invasion of these aggressive weed 
species into wetland areas. To assess this concern, a three-year research project was implemented 
to assess the ability of three different restoration grasses —  Japanese millet {Echinochloa crusgalli), 
annual ryegrass {Lolium spp.), and redtop {Agrostis gigantea) —  and natural regeneration in their 
ability to stabilize disturbed wetland areas and restrict the invasion of weed species. Organic soil 
wetlands along a pipeline constructed in upstate New York in 1994 were studied. Grasses were 
planted in randomly selected plots in the summer of 1994. Vegetation data were collected along 
permanent transects in each plot in 1994,1995 and 1996. Initial differences among grass treatments 
were noted, especially in the millet plots where total vegetation cover was high, but plant species 
richness was low. By the third year of study, dominant plant species composition was identical in 
all treatment plots, including untreated control. Loosestrife invaded the wetland areas and by the 
third year had somewhat similar values among all treatments. Common reedgrass never invaded 
the disturbed wetland areas. Results of the study question the need for and benefit of planting 
restoration grasses in wetlands where topsoil and grades are restored.

Keywords: Weed species, common reedgrass, purple loosestrife, pipeline construction, wetland 
restoration, Japanese millet, annual ryegrass, redtop, wetland vegetation, wetlands disturbance, 
organic soil, rights-of-way

OBJECTIVE

The objective of this study was to evaluate the ability of 
three different grasses Japanese millet Echinochloa crus
galli), annual ryegrass {Lolium spp.), and redtop 
{Agrostis gigantea) and natural regeneration in their 
ability to stabilize wetlands, and prevent the invasion 
of common reedgrass and purple loosestrife into wet
land areas within rights-of-way disturbed by pipeline 
construction.

INTRODUCTION

In the northeastern United States, two invasive weed 
species of vegetation, common reedgrass {Phragmites 
australis) and purple loosestrife {Lythrum salicaria),

have begun to invade wetlands. These species of vege
tation are of little value to wildlife. They germinate and 
grow quickly and prevent native wetland vegetation, 
which provides necessary food and cover for wildlife, 
from becoming established. Soil disturbance during 
pipeline construction can promote the invasion of these 
aggressive weed species into wetland areas.

To assess the concern of weed species invasion, Ni
agara Mohawk Power Corporation began a research 
project during the summer of 1994 immediately after 
wetlands were disturbed by pipeline construction (TES 
1996). The pipeline studied is referred to as Natural 
Gas Pipeline No. 63, and extends through Oswego 
County, New York (Fig. 1).

The pipeline crossed many areas of wetlands regu
lated by the New York State Department of Environ
mental Conservation (NYS DEC) and the U.S. Army
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Fig. 1. General location of wetland areas used for the grass treatments along natural gas transmission pipeline no. 63, Oswego
County, New York.

Corps of Engineers (COE). Conditions of the COE per
mit required that topsoil in the upper organic layer up 
to 40.6 cm (16 inches) of all wetlands be removed and 
stockpiled separately from subsoil during trenching 
operations. Upon completion of construction activities, 
topsoil was returned to the trench. Contours were re
quired to be restored to several inches below original 
grade and/or seeded immediately with a suitable com
petitor species, such as annual ryegrass. All restoration 
work, including seeding and restoring of contours, was 
to be completed within 72 hours of backfilling.

The long-term success of seeding grasses to stabilize 
disturbed wetlands areas and restrict weed species has 
not been tested. The three different grasses selected 
for the seeding treatments were; Japanese millet, annual 
ryegrass, and redtop. These grasses were selected 
because of their availability and common use on res
toration projects. Two different wetland study areas 
in organic (muck) soils were selected for the grass 
seeding treatments (Fig. 1). Each grass treatment 
area was monitored for three growing seasons after 
planting.
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Fig. 2. Schematic of possible treatment plot arrangement 
within a treatment block.

METHODS

Grass treatment plot layout
The disturbed portion of the selected wetland study 
areas within the gas pipeline right-of-way were di
vided into plots for the purposes of the grass seeding. 
Each plot was the width of the disturbed portion of the 
right-of-way (approximately 30 m [100 ft]) and 13.6 m 
(45 ft) in length along the long axis of the right-of-way 
(Fig. 2 ).

Within each wetland study area, eight different 
treatment plots were delineated (Fig. 2). This series of 
eight plots was referred to as a block. With eight plots 
in each block, two replicates of each of the three grass 
treatments (Japanese millet, annual ryegrass, and red 
top) and untreated plot were permitted in each wet
land study area. Replicates averaged out differences

between soils and hydrology in each block.
Wood stakes were also used to delineate the bound

ary between pipeline trench area and remaining dis
turbed work areas within each plot. The trench area 
was approximately 6 . 1  m ( 2 0  ft) wide and existed 
where soil was excavated for placement of the pipe. 
Disturbed areas consisted of spoil areas where soil 
from the trench excavation was temporarily stored or 
other work areas where soil was disturbed.

Grass seeding treatment application
After the plots were staked-out, they were seeded 

with the selected grass species. Seed application was 
selected at random for the first four plots, and this 
random order repeated in the second four plots of each 
treatment block (Fig. 2).

The application rate of the seed varied by the grass 
species. Seed was weighed in the field with a triple
beam balance scale and hand applied with a cyclone 
spreader. The rate of application of seed was as fol
lows: Japanese millet — 24.4 kg/ha (21.8 Ib/acre); an
nual ryegrass — 48.8 kg/ha (43.6 Ib/acre); redtop — 
34.3 kg/ha (30.6 lb/acre); and no treatment (untreated 
control). Dates of the actual seeding are shown in Table 1.

Post-seeding sampling (1994,1995,1996)
Vegetation was sampled in September 1994, in June 
and again in September 1995, and in September 1996. 
In 1995, the two sampling periods, one in early summer 
and the other in early fall, were to assess seasonal 
differences in the plant community composition.

During all sampling periods, species composition 
and vegetation cover data were recorded using the 
line-intercept method. Line-intercept was performed 
by stretching a 1 0 -m tape between two permanent 
stakes. Percent cover is recorded by plant species in 
each of the ten, one-meter intervals that comprise the 
10-m transect line. Each plant or plant part that inter
cepts an imaginary plane above and below the 1 0 -m 
line is recorded by species (Lindsey 1956, Kisslinger et 
al. 1960).

Two 10-m transects were sampled in each plot. One 
transect was centered over the trench area and one in 
the remaining disturbed work area of the pipeline 
right-of-way. End points of the transect were marked 
with permanent wooden stakes and the same transect 
sampled in each year. Direction of each transect was 
selected at random.

Table 1. Grass seeding and sampling dates for grass treatment research project

Wetland 
study area

Plot
layout

Initial soil and
hydrology
sampling

Grass
seeding

Sept. 1994 
vegetation 
sampling

June 1995
vegetation
sampling

Sept. 1995 
vegetation 
sampling

Sept. 1996 
vegetation 
sampling

VCN-9 (north) 
VCN-9 (south) 
VCN-19

30 June 1994 
30 June 1994 
20 July 1994

1 July 1994 
1 July 1994 
20 July 1994

1 & 5 July 1994 
1 & 5 July 1994 
21 July 1994

15 & 16 Sept.
15 & 16 Sept.
16 & 19 Sept.

20 June
20 & 21 June
21 June

12 Sept.
12 & 15 Sept. 
15 Sept.

6  Sept.
6  & 10 Sept. 
10 Sept.
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Vegetation data were analyzed using the methods 
described in Cox (1972). Using this methodology, ac
tual and relative values are determined for frequency 
and dominance by each plant species. An importance 
\'alue, which is a summary of the relative frequency 
and relative dominance, is also determined. Frequency 
is a measure of a plant's spatial distribution. Actual 
frequency is the percent of sampling intervals occupied 
by a given species. It is determined by dividing the 
number of 1 -m intervals in which a species is recorded 
by the total number of 1-m intervals sampled. If a 
species occurs in five out of ten samples, it has an actual 
frequency of 50%. Dominance is determined by using 
cover data. Actual dominance is determined by divid
ing the cover recorded for a given species by the total 
amount of cover available in the intervals sampled. For 
example, a species that covers 50% of the area sampled 
would have an actual dominance of 50%. Relative fre
quency is the actual frequency of a given species di
vided by the actual frequency of all species in the 
sampling set. Relative dominance is the actual domi
nance of a given species divided by the total actual 
dominance of all species in the sampling set.

Total vegetation cover and species richness values 
were also determined. Total vegetation cover is a meas
ure of the area occupied by vegetation (regardless of 
species) as opposed to bare ground. Species richness is 
the total number of species recorded.

DESCRIPTION OF WETLAND STUDY AREAS

The wetland study areas occur in south-central 
Oswego County, New York. Wetlands in this portion 
of Oswego County owe their genesis to receding wa
ters of glacial Lake Iroquois. During de-glaciation of 
the region about 1 0 , 0 0 0  years ago the wetlands formed 
in depressions in low areas where drainage was 
blocked by glacial deposits (Jones et al. 1983). Many of 
these wetlands consist of impermeable or slightly per
meable drift deposits. Overtop these layers exist a rela
tively thick accumulation of organic matter. Other 
wetlands in this region are a result of lacustrine lake silt 
and clay deposits that were deposited within inter- 
drumlin lowlands. The poor drainage of these soils, 
and their position on the topography, have promoted 
the formation of many wetlands in this region of 
Oswego County, New York.

The wetland study areas were primarily young de
ciduous forest wetlands prior to the pipeline construc
tion, although they are adjacent to a cleared 
right-of-way where an emergent wetland dominates. 
The forested wetland was dominated by: red maple 
{Acer rubriim) and green ash {Fraxinus pennsylvanica) 
trees; shrubs of alder (Alntis rugosa), spicebush {Lindera 
benzoin), and arrowwood {Viburnum recognitum); with 
cinnamon fern {Osmunda cinnamomea), marma grass 
{Glyceria sp.), and royal fern {Osmunda regalis) common

herbaceous species. The emergent wetland in the adja
cent cleared right-of-way was dominated by cattail (Ty- 
pha latifolia), purple loosestrife, sensitive fern {Onoclea 
sensibilis), and sedges {Carex spp.).

Soils in these wetland study areas were a black, deep 
muck, classified as Palms and Carlisle muck (USSCS 
1981). These mucks have a deep organic layer often 
overlying marl. Water in these wetlands is pooled dur
ing wet periods, with saturation near the surface for 
much of the year.

RESULTS AND DISCUSSION 

Plant species composition
Dominant plant species are generally used to charac
terize the species composition of an area. The dominant 
species are roughly defined as those that cumulatively 
total more than 50% of importance value. Dominant 
plant species in the four treatment types in 1994, 1995 
and 1996 are presented in Tables 2-5. Vegetation data 
include: actual and relative frequency, actual and rela
tive cover, and importance value. Total vegetation 
cover values for the four treatment types over the 
three-year study are presented in Table 6 , with species 
richness values in Table 7.

During initial vegetation establishment in these wet
lands, rice cutgrass {Leersia oryzoides), swamp beggar 
ticks {Bidens connata), cattail, sedge, marma grass, water 
purslane {Ludwigia palustris), and purple loosestrife 
were prevalent (Tables 2-5). Except for cattail, none of 
these species were common prior to pipeline construc
tion, but were abimdant two years after restoration.

It is important to note that by the end of the third 
growing season (September 1996) in these organic soil 
wetlands, the dominant species present were the same 
in each wetland, regardless of treatment. These species 
of vegetation and the order of their dominance were: 
rice cutgrass, broad-leaf cattail {Typha latifolia), and 
purple loosestrife (Tables 2-5).

Results of the three-year study showed that Japa
nese millet (an annual) germinated the fastest, with 
plants visible within four days of planting. It was the 
tallest of the planted grasses, had the densest cover, 
and even grew in areas of pooled water. In effect, millet 
established a monoculture in the first year. Millet, 
when mature, produced a large seed head that pro
vided food and cover for wildlife. During the first 
growing season Japanese millet grew superiorly under 
all conditions (Table 2). Although millet initially re
stricted the invasion of purple loosestrife and common 
reedgrass (Table 8 ), it also restricted the growth of 
other wetland vegetation as reflected by the lowest 
species richness of any of the treatments (Table 7). 
During the second growing season, millet did not re
seed itself, leaving the soil relatively barren. By the fall 
1995 sampling, natural wetland vegetation began to 
establish. During the third growing season, natural
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Table 2. Dominant plant species composition in Japanese millet plots, organic soil wetlands

Frequency (%) Dominance Importance
value

Actual Relative Actual (% cover) Relative (%)

September 1994:
Echinochloa crusgalli (Japanese millet) 85.8 54.8 61.5 86.7 141.5

June 1995:
Bidens connata (Swamp beggar ticks) 40.0 12.7 12.7 25.9 38.6
Echinochloa crusgalli (Japanese millet) 54.2 17.2 8 . 2 16.8 34.0
Glyceria striata (Manna grass) 21.7 6.9 5.3 10.9 17.8
Lythrum salicaria (Purple loosestrife) 31.7 1 0 . 1 2 . 6 5.2 15.3

September 1995:
Leersia oryzoides (Rice cutgrass) 76.7 16.4 30.1 2 2 . 8 39.2
Bidens connata (Swamp beggar ticks) 65.8 14.1 30.2 22.9 37.0
Echinochloa crusgalli (Japanese millet) 39.2 8.4 10.3 7.8 16.2
Typha latifolia (Broad-leaf cattail) 37.5 8 . 0 9.9 7.5 15.6

September 1996:
Leersia oryzoides (Rice cutgrass) 92.5 19.4 45.8 34.0 53.4
Typha latifolia (Broadleaf cattail) 58.3 1 2 . 2 14.7 10.9 23.1
Lythrum salicaria (Purple loosestrife) 51.7 1 0 . 8 14.9 1 1 . 0 21.9
Ludwigia palustris (Water purslane) 31.7 6 . 6 14.4 10.7 17.3

Table 3. Dominant plant species composition in annual ryegrass plots, organic soil wetlands

Frequency (%) Dominance Importance
value

Actual Relative Actual (% cover) Relative (%)

September 1994:
Leersia oryzoides (Rice cutgrass) 43.3 16.3 12.5 24.8 41.0
Bidens connata (Swamp beggar ticks) 32.5 1 2 . 2 8.3 16.3 28.5
Lolium sp. (Annual ryegrass) 37.5 14.1 6 . 2 1 2 . 2 26.3
Echinochloa crusgalli (Japanese millet) 25.0 9.4 7.8 15.5 24.9

June 1995:
Leersia oryzoides (Rice cutgrass) 55.5 14.4 15.4 18.0 32.5
Typha latifolia (Broadleaf cattail) 48.2 12.5 11.4 13.3 25.9
Glyceria striata (Manna grass) 35.5 9.2 14.1 16.5 25.7
Bidens connata (Swamp beggar ticks) 29.1 7.6 8 . 2 9.6 17.2

September 1995:
Leersia oryzoides (Rice cutgrass) 80.0 17.6 47.1 30.7 48.4
Typha latifolia (Broadleaf cattail) 79.2 17.4 25.3 16.5 34.0
Lythrum salicaria (Purple loosestrife) 49.2 1 0 . 8 11.3 7.3 18.2

September 1996:
Leersia oryzoides (Rice cutgrass) 85.0 18.1 36.8 26.2 44.4
Typha latifolia (Broadleaf cattail) 81.7 17.4 30.5 2 1 . 8 39.2

Lythrum salicaria (Purple loosestrife) 49.2 10.5 lt).7 7.6 18.1
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Table 4. Dominant plant species composition in redtop plots, organic soil wetlands

Frequency (%) Dominance Importance

Actual Relative Actual (% cover) Relative (%)

September 1994:
Leersia oryzoides (Rice cutgrass) 58.3 16.7 18.8 26.4 43.1
Bidens connata (Swamp beggar ticks) 46.7 13.4 1 2 . 0 16.8 30.2
Ludwigia palustris (Water purslane) 45.0 12.9 1 2 . 0 16.9 29.8

June 1995:
Leersia oryzoides (Rice cutgrass) 52.5 12.5 16.7 17.4 29.9
Agrostis gigantea (Redtop) 45.8 10.9 15.7 16.4 27.3
Typha latifolia (Broad-leaf cattail) 55.0 13.1 9.9 10.3 23.4
Carex stipata (Sedge) 47.5 11.3 9.1 9.5 2 0 . 8

September 1995:
Leersia oryzoides (Rice cutgrass) 85.0 17.7 52.5 33.1 50.8
Typha latifolia (Broad-leaf cattail) 65.8 13.7 16.6 10.5 24.2
Carex sp. (Sedge) 61.7 1 2 . 8 15.7 9.9 2 2 . 8

Agrostis gigantea (Redtop) 38.3 8 . 0 14.2 9.0 16.9

September 1996:
Leersia oryzoides (Rice cutgrass) 90.0 18.2 44.0 29.5 47.7
Typha latifolia (Broad-leaf cattail) 73.3 14.8 23.6 15.8 30.7
Lythrum salicaria (Purple loosestrife) 50.8 10.3 11.5 7.7 18.0
Carex cotnosa (Sedge) 45.8 9.3 1 1 . 0 7.4 16.7

Table 5. Dominant plant species composition in untreated control plots, organic soil wetlands

Frequency (%) Dominance Importance
V P i l l l P

Actual Relative Actual (% cover) Relative (%)

September 1994:
Leersia oryzoides (Rice cutgrass) 49.2 18.4 15.1 25.5 43.9
Bidens connata (Swamp beggar ticks) 44.2 16.5 1 2 . 0 20.3 36.8
Ludwigia palustris (Water purslane) 35.8 13.4 1 0 . 6 17.8 31.2

June 1995:
Leersia oryzoides (Rice cutgrass) 47.5 12.9 12.4 14.7 27.6
T\/pha latifolia (Broad-leaf cattail) 47.5 12.9 1 1 . 1 13.1 26.0
Glyceria striata (Manna grass) 26.7 7.2 9.6 11.4 18.6
Ludwigia palustris (Water purslane) 31.7 8 . 6 8.5 1 0 . 0 18.6
Carex stipata (Sedge) 37.5 1 0 . 2 6 . 8 8 . 1 18.3

September 1995:
Leersia oryzoides (Rice cutgrass) 85.0 17.7 52.5 33.1 50.8
Typha latifolia (Broad-leaf cattail) 65.8 13.7 16.6 10.5 24.2
Carex sp. (Sedge) 61.7 1 2 . 8 15.7 9.9 2 2 . 8

Agrostis gigantea (Redtop) 38.3 8 . 0 14.2 9.0 16.9

September 1996:
Leersia oryzoides (Rice cutgrass) 85.8 17.0 42.7 28.3 45.4
Typha latifolia (Broad-leaf cattail) 77.5 15.4 24.8 16.4 31.8
Lythrum salicaria (Purple loosestrife) 45.0 8.9 1 1 . 1 7.4 16.3
Carex comosa (Sedge) 43.3 8 . 6 10.3 6 . 8 15.4



Evaluation o f different grasses to restore wetlands 405

wetland vegetation had successfully established, which is 
reflected by relatively high species richness and percent 
total vegetation cover values (Tables 6 and 7).

Annual ryegrass, which is commonly used to restore 
wetland areas disturbed by pipeline construction, ger
minated within one week after planting in 1994. Rye
grass did not grow well where soil was inundated. As 
pooled water dissipated, barren soil was exposed. This 
soil was quickly colonized by seed and by propagules 
within the soil. Annual ryegrass grew well and provided 
a dense vegetation cover in other areas, but, as an annual, 
was practically non-existent during the second growing 
season (Table 3). At the end of the 1994 growing season, 
ryegrass plots had the lowest percent total vegetation 
cover of the four treatments applied (Table 6). 
Throughout the 1995 and 1996 growing seasons armual 
ryegrass plots had total vegetation cover values similar 
to other treatment types as a result of natural wetland 
vegetation becoming established within the plots.

Redtop did not provide an initial dense vegetation 
cover similar to millet or armual ryegrass (Table 4). 
Average plant height was only 10.2 cm (4 in), as com
pared to 60 cm (24 in) for millet and 45.7 cm (18 in) for 
armual ryegrass. Furthermore, redtop did not germi
nate in areas of pooled water. Although redtop was a 
slow germinator, and did not attain a luxuriant vegeta
tive cover, plots seeded with redtop had high percent 
total vegetation cover and species richness values at the 
time of the fall 1994 sampling. Over the next two grow
ing seasons, redtop plots maintained the highest per
cent total vegetation cover (97-98%) (Table 6). As a

perennial, redtop differed from the other planted 
grasses by persisting as a dominant species in the latter 
years of the study.

Untreated control plots were allowed to revegetate 
naturally, which quickly happened during the first 
growing season. The source of this vegetation was 
from viable plant material in the restored topsoil and 
from the input of seeds from adjacent, undisturbed 
wetland vegetation. Plots allowed to reseed naturally 
had high species richness (Table 7) and total vegetation 
cover values that were initially low, but in latter years 
similar to plots receiving grass treatments (Table 6).

Total vegetation cover
In general, vegetation cover ranged from about 46-67% 
after the first growing season, exceeded about 91% in 
all treatment plots after the second growing season, 
and was over 94% after the third growing season (Table 
6). These data indicate that total vegetation cover meets 
typical agency requirements of being in excess of 85% 
after the second growing season, regardless of grass 
treatment or even if the disturbed right-of-way was not 
seeded (untreated control).

Plant species richness
Plant species richness (number of species) is summa
rized in Table 7. Species richness values ranged from 10 
to 18 among the treatment types after the first growing 
season, and generally increased with time varying 
from 25 to 32 after the third growing season. Although 
millet appeared to out-compete all other species of

Table 6. Percent total vegetation cover

Treatment Sept. 1994. End of first 
growing season. 

Study area

June 1995. Beginning of 
second growing season. 

Study area

Sept. 1995. End of second 
growing season. 

Study area

Sept. 1996. End of third 
growing season. 

Study area

VCN
9N

VCN
9S

VCN
19

Mean VCN
9N

VCN
9S

VCN
19

Mean VCN
9N

VCN
9S

VCN
19

Mean VCN
9N

VCN
9S

VCN
19

Mean

Japanese millet 73.3 79.8 47.9 67.0 34.7 38.1 55.4 42.7 85.5 89.3 97.8 90.0 89.5 96.3 97.0 94.3
Annual ryegrass 53.9 58.1 25.9 46.0 66.9 70.1 66.0 67.7 100.0 98.3 97.5 98.6 93.5 94.3 98.0 95.3
Redtop 60.1 68.4 37.8 55.4 59.8 78.3 74.6 70.9 97.8 99.0 98.8 98.5 93.4 9.5 98.3 97.1
Untreated control 64.1 53.3 28.3 48.6 62.1 52.3 70.8 61.7 98.6 99.3 95.5 97.8 95.5 95.8 97.5 96.3

Table 7. Plant species richness

Treatment Sept. 1994. End of first 
growing season 

Study area

June 1995. Beginning of 
second growing season 

Study area

Sept. 1995. End of second 
growing season 

Study area

Sept. 1996. End of third 
growing season 

Study area

VCN
9N

VCN
9S

VCN
19

Mean VCN
9N

VCN
9S

VCN
19

Mean VCN
9N

VCN
9S

VCN
19

Mean VCN
9N

VCN
9S

VCN
19

Me

8 8 13 10 14 19 18 17 18 22 26 22 26 30 39 32
15 15 10 13 22 24 16 21 19 24 15 19 23 25 26 25
17 21 15 18 19 23 18 20 16 24 25 22 16 27 37 27
11 19 16 15 16 26 22 21 15 30 23 23 14 24 38 25

Japanese millet 
Annual ryegrass 
Redtop
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Table 8. Importance values for purple loosestrife among treatments

Treatment Sept. 1994. End of first growing sea- Sept. 1995. End of second growing Sept. 1996. End of third growing
son. season. season.

Study area Study area Study area

VCN VCN VCN Mean VCN VCN VCN Mean VCN VCN VCN Mean
9N 9S 19 9N 9S 19 9N 9S 19

Japanese millet 5.3 0 0 1.8 34.0 11.6 0 15.2 40.8 30.1 0 23.6
Annual ryegrass 23.1 5,7 0 9.6 30.2 22.0 0 17.4 25.8 27.2 1.6 18.2
Red top 13.2 3.5 1.6 6.1 29,2 19.8 2.6 17.2 27.1 26.9 1.1 18.4
Untreated control 21.1 1.3 1.7 8.0 32.0 16.1 0 16,0 30.7 20.7 2,2 17.9

Table 9. Importance values for common reedgrass among treatments

Treatment Sept, 1994. End of first growing sea- Sept. 1995. End of second growing Sept. 1996. End of third growing
son. season. season.

Study area Study area Study area

VCN VCN VCN VCN VCN VCN VCN VCN VCN
9N 9S 19 9N 9S 19 9N 9S 19

Japanese millet 0 0 0 0 0 0 2.4 0 0
Annual ryegrass 0 0 0 0 0 0 0.6 1.1 0
Red top 0 0.7 0 0 1.4 0 0 0 0
Untreated control 0 1.3 0 0 1.3 0 0 2.5 0

veg eta tion  d u rin g  the first year, in clu d in g  p u rple Common reedgrass inhibition
loosestrife and common reedgrass, it also had the low
est species richness (a value of 10). By the end of the 
second growing season, Japanese millet plots had a 
species richness that was similar to the other treat
ments. At the end of the third growing season, Japa
nese millet plots had the highest species richness, 
although the values for all treatment plots were not 
that different. In all other treatment plots, species rich
ness was similar and appeared to increase in a similar
manner.

Purple loosestrife inhibition
Importance value data for purple loosestrife among 
treatments are presented in Table 8. Purple loosestrife 
invaded many of the treatment plots, and increased in 
abundance from 1994 to 1996. By the end of the third 
growing season (1996) it was evident in nearly all treat
ment plots.

Japanese millet inhibited the establishment of pur
ple loosestrife in 1994. However, by 1996 the highest 
purple loosestrife importance value was in the millet 
plots. In contrast, untreated control plots had the sec
ond highest loosestrife importance value at the end of 
the first year and the lowest by 1996. This indicates that 
millet is a good initial inhibitor, but not necessarily 
good in the long term. By 1996, the plots planted with 
grasses had a slightly higher, although somewhat simi
lar loosestrife abundance, when compared to the un
treated plots.

Importance value data for common reedgrass are pre
sented in Table 9. Most values were zero indicating the 
absence of reedgrass. Common reedgrass was never an 
invasive species within wetland study areas during the 
three-year study, although an abundant seed source 
was adjacent to all study areas.

Hydrology
Water levels in wetland study areas appeared to influ
ence the success of different seed treatments and the 
species composition of the naturally-invading commu
nity. Based on field observations, none of the grass 
treatments did well in areas of pooled water. Millet 
appeared to grow the best of all the treatments in these 
areas, with ryegrass growing the worst. In areas of 
standing water, water purslane and burreed were in
itial invaders, but total vegetation cover was fairly low 
in these areas after the first growing season. In the dry, 
second growing season (1995), rice cutgrass and swamp 
beggar-ticks were abundant in these areas. Loosestrife 
abundance was lower in areas of inundation.

SUMMARY/CONCLUSIONS

It appears that the purchase of seed and labor expense 
of planting agricultural grasses to reduce the invasion 
of purple loosestrife and common reedgrass on organic 
soil wetlands disturbed by pipeline construction is not
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justified. Our findings are consistent with other re
search, which has shown that the pulling, mowing, 
burning, flooding, disking, and applying chemicals to 
control the establishment of purple loosestrife and 
common reedgrass are relatively ineffective and ex
pensive (Marks et al. 1994). Biological measures of con
trol are currently being researched and show some 
promise at controlling these weed species of vegeta
tion, but need to be "fine-tuned" (USDI1995).

Although seeding disturbed wetland areas is nor
mally required by state and federal permit conditions, 
a more cost-efficient and biologically effective ap
proach to restoring wetland areas disturbed by pipe
line construction where erosion is not an issue is to 
ensure that wetland topsoil, which harbors seeds and 
rootstocks of wetland vegetation, be separated from 
subsoil during excavation and spoiling activities. Then, 
when backfilling the trench, ensure that topsoil is redis
tributed across the disturbed area to at, or below pre
construction grade. Restoration below preconstruction 
grade will hkely pool water and inhibit most plantings 
and the initial invasion of wetland vegetation, which 
will result in a lower total vegetation cover. However, 
it may be effective at reducing loosestrife invasion.

Our study demonstrated that wetland areas allowed 
to revegetate naturally had achieved vegetative cover 
in excess of 85%, an agency standard, by the end of the 
second growing season. The source of this vegetation 
growth was from seeds and other plant material found 
in the replaced topsoil. These areas also had species 
richness values that were comparable or higher than 
those of seeded wetland areas.

Although the seeding of disturbed wetland areas 
may not be worthwhile in most instances, there are 
situations where seeding is warranted. If erosion is a 
concern, seeding would help to stabilize the area. If 
wildlife food and cover or aesthetics is of interest, the 
seeding of a species, such as millet, may be beneficial.

Also, it appears that restoration requirements and 
permit conditions should allow for more flexibility to 
assess the site conditions and time of year of restoration 
before prescribing restoration treatments. Such flexibil
ity could reduce restoration costs and increase wetland 
benefits in the long term.
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Consideration of Biodiversity in 
Rights-of-Way Management by the Utiiity

industry in Maryiand

Sandra Shaw Patty, Mark T. Southerland, and Stephen D. Kartalia

The Power Plant Research Program, 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. Recent results from a survey of U.S. and Canadian utility 
company biologists indicate that a majority believe biodiversity conservation should be a goal for 
resource management although it is not currently a major issue for most companies. To address the 
question of cumulative impacts on biodiversity related to power generation and transmission, the 
Power Plant Research Program conducted a similar biodiversity survey of public utility commis
sions and natural resource agencies in all 50 states. The result of our survey of state agencies 
parallels the results of the survey of utilities. Both surveys found that few states or utilities are 
directly addressing the biodiversity issue. Both surveys indicated that more than three-quarters of 
the utilities and state agencies feel that biodiversity will be an important issue in the future. Now, 
two-thirds of the state agencies, but less than one-quarter of utilities, consider biodiversity an 
important issue. Similarly, state agencies are more than twice as likely to be conducting or funding 
research related to biodiversity. This argues for increased attention to biodiversity by electric 
utilities. It also poses a challenge for state natural resource agencies seeking ways to minimize the 
adverse effects and maximize the beneficial effects of utilities on biodiversity. As one of very few 
states with comprehensive state agency management for biodiversity and a program that specifi
cally addresses the environmental impacts of the electric utility industry, Maryland is considering 
several joint activities with the electric utilities to address biodiversity. Improved siting and 
management of transmission line rights-of-way are foremost among these.

Keywords: Biodiversity, power plants, questionnaire, public utility commissions, state natural 
resource agencies, ecosystem management, rights-of-way, conservation

WHAT IS BIODIVERSITY AND WHY SHOULD WE 
CARE?

There is now a general scientific consensus on a broad 
definition of biodiversity. Perhaps the best definition is 
the following version modified from the Keystone Pol
icy Dialogue addressing Biological Diversity on Fed
eral Lands (1991) by Noss and Cooperrider (1994):

"Biodiversity is the variety of life and its proc
esses. It includes the variety of organisms, the 
genetic differences among them, the communities 
and ecosystems in which they occur, and the eco
logical and evolutionary processes that keep them 
functioning, yet ever changing and adapting."

The new focus on biodiversity and its status as a ubiq
uitous buzzword result from the recognition that pro
jection of the loss of species is great (even in the United 
States) and that environmental degradation continues 
in the face of attempts to regulate impacts on a resource 
by resource basis. The solution to conserving biodiver
sity is to preserve and restore natural ecosystems with 
enough native components to sustain themselves over 
time. The scientific community asserts that biodiversity 
should be conserved at four scales (levels of organiza
tion): genetic, species, ecosystem, and landscape (Office 
of Technology Assessment 1987, Council on Environ
mental Quality 1993). The primary conservation goals at 
the larger geographic scales are (1 ) representing all
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native ecosystems in a network of protected areas and
(2 ) maintaining complete, unfragmented environmental 
gradients. Arguments defending biodiversity focus on 
four kinds of values;
-  utilitarian values (medicinal uses of plants, agricul

tural gene stocks, fisheries as a food source),
-  indirect utilitarian values (ecosystem services such 

as air quality, climate amelioration, flood regulation, 
soil building, waste assimilation, pest control, crop 
pollination),

-  recreational and aesthetic values, and
-  intrinsic, spiritual, and ethical values.
Each of these values has strong support in the general 
population. Surveys indicate that two-thirds of the 
population support the preservation of endangered 
species over immediate job creation. Perhaps the most 
strongly held belief is that of intergenerational equity,
i.e., the public expects natural resource agencies to 
provide natural areas for future generations.

The Maryland Department of Natural Resources 
(DNR) is committed to conserving biodiversity as part 
of its mission and has formed an Ecosystem Council 
with the following goals (Maryland DNR 1996):
-  a shared understanding of ecosystem management 

principles among DNR staff,
-  recognition of the Maryland DNR as a leader in 

scientifically-based ecosystem management,
-  diverse information available and shared between 

resource professionals and partners,
-  a continuous flow, compilation, analysis, interpreta

tion and distribution of pertinent ecological data,
-  a network of core protected lands that represent 

Maryland's native biological diversity,
-  incorporation of ecosystem management principles 

into local government policies and initiatives, and
-  Marylanders live in harmony with their environment. 
To reach these goals, the Maryland DNR is reevaluat
ing each of its programs and activities to determine if 
they can make a significant contribution to conserving 
biodiversity. To that end, the Power Plant Research 
Program of the Maryland DNR is investigating ways 
that it can minimize the adverse effects and maximize 
the beneficial effects on biodiversity of the electric util
ity industry in the State.

BIODIVERSITY AND THE ELECTRIC UTILITY 
INDUSTRY

On 19-20 March 1996, the Electric Power Research In
stitute (EPRl) sponsored a conference entitled. Manag
ing for Biodiversity: Emerging Ideas for the Electric Utility 
Industry. More than 100 individuals from 80 different 
agencies and companies attended. The goals of the 
meeting were to
-  identify and understand biodiversity issues for elec

tric utilities;
-  develop new insights from current biodiversity re

search and case studies; and

-  catalyze partnerships among utilities, state and fed
eral regulatory agencies, public interest groups, and 
academic scientists to build policies, regulations, 
and decision strategies for biodiversity that will 
serve the interests of the entire community.

The conference presented case examples of utilities 
working to conserve biodiversity (or related natural 
resources) and commentary by experts on how the 
industry should address biodiversity. One of the most 
important areas where utility activities could have both 
adverse and beneficial effects on biodiversity is the 
management of rights-of-way. The conference consensus 
was that the electric utility industry should be, can be, and 
is conducting some "beyond compliance" projects to con
serve aspects of biodiversity. At the same time, many 
utilities indicated that implementing additional meas
ures to conserve biodiversity would be problematic 
given current and future funding constraints.

During this conference, Breece and Ward (1996) de
scribed a survey of U.S. and Canadian utility compa
nies that they conducted on the subject of biodiversity. 
They found that although many utility biologists felt 
that conserving biodiversity was likely to become a 
major issue in the future, only a few were currently 
addressing it. This raises the question of how state 
pubhc utility commissions and natural resource agencies 
view the importance of considering biodiversity impacts 
of electric utility activities. To answer that question, the 
Maryland DNR's Power Plant Research Program imple
mented a survey of public utility commissions and 
natural resource agencies in all 50 states. The rest of this 
paper presents the results of this biodiversity survey 
and describes activities that the Power Plant Research 
Program is considering to address the effects of the 
utility industry on biodiversity in Maryland.

HOW WE CONDUCTED OUR STATE SURVEY ON 
BIODIVERSITY

In the fall of 1996, the Power Plant Research Program 
surveyed the public utility commissions (PUCs) and 
relevant natural resource agencies in all 50 states. One 
hundred (100) individuals were mailed a 3-page sur
vey (see Pig. 1) and asked to complete and return it via 
postage-paid envelope, fax, or Internet. We provided a 
web site for that purpose and listed the site address in 
the mailing. The purpose of the survey was to answer 
the following questions:
-  How do other state agencies define biodiversity?
-  Do they think the effect of electric utility activities on 

biodiversity is important and, if so, what are they 
doing about it?

-  How important do they believe considering the ef
fects of electric utility activities on biodiversity will 
be in the future?

-  How do Maryland's current and future plans for 
addressing the effects of electric utility activities on 
biodiversity compare with other states?
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BIODIVERSITY ISSUES FOR ELECTRIC UTILITY FACILITIES

PLEASE RETURN THE QUESTIONNAIRE BY NOVEMBER 30 , 199 6  TO:

Steve Kartalia 
Versar, Inc.
9 2 0 0  Rumsey Road
Columbia, Maryland 2 1 0 4 5 -1 9 3 4
tel: 4 1 0 -7 4 0 -6 0 8 0
fax: 4 1 0 -9 6 4 -5 1 5 6
internet: kartalia8te@ ver8ar.com

AGENCY QUESTIONNAIRE:

1. Does (ElELO^Stateji) exercise regulatory authority over construction
of new electric utility facilities? Y___ N___

if yes, w hat parameter(s) are regulated?

____ Pre-Construction approval
____ Need
____ Cost
____  Socioeconomic impacts
____ Environmental impacts

2. Does your agency have a division or section whose specific
purpose is to assess the environmental impacts of electric utility 
facilities? Y___ N___

If yes, w hich divisions are involved In reviewing and assessing 
power plant projects?

3. Do you know  of any other agencies In your state that address the 
ecological impacts of pow er plants?

4. Does your agency consider biodiversity w hen it assesses the 
impacts of pow er plants?

5. How do you define biodiversity?

W hat other environmental issues does your agency address in a 
typical licensing procedure (check all that apply)?

____  wetlands
____ endangered species
____ habitat loss
____  habitat fragm entation
____ air quality
____  w ate r quality
____  cultural resources
____ aesthetic resources
____  other (please list)

Does your agency use specific criteria for assessing impacts to 
biodiversity?
Does your agency use quantitative criteria or models for these 
assessments?
List the criteria or models you use

8. Does your agency require or recommend (circle one) mitigation for 
impacts to biodiversity? If so, how  is the amount and type of 
mitigation determined?

9. Does your agency encourage partnerships betw een utilities and 
citizen groups to m itigate fo r impacts to biodiversity? W hich ones?

____ Audubon Society
____ Bassmasters
____  Buckmasters
____  Ducks Unlimited
____  izaak W alton League
____ Sierra Club
____  Trout Unlimited)
____  W ildlife Federation
____  Wildlife Society
____  O ther (please list)

10. W hat types of biodiversity issues is your agency most concerned 
w ith  (check all that apply):

__ pow er plant siting
__ land management
__ cumulative effects mitigation (e.g ., carbon sequestering by
reforestation)
__ impact avoidance
__ impact mitigation

___w etlands
___terrestrial species
___aquatic species
___ marine species
___hydro relicensing
___rig h ts -o f-w ay  m aintenance and construction
___reservoir m anagem ent
___endangered species m anagem ent

p o w er plant operations

11 . H o w  im p ortan t, as a fu tu re  issue, w ill b iodiversity be to  your 
agency?

a. a m ajor issue
b. m ay becom e an issue
c. no opinion
d. probably not an issue
e. w ill not be an issue

12 .

e.g.. Models
Habitat Evaluation Procedures 
habitat units

Criteria 
the loss of

Does you r agency fund a n d /o r conduct research on biodiversity?  
ecosystem  m anagem ent? sustainable use? Please elaborate.

13 . A re there any other com m ents you w ould  like to  provide?

Fig. 1. Questionnaire.

RESULTS OF OUR STATE SURVEY ON 
BIODIVERSITY

Forty of the 100 questionnaires mailed to the states 
were returned. This 40% response rate is the same as 
that obtained by Breece and Ward in their survey of 
utilities. Of these 40, 33 responded by mail, seven by 
fax, and none via the Internet. PUCs were more likely 
to respond to the survey than state resource agencies 
(23 of 50 versus 17 of 50).

State natural resource agencies were more likely

than PUCs to respond that biodiversity will be an issue in 
the future (82% responded that it may become an issue 
compared to 27% for PUCs). In Breece and Ward's sur
vey, 76% of utilities responded that biodiversity will 
likely become a major issue in the future.

Most respondents do not have a division whose 
specific purpose is to review power plant impacts 
(73%). If one does exist, it is more likely to be part of 
a state natural resource agency than a PUC (38% of 
state natural resource agencies compared with 18% of 
PUCs).

mailto:kartalia8te@ver8ar.com
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Responses to Key Survey Questions

D o e s  y o u r  a g e n c y  h a v e  a d iv is io n  o r  s e c t io n  w h o s e  s p e c if ic  p u rp o s e  is to  a s s e s s  th e  e n v ir o n m e n ta l  im p a c ts  o f  p o w e r  p la n ts ?

P U C s

D N R s

Y e s

4 /2 3

7 /1 7

N o

1 9 /2 3

9 /1 7

NB

0 /2 3

1 /1 7

D o e s  y o u r  a g e n c y  c o n s id e r  b io d iv e r s ity  w h e n  it  a s s e s s e s th e  im p a c ts  o f  p o w e r  p la n ts ?

Y e s N o NB

P U C s 3 /2 3 1 9 /2 3 1 /2 3

D N R s 1 1 /1 7 4 /1 7 2 /1 7

H o w  im p o r ta n t ,  a s  a  fu tu r e  is s u e , w il l  b io d iv e r s ity  be  to  y o u r  a g e n c y ?

M a jo r issue M a y  b e c o m e N o  o p in io n P ro b a b ly  n o t  W il l  n o t

NB

P U C s 3 /2 3 3 /2 3 3 /2 3 7 /2 3 0 /2 3 7 /2 3

D N R s 8 /1 7 6 /1 7 0 /1 7 1 /1 7 0 /1 7 2 /1 7

D o e s  y o u r  a g e n c y  fu n d  a n d /o r  c o n d u c t  re s e a rc h  o n  b io d iv e r s ity ,  e c o s y s te m  m a n a g e m e n t ,  o r  s u s ta in a b le  u se?

Y e s N o NB

P U C s 1 /2 3 2 1 /2 3 1 /2 3

D N R s 9 /1 7 7 /1 7 1 /1 7

Fig. 2. Responses

Few PUCs (18%) responded that they consider bio
diversity when they assess power plant impacts. In 
contrast, most (65%) state natural resource agencies 
responded that they consider biodiversity. In Breece 
and Ward's survey, 22% (24 of 91) of utilities that have 
environmental policies responded that they address or 
mention biodiversity in these policies.

Only 5% of PUCs (in our sample, only California) 
conduct or fund research on biodiversity, ecosystem 
management, or sustainable use, whereas 53% of the 
state natural resource agencies responded that they do. 
In Breece and Ward's survey, only 19% of utilities said 
they were involved in research, but 59% felt that industry 
should be more involved with biodiversity research.

Most respondents provided additional comments 
not specifically asked for in the questionnaire. A few 
states felt that the terms biodiversity and ecosystem 
management were difficult to address because they 
mean different things to different people. Other states 
have strongly embraced biodiversity conservation and 
are either modifying agency rules (Ohio), developing 
biodiversity programs (Nevada), producing biodiver
sity reports (Missouri), or implementing interagency 
biodiversity planning (California).

Figure 2 presents responses to some of the key sur
vey questions.

WHAT DO THESE RESULTS TELL US?

How do other state agencies define biodiversity? In our 
survey, state agencies indicated that they generally 
subscribe to the scientific consensus on the definition of 
biodiversity as the full range of variation in native 
organisms and natural processes. As a practical matter, 
many existing programs on the protection of specific 
wildlife species and their habitats are included under 
the definition of biodiversity. States, such as Maryland, 
that are integrating ecosystem  m anagem ent into agency 
operations that focus most directly on biodiversity.

Do they think the effects of electric utility activities on 
biodiversity is important and if so what are they doing about 
it? The results of our survey of state agencies parallel 
the results of the Breece and Ward (1996) survey of 
utilities. Both surveys found that few states and utili
ties are directly addressing the biodiversity issue. In 
both cases, the survey results may have overestimated 
the degree to which biodiversity is being addressed, 
because agencies that are not addressing biodiversity 
at all may be less likely to respond.

Our survey results are also consistent with a recently 
published study by the Defenders of Wildlife (1996) 
entitled. Saving Biodiversity: A Status Report on State 
Laws, Policies and Programs. In this study the Center for
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Wildlife Law and Defenders of Wildlife drew from a 
variety of information sources to characterize the status 
of biodiversity policy and biodiversity science within aU 
50 states. The study listed the provisions for addressing 
biodiversity in the areas of biodiversity policy, biodiver
sity science, endangered species laws, state agency man
agement for biodiversity, impact assessment, habitat 
acquisihon, exotic species, animal damage control, ad
ditional legal protections for biodiversity, and related 
issues. Only four states have biodiversity policies and 
five have comprehensive programs for biodiversity sci
ence. Only Maryland and Wyoming have comprehen
sive state agency management for biodiversity. In the 
area of impact assessment of biodiversity, 14 states 
have "little NEPA laws" requiring assessment of state 
actions. Six states also have documented impact assess
ment requirements for transmission line siting, hydro- 
power development, or other electric utility related 
activities.

How important do they believe considering the effects of 
electric utility activities on biodiversity will be in the future? 
A comparison of the three studies shows that more 
than three-quarters of both utilities and state agencies 
feel that biodiversity will be an important issue in the 
future. While less than one-quarter of the utilities cur
rently consider biodiversity an Important issue, two- 
thirds of the state agencies consider it an important 
issue. Similarly, state agencies are more than twice as 
likely to be conducting or funding research on biodi
versity related issues.

How do Maryland's current and future plans for address
ing the effects o f electric utility activities on biodiversity 
compare with other states? Many states are beginning to 
address biodiversity and ecosystem management, but 
few are implementing such programs. Maryland is one 
of only two states with comprehensive state agency 
management for biodiversity. Maryland is also in the 
unusual position of having a division of the DNR that 
specifically addresses the environmental impacts of the 
electric utility industry, the Power Plant Research Pro
gram. The California Energy Commission, a unit of The 
Resources Agency, was the only similar entity respond
ing to the survey. Therefore, Maryland can proactively 
evaluate the effects of electric utility activities on biodi
versity and encourage management measures to en
hance biodiversity.

WHAT IS MARYLAND DOING TO ADDRESS 
BIODIVERSITY?

As part of the agency wide ecosystem approach, the 
Power Plant Research Program is looking at ways to 
work cooperatively with the utility industry to im
prove management for biodiversity. The siting and 
management of transmission line rights-of-way are an 
important area for this cooperation. The Power Plant 
Research Program is considering undertaking the fol

lowing joint activities with the electric utilities to ad
dress biodiversity.

Biodiversity guidance for utilities
The Power Plant Research Program could develop guid
ance for utilities to manage lands, avoid adverse biodi
versity impacts, and imdertake mitigation for enhancing 
biodiversity. This could draw on general scientific 
principles (e.g.. Council on Environmental Quality 
guidance for considering impacts) and approaches of
fered in the DNR Ecosystem Management initiative. 
The Power Plant Research Program would also coordi
nate with other state agencies to define statewide bio
diversity goals.

Biodiversity issues reiated to transmission iine 
rights-of-way
The Power Plant Research Program could undertake a 
specific research project to determine the impacts of 
habitat fragmentation caused by transmission lines on 
biodiversity in Maryland. Specifically, the Power Plant 
Research Program could conduct a joint project with 
the Patuxent Wildlife Research Center that draws upon 
existing rights-of-way research, the NBS Breeding Bird 
Survey data, Maryland Gap analysis project, threat
ened and endangered species data and the Maryland 
Biological Stream Survey data. The analytical step 
would be overlaying these biological data on the Power 
Plant Research Program's newly developed GIS of 
Maryland transmission line corridors.

Biodiversity issues related to hydropower 
facilities
To date, restoration of the Susquehanna River has fo
cused solely on anadromous fish species. This ignores 
the obvious losses of riffle habitat for native species in 
the impoundments. The Power Plant Research Pro
gram could raise the biodiversity issue on the Susque
hanna and conduct an assessment to learn if it is an 
issue to be pursued.

Biodiversity hotspots for use in power facilities 
siting
Arguably the most important biodiversity issue for the 
Power Plant Research Program is reducing the adverse 
impacts on biodiversity of siting of new electric power 
facilities. Maps of high species richness and distribu
tions of rare species are critical to developing the eco
logical siting criteria needed to minimize biodiversity 
impacts. The Power Plant Research Program could take 
the lead in developing these siting criteria by creating 
biodiversity hotspot maps using Maryland Biological 
Stream Survey data. Gap Analysis Project and terres
trial inventories from the Heritage and biodiversity 
conservation programs.
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Methodology to address cumulative impacts to 
biodiversity
The interconnected nature of biodiversity means that it 
is affected by many anthropogenic activities, including 
those of the electric utility industry. Even facilities that 
meet all existing permitting and license provisions still 
discharge various materials into the environment and 
create small, legally acceptable environmental perturba
tions that cumulatively affect biodiversity. Therefore, a 
comprehensive methodology for addressing the cumu
lative impacts of power generating and transmission 
facilities on the landscape scale is needed. The Power 
Plant Research Program could take the lead in develop
ing a cumulative impact methodology for biodiversity 
by focusing on power plant effects and developing 
methods (e.g., GIS tools) for evaluating them in the 
context of other activities in the watershed or landscape.
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GPS Guidance System for Right-of-Way 
Aerial Spraying of Phytocides

Jean Domingue and Jean Turbide

Vegetation control in remote powerline rights-of-way of northeastern Quebec requires innovative 
methods that need to be efficient and environmentally sound. To fulfill these needs, a herbicide 
spraying technique was developed using high technologies such as GPS positioning, computer 
assisted photogrammetry, telemetry and computer assisted drawing. The use of a GPS guidance 
system in conjunction with a delay calculation module to open and close nozzles significantly 
increased the ground precision of the spray. In field conditions on a rugged terrain, the spray 
beyond the buffer zones was 8  m or less in 92% of the time and was less than 14 m in 99% of the 
time (n = 148 buffer zones). This technology appears promising and proves to be an efficient 
technique for vegetation control in powerline rights-of-way.

Keywords: Aerial spraying, autom atic nozzles, GPS guidance system , Quebec, right-of-way, 
Tordon 101

INTRODUCTION METHODS

Vegetation control in remote powerline rights-of-way 
of northeastern Quebec requires innovative and cost- 
effective methods that need to be efficient and environ
mentally sound. Aerial spraying is often a 
cost-effective approach when large or remote areas 
have to be treated. However, conventional aerial 
spraying is often associated with drifting of pesticides 
and, for this particular reason, the technique cannot be 
used in the vicinity of environmentally sensitive areas.

To solve this problem, Hydro-Quebec, in collabora
tion with Naturam Environnement Inc., has developed 
a herbicide spraying technique that significantly re
duces drifting while remaining cost-efficient and envi
ronmentally safe. This technique relies on several high 
technologies: GPS positioning, computer assisted pho
togrammetry, telemetry and computer assisted draw
ing. The objectives of this vegetation control method, 
still under development, were: (1 ) to improve the effi
ciency of vegetation control in order to assure the net
work security, by maintaining or establishing low and 
compatible vegetation communities, and (2 ) to reduce 
operational costs in remote areas while maintaining the 
same level of environmental concerns.

The approach can be subdivided into three main opera
tional blocks: (1 ) identification of sites for treatment, (2 ) 
use of a GPS guidance system and automated spraying 
system to maximize the precision of treatments, and (3) 
use of an automated station for constant monitoring of 
meteorological data (Fig. 1).

Identification of sites for treatment
Rights-of-way scheduled for treatment are photo
graphed at a 1:2000 scale using an infra-red film. Based 
on preliminary works we have conducted, topographic 
maps at a 1:50 000 scale carmot be used with sufficient 
accuracy, when locating tower structure for example, 
and they can induce coordinate error of up to 1 0 0  m. 
Therefore, we had to rely on aerial photographs for 
better precision. These aerial photographs are analyzed 
by photogrammetry to delineate precisely the areas 
selected for vegetation control, and to localize all sensi
tive areas and their adjacent buffer zones. Most of these 
sensitive areas consist of small streams with a width of 
3 m or less. For each sensitive area, a 60 m untreated 
buffer zone is used to protect water quality.
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Fig. 1. Flow chart of the different steps involved in aerial spray
ing of herbicides in Hydro-Quebec powerline rights-of- way.

The final polygon mosaic is composed of areas for 
vegetation control intersperse with sensitive and buffer 
zones. These polygons are georeferenced using the 
powerline towers on the infra-red photos as bench 
marks. The data set is finally recoded into a format 
compatible with a GPS guidance system.

GPS guidance system.
The GPS guidance system is made up of three compo
nents: a GPS unit (AGNAV P-111, Picodas Group, Rich
mond Hill, Ontario), a receiver for differential correction.

and a delay calculation module. The first two units 
determine the exact position of the helicopter five times 
per second. The third unit controls the spraying sys
tem. The main unit integrates the block coordinates 
while the GPS system provides the exact location of the 
helicopter. A monitor in the helicopter indicates the 
progression of the work by illustrating the sprayed 
area.

Nozzles are opened and closed automatically by a 
unit that makes all the necessary delay calculations, 
according to helicopter altitude, speed, time to build 
up the required pressure in the spraying system. The 
sprayed area is real-time displayed on the monitor and 
all data are stored on a hard disk. Data can later be 
retrieve for post-treatment mapping and analysis (Fig. 
2). The Thru-valve boom spraying system produces 
large droplets of Tordon 101 (DowElanco, Calgary, AB) 
which are less prone to aerial drift. By using the GPS 
guidance system in conjunction with the delay calcula
tion module, herbicide droplets can reach the ground 
with a high precision. This system also ensure an ade
quate overlap between each sprayed transect for total 
ground coverage.

Automated weather monitoring station
A portable weather station (Fig. 3) is installed in the 
ROW to radio-transmit local meteorological conditions 
at treatment sites: temperature, relative humidity, 
wind speed and direction, barometric pressure and 
precipitation. This weather station can easily and safely 
be slung by helicopter as the treatment progresses. The 
weather station transmits data every 30 seconds to the 
herbicide mixing station and the base camp. Data can 
be viewed instantly on line or users can obtain a sum
mary of the past 6  hours of data recording. Due to the 
high variability of weather conditions at a micro-scale

Fig. 2. Example of a post-treatment analysis between towers 440 and 444 in a powerline right-of-way. Black squares correspond 
to tower location, shaded areas are buffer zones adjacent to streams (black lines), treated areas are represented by the long and

narrow rectangles.
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Fig. 3. Portable weather monitoring station used during 
spraying operations to transmit weather conditions.

(caused by altitude, valley orientation, etc), this port
able station enables the field crew to know weather 
conditions prior to treatment. This allows respect of all 
relevant environmental conditions during spraying 
and saves a lot of time.

Fig. 4. Aerial spraying in controlled experimental conditions.

RESULTS AND DISCUSSION

The system was calibrated in controlled experimental 
conditions where topography was flat for easy helicop
ter access and in the absence of electrical towers (Fig. 4). 
Bands of water sensitive paper were aligned on the 
ground to measure off target distances of herbicide 
deposition. In summer 1996, the GPS-guidance and 
spraying systems were field tested on a rugged terrain, 
in 735 kV powerline ROWs where conductor/ground 
clearance was between 13 and 25 m (40-80 ft).

Under controlled experimental conditions, ground 
precision of the GPS-guidance system was about 1 m. 
This precision was achieved by fine-timing all compo
nents of the system (ex. GPS receivers, delay calcula
tion module), and this precision was maintained 
throughout the final testing steps.

Under field-testing conditions, where electrical tow
ers, conductors, and ground vegetation were present 
(Fig. 5), herbicide deposition within the buffer zones 
was 8  m or less in 92% of the time (Fig. 6 ) and was less 
than 14 m in 99% of the time (n = 148). The maximum 
recorded was 21 m in only one instance. All sensitive 
areas were therefore totally protected from the herbi
cide by the experimental buffer zones (60 m wide).

From an operational point of view, the system was 
also efficient. During the 1996 spraying campaign, field

Fig. 5. Vegetation in a powerline right-of-way after an aerial 
spraying of Tordon 101.
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Fig. 6 . Occurrence of overlap in buffer zones during aerial 
spraying of Tordon 101 using a GPS guidance system in 1996.

productivity was estimated at 7 ha/hour. This estimate 
includes refueling of helicopter (fuel and herbicide), 
and transportation time between treatment sites and 
the mixing station.

This technology appears promising since this kind 
of precision has never, to our knowledge, been attained
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before during aerial spraying of herbicides. In the ac
tual context where financial resources are limited but 
environmental concerns are growing, this high-tech 
system proves to be an efficient approach for vegeta
tion control in remote powerline rights-of-way. More
over, this approach seems environmentally safe since 
no quantifiable herbicide was detected in small streams 
protected by buffer zones during a post-treatment 
monitoring study (Garant et al. 1995).
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Geographic Information Systems (GIS) and 
Remote Sensing (RS) Applications for the 

Selection and Environmental Evaluation of 
High Voltage Transmission Line 

Rights-of-Way in Colombia

Luis Fernando Cadena, Bernardita Calinao, Alvaro Torres,
and Fernando Anzola

The Interconexion Electrica S.A. (ISA) — a state-owned company whose principal business in 
Colombia is planning, constructing and operating the national electrical transmission system, 
through energy generated from thermal and hydroelectric power plants — is among the companies 
in the country reflecting an increasing concern and protection for the environment. ISA's identifi
cation of optimal routes for high voltage transmission lines, for example, involves not only 
engineering and cost criteria but also environmental and socio-cultural criteria. This integrated 
analysis has been successfully achieved through the application of geographic information systems 
(GIS) and remote sensing (RS) technology during the route selection. GIS and remote sensing for 
route selection have been applied over the last five years for a combined total of 945 km for three 
major transmission lines crossing diverse physiographic conditions. In the course of the projects, 
two GIS technologies (ILWIS and ARC/INFO) were employed for route selection and two remote 
sensing technologies (Spot Images and Satellite Images through ERDAS) were likewise applied. 
This paper will describe the application of GIS and remote sensing technology in two of ISA's 
projects involving route selection, environmental sensitivity analysis and monitoring of transmis
sion line rights-of-way. The result of the application is the integration of environmental with 
engineering processes, improved environmental evaluation procedure and the consequent formu
lation of more appropriate environmental controls. Following construction, GIS also serves as a 
useful tool for the purpose of environmental monitoring, implementation of the environmental 
management plan and decision making.

K eyw ords: Satellite images, route selection, environmental sensitivity analysis, environmental-elec
trical engineering design, low, moderate and high ecological and/or social aptitude, entity/relation 
model

INTRODUCTION

The Interconexion Electrica S.A. (ISA), a state owned 
company whose principal business in Colombia is plan
ning, corrstructing and operating the national electrical 
transmission system, is among the companies in the 
country showing greater concern for protecting the envi
ronment. ISA's selection of optimal routes for high volt
age transmission lines, for example, incorporates 
engineering, cost and environmental and socio-cultural

criteria. This has been successfully achieved through 
the application of geographic information systems 
(GIS) and remote sensing (RS) technology during the 
route selection of transmission lines rights-of-way.

A geographic information system (GIS) is defined 
as "a set of software tools, hardware, geographic 
data and personnel designed for capturing, storing, 
updating, manipulating, analyzing and displaying 
every form of geographically-referenced informa
tion." (ESRI 1994).
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which represents 0.04% of the world's land surface, 
contains 1 0 .0 % of the world's flora and fauna.

The Natural Parks System of Colombia with its 43 
units of parks, sanctuaries for flora and fauna, natural 
areas and reserves covers a total area of approximately 
nine million hectares. The ethnic population which is 
approximately 600,000 (2 % of the national population) is 
divided into 81 ethruc groups and is spread in more than 
400 reservations covering a total area of 27.6 million hec
tares which translates to approximately 24% of the na
tional territory (Pineda and Rummenhoeler 1995).

Figure 1 identifies the current and projected net
work of electrical transmission lines in Colombia 
through the year 2006. In general, a period of about 3-5 
years can take place between initiating a project to 
actually energizing the line.

Environmental studies for transmission lines design 
is recent in the Colombian electrical sector. ISA has 
organized concurrent-type designs by establishing a 
cross disciplinary working system among technicians, 
planners and environmental experts in order to iden
tify proposed transmission line rights-of-way with 
minimal environmental impacts and maximum re
gional benefits. Table 1 illustrates the parallel working 
relationships between the technical and environmental 
group for the projects.

Fig. 1. Expansion network 1997-2006 of Colombian 
interconnected transmission system. The map shows actual 
and future network of 230 and 500 kV transmission lines of 
the National Interconnected System (NIS). • Transmission 
substations; ■ power plants.------: 230 and 500 kV actual lines;

------------ : 500 kV future lines;------ : 230 kV future lines.

Remote sensing technology refers to satellite and 
radar images which are becoming increasingly impor
tant tools of information technology because of the 
growing need for more precise and efficient interpreta
tion and visual representation of information in envi
ronmental and engineering studies (Bell 1995).

Two examples of GIS and remote sensing applica
tions are presented in this article:

(a) the 500 kV transmission line extending approxi
mately 380 km from San Carlos (Antioquia) to San Mar
cos (Valle del Cauca) carried out from 1994 to 1995, and

(b) the Paipa-Bucaramangga 230 kV transmission 
line, 200-km long, carried out between 1995 and 1996. 
For purposes of the route selection, both corridors were 
assigned an approximate width of 30 km.

The unique environmental and sociocultural condi
tions combined with the newly created environmental 
laws of Colombia make environmental work difficult 
and demanding. Corridor-type projects such as trans
mission lines which must cross diverse ecosystems and 
ethnic groups make the task even more challenging. 
Colombia is among the 12 countries in the world, ranking 
only second to Brazil, identified as possessing significant 
mega-biodiversified ecosystems. Its total land area.

Table 1. Basic environmental processes where GIS plays a key 
role in concurrent planning and design

Engineering
process

Environmental process

Pre-selection of 
corridor

The determination of Environmentally 
Restricted Areas (e.g. natural parks, forest 
reserves) is simultaneously conducted 
during preselection of corridor. The GIS 
helps in providing better criteria in the 
creation of ISA's National Electric 
Expansion Plans which avoids highly 
sensitive and fragile ecosystems

Route selection The Environmental Analysis of Alternatives 
through which the most environmentally 
viable route is selected is conducted during 
route selection process. This is best 
achieved with the aid of remote sensing 
technology.

Design The preparation of the Environmental 
Impact Assessment for the selection of the 
final route is conducted in simultaneous 
fashion as the engineering design phase. 
Besides characterization of environmental 
components and the evaluation of impacts, 
the development of an environmental plan 
is also accomplished.

Operation and 
maintenance

During operation and maintenance of the 
powerlines, ex-post evaluations and the 
implementation of environmental 
management program are conducted.
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OBJECTIVES

The principal objective of this paper is to present a new 
conceptual and methodological framework for the en
vironmental analysis, route selection and design of 
electrical transmission line projects through (a) the ap
plication of an image interpretation system to facilitate 
environmental characterization within a regional con
text, and (b) the application of a geographic informa
tion system to achieve greater precision in the 
environmental evaluation process.

In conformity with Colombian Law No. 99 of 1993, 
ISA has cooperated with the Ministry of Environment 
to accomplish the analysis o f environmental alternatives 
and the evaluation o f environmental impacts of high volt
age transmission lines projects. These two studies are 
required prior to obtaining construction approval. In 
order to comply with the above mentioned environ
mental law, the objectives of corridor studies are:
-  To characterize, at regional scale, the existing envi

ronmental conditions in the project area in order to 
identify sectors that are ecologically and/or socially 
sensitive to construction and operation impacts. 
This objective is achieved with satellite image inter
pretation.

-  To apply GIS for analyzing alternatives and select
ing the optimal transmission line route based on 
technical, environmental and sociocultural criteria.

-  To identify sociocultural, economic and ecological 
effects of the project which serves as useful prelimi
nary information for the subsequent impact evalu
ation study.

Fig. 2. Methodological sequence of GIS uses.

Accomplishment of these objectives is reflected in 
the selection of the optimal altemabve characterized both 
in graphic (scale 1  cm:l km) and non graphic form, the 
development of an environmental data base for sub
sequent impact evaluation, and the realization of con
current environmental-electrical engineering design.

METHODOLOGY

GIS and remote sensing have been successfully applied 
over the last five years for a combined total of 945 km 
in three major transmission lines crossing diverse 
physiographic conditions. This paper will refer only to 
two of the three projects covering a stretch of 610 km. 
In the course of the projects, the GIS and remote sens
ing technologies ILWIS and ARC/INFO GIS, Spot and 
Landsat Images were applied for route selection. The 
methodological sequence using GIS and satellite im
ages are outlined in Fig. 2.

Use of satellite images
Figures 3 and 4 show the LANDSAT images used for 
the route selections of the Paipa-Bucaramanga and San 
Carlos-San Marcos transmission lines. The image in 
Fig. 4, covering an area of 180x100 km shows the line 
corridor. The information source for this analysis in
clude LANDSAT Image TM9-56 and TM9-57, basic 
cartography (1 cm:250 m), and participating environ
mental experts. This satellite image is taken by passive 
sensors which record the reflection of solar electromag
netic radiation on the earth's objects through the com
bination of the seven bands used in the division of the 
electromagnetic spectrum. This process allows the 
identification of vegetation cover, water bodies, geo
logical formations, urban areas, major facilities, and 
other characteristics.

Seven-step processing and analysis procedure was 
conducted on the LANDSAT images, namely:

(1) Satellite image processing: the satellite image is 
prepared for specific interpretation (e.g. geology, land- 
use);

(2) Georeferencing: using the digitized base map, the 
satellite images were placed in geographical coordi
nates;

(3) Preparation of images in false color for texture analy
sis: This allows representation, through colors, of the 
different textures identifiable in the images reflecting 
vegetation, water, landforms, infrastructures etc.;

(4) Preparation of images for physical processes analysis: 
Geomorphologic processes, soil conditions, faults, etc. 
are determined in 1  cm:l km scale which eventually 
serves as primary data to carry in the field for verifica
tion and more detailed investigation;

(5) Principal components analysis: Composite land
scape units are created by combining components (e.g. 
textures and landform) to aid in image interpretation;
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Fig. 3. "Virolin" window of LANDSAT satellites image. Paipa-Bucaramanga line. The image shows a highly sensitive and critical area, 
Virolin Natural Reserve, which is framed with a window in a Landsat image of the Paipa-Bucaramanga 230 kV transmission line. This 
image was used in the Environmental Analysis of Alternatives. Two alternative corridors are at the left of the Virolin Reserve.

Fig. 4 (opposite). San Carlos-San Marcos 500 kV transmission 
line. Black and white reproduction of color composition 
LANDSAT TM satellites image. The image covers an area of 
180x180 km in the middle section of the San Carlos-San 
Marcos 300 kV transmission line with a 380 km total length. 
In this section there were two corridors alternatives analyzed 
in the Route Selection Study of the design's process.
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Fig. 5. SIG implementation of environmental selection of route.

(6 ) Automatic classification: Allows identification at a 
greater level of detail (1 cm:500 m) significant features 
such as vegetative cover and landuse; and

(7) Topographic analysis and generation of digital terrain 
models: Different digital models are generated by com
bining the satellite image with the topographic map in 
order to present features as drainage systems and exist
ing roads.

The use of GIS in route selection
The digital cartography prepared from information 
provided by environmental specialists was processed 
and analyzed through ILWIS and ARC/INFO. The 
general methodology for analyzing and processing in
formation through ILWIS is summarized in Fig. 5 and 
through ARC/INFO is summarized in Fig. 6 .

In order to spatially identify the environmentally 
sensitive areas, the corridor was divided into mi
croareas (500x500 m). Each one of these areas was 
assigned an environmental indicator (relative weight) 
ranging from a zero sensitivity reading to extremely 
high sensitivity reading. The relative weights assigned 
to landscape emits conform with the categories used in 
the Law No. 99 of 1993. Total environmental sensitivity 
(St) is a logical function of sensitivity for each one of the 
environmental components, and may be understood in 
the following equation:

St = f(£t/Er/Ec/Dp/Cu)

where Et is sensitivity due to geological stability, Er due 
to erosion. Pc due to proximity to water bodies. Dp due 
to biological diversity or agricultural productivity and 
Cu due to compatibility with land use. The interpreta
tion of satellite images and its conversion to carto
graphic-type maps was made with the ERDAS Imagine 
System developed by ERDAS Inc. on a Silicon Graphics 
workstation.

The use of GIS for environmental impact 
assessment and monitoring
Environmental impact assessment is defined as a proc
ess which attempts to identify, predict and assess the 
likely consequences of proposed development activities. 
The GIS has broad utility in the analytical and integrative 
phases of environmental impact assessment because 
it facilitates simultaneous and collaborative study be-

TtCHNICAL-CWWIP ITAL TKfffiCALMeSULT

COMRDfMS
FRXJS-MClVnS

Fig. 6. Conceptual model for environmental impact analysis.
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tween engineers and environmental experts as well as 
the visualization of environmental components and 
impacts. The GIS is an effective technique in identify
ing possible interrelationships and has potential for 
identifying geographic areas and environmental issues 
of particular concern while easily communicating the 
information in visual form to the public.

The GIS implemented for power transmission line 
design and for performing the environmental impact 
evaluation has a relational structure supported by 
ESRl's ARC/INFO system and uses ORACLE as the 
data base management system. This system was de
signed for a client/server environment so as to permit 
easy access of different specialists within the design 
and environmental studies group.

Environmental components for the evaluation of 
impacts are: geology, vegetation, soil and land use, 
fauna and flora, water sources, transportation access 
and socio-economic issues. The evaluation of impacts 
is performed with the methodologies of impact matri
ces and network by components and activities. Besides 
defining activities, potential impacts are categorized 
and evaluation criteria are defined for this systematic 
evaluation.

The Entity/Relation model, illustrated in Fig. 7, al
lows the adequate integration and management of in
formation gathered for each environmental component 
in every microarea of the corridor of the project. Figure 
7 shows, as example, the entity/relation model for the 
vegetation component.

To evaluate impacts, the variables defining the "im
pact panorama" or reference frame for the definition of 
impacts are determined for each environmental com
ponent. Thus, the following fimction is obtained:

C, = F(Vi, V2 , Vs,.... V„)

where C, is a component, like vegetative cover, and the 
R's are independent variables defining the impact on

the component. For example, in the case of vegetative 
cover the independent variables are life zones, 
physiographic position and slope. Life zones are de- 
flned on the basis of altimetric levels, temperatures 
and rainfall curves. These variables are obtained by 
spatial interpolation of data collected from meteoro
logical stations.

When the component activities of the project are 
identified, together with the possible impacts resulting 
from such activities and with the dependency variables 
for each environmental components, evaluation mod
els of impacts are determined and discriminated by 
activity/ category, environment/impact/criteria on the con
dition/ cause/symptom relation. This systemic model di
agnoses (measure of criteria) the symptom (impact) 
based on known causes (activity). Figure 6  illustrates a 
schematic description of the model.

RESULTS AND DISCUSSION

ILWIS application (Integrated Land and Water Infor
mation System)
The ILWIS-GIS software package was applied in two 
corridor projects of ISA. Its most important contribu
tion is manifested during the route selection phase of 
the projects. The ILWIS system facilitates comparative 
rating and evaluation of the corridor alternatives 
through statistical results produced by the system. The 
results of this application are based on pixel numbers 
which have been assigned numeric weights to spatially 
define the levels of area sensitivity within the corridors. 
In like manner, the general environmental manage
ment requirements are determined to identify the level 
of ease or difficulty in managing the corridors.

The categories applied in ILWIS are compatible with 
those stated in the Law No. 99 of 1993 and they are as 
follows:

Fig. 7. Entity-relation diagram for forest inventory. San Carlos-San Marcos transmission line.
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Hi^hl}/ Sensitive and Critical Area. These are ecosys
tems of immense ecological importance that are spa
tially delineated and completely avoided in the 
selection of the corridor.

Low Ecological and/or Social Aptitude. This constitutes 
ecosystems that may be considered in the selection of 
the corridor but are highly susceptible to ecological and 
social impacts imposed by the proposed transmission 
lines construction and operation. These areas are also 
those that are highly susceptible to technical, economic 
and construction difficulties.

Moderate Ecological and/or Social Aptitude. This consti
tutes ecosystems with similar conditions as in low ap
titude that manifest moderate limitations.

High Ecological and/or Social Aptitude. This constitute 
ecosystems that may be assimilated within the corridor 
because only negligible impacts as well as the likeli
hood of occurring positive impacts are expected from 
these areas.

In Fig. 8 , we see the distribution of environmentally 
sensitive areas in the Bucaramanga-Paipa corridors. 
Two corridor alternatives are presented, the eastern 
and the western corridors, both of which illustrate 
rather similar patterns in their levels of aptitude.

As illustrated in Fig. 8 , the western corridor contains 
more critical areas, in terms of ecological importance, 
than the eastern corridor. The ecosystems found in the 
area which were categorized as significant are those 
found in extreme high altitudes such as the paramos or 
fragile mountain ecosystems and undisturbed tropical 
forest reserves. The areas that require special manage
ment, most of which are distributed in the southern 
section of the corridors, include lakes, forest covers, 
archaeological sites, utility lines and human settle
ments.

Toward the north end, a unique geological forma
tion known as the Canon of Chicamocha, poses tre
mendous challenge both for construction and 
environmental protection. The canon is characterized 
by extremely steep slopes, unstable soils and the lack of 
access.

ERDAS application
Figure 9 illustrates the results of the sensitivity analysis 
in the corridors. The information source for this analy
sis include LANDSAT Image TM9-56 and TM9-57, ba
sic cartography (1 cm:250 m), and participating 
environmental experts. Information processing was 
achieved using ERDAS IMAGINE 8.1. As illustrated in 
Fig. 9, the corridor and its alternative segment is gener
ally characterized by low to moderately high sensitive 
areas. Areas with extremely high sensitivity have been 
avoided during preselection using the ILWIS package. 
The information provided in this map facilitated plan
ning of the environmental impact study. The sub
sequent implementation of the impact evaluation was 
focused in areas of higher sensitivity.

ACMBW:iCm TOR C fflJBtlS
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Fig. 8. Environmental sensitive areas in Bucaramanga-Paipa 
230 kV line. Alternatives Environmental Analysis. This map 
was originally in color, but it is perfectly possible to see 
different types of greys corresponding to different 
environmental sensitivity and aptitude categories (7 in the 
map): highly sensitive and critical areas; very low aptitude; 
low aptitude; moderate aptitude; moderate to high aptitude; 

high aptitude; and very high aptitude.

Figure 10 shows a comparison of two route alterna
tives from a viewpoint of environmental sensitivity 
(Torres 1994). The fundamental contribution of ERDAS 
was to provide information on the status of the envi
ronmental components over the extremely large area 
covered by the project. This information was used to
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Fig. 9. Environmental susceptibility in the San Carlos-San Marcos 500 kV transmission line.

M n d e r a te  lI lK h  V e ry  l l t x b

S D S C E P T I B I L IT V  L E V E L S  

Cl Ka<t Alternative □ Weal Alternative I

Fig. 10. Comparison analysis of route alternatives in the San 
Carlos-San Marcos transmission line.

examine the sensitivity levels of the two preselected 
corridors and determine which of the two are less sen
sitive from an environmental perspective.

ARC/INFO application
The evaluation of environmental impacts can be diffi
cult because it is necessary to see all the possible actions 
that a proposed project may pose to the environment. 
It is also difficult to deal with a situation, such as

envisioning impacts of a proposed project, that in
volves a lot of uncertainty. The application of 
ARC/INFO, as illustrated earlier in Fig. 6 , attempts to 
resolve some of the difficulties in environmental as
sessment by promoting a more systems approach that 
focuses on causal chains that dynamically link poten
tial causes and subsequent effects. A systems apiproach 
not only helps in a comprehensive understanding of 
the impacts but in achieving the integration of impacts 
with other impacts that must be considered by decision 
makers.

The application of GIS for environmental impact 
analysis emphasizes the importance of correlating im
pacts of the many phases of construction activities to 
different environmental components and sensitive ar
eas throughout the 380 km route of the San Carlos-San 
Marcos Line. To consider such a huge number of vari
ables it was necessary to automate the impact evalu
ation to support the decision-making process of the 
environmental and engineering design groups. The 
importance of GIS is the move toward more precision 
in impact evaluation and improved criteria allowing 
the evaluation of impacts based on the dynamics of the 
environment, that is on the flow of materials and goods 
within and among affected resources (Erickson 1993.)
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CONCLUSION

Geographic Information Systems (GIS) and remote 
sensing (RS) technologies were successfully applied in 
the route selection and environmental evaluation of 
two high voltage transmission lines with a length of 
approximately 610 km, the first applications ever made 
in Colombia. They facilitate the evaluation of rights-of- 
way in a manner that is easy and reliable and allow the 
execution of a dynamic and systematic model which 
optimizes parallel engineering and environmental 
evaluation processes. This feature of the GIS and RS is 
significant given the spatial magnitude of transmission 
line projects and requirements in rights-of-way man
agement.

GIS and RS addresses the need for more accurate 
methodologies in environmental design and research 
through a system which allows the objective and auto
matic realization of environmental sensitivity and im
pact studies. The applications minimize subjectivity 
which may arise due to the extension of analysis in 
different situations over a period of time. GIS and RS 
not only provide high-quality results but their applica
tion also permit the reduction of design time and costs 
and promote the implementation of concurrent engi
neering as early the conceptual design stage.
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The Effects of a Buried Natural Gas Pipeline 
on Water Quality, Stream Habitat, and Biotic 
Populations within High Quality Cold Water

Streams in Upstate New York

Denis P. Blais and Daniel L. Simpson, Jr.

A study to determine the effects of a buried gas pipeline on water quality, stream morphology and 
habitat, and biotic populations was performed on six cold water streams in upstate New York. The 
six streams represented three general morphological types based on gradient and bottom substrate 
composition (steep gradient/cobbles and gravel; steep gradient/sand and gravel; gentle gradi
ent/sand and silt). Permanent transects were established upstream of the right-of-way, along the 
centerline of the pipe, and downstream of the right-of-way for each stream. Four water quality 
parameters, nine in-stream and stream side habitat variables, and biotic populations were assessed 
prior to, during, and for three years following construction of the pipeline. The results of the water 
quality measurements showed no apparent effect on water temperature, pH, or dissolved oxygen 
during and following construction of the pipeline. The primary impact to the streams was an 
increase in total suspended solids which occurred during construction activities. Total suspended 
solids measurements were highest along the centerline transect and decreased by 51% to 82% 100 
m downstream. Generally, percent riffle fines, percent pools, the amount of instream cover, the 
amount of stream side vegetation, and percent mid-day shade all decreased within the right-of-way 
following construction, while the percentage of gravel and cobble increased. Overall, there ap
peared to be no long-term effects on benthic invertebrate populations for two of the streams 
included in the analysis, and fish populations appeared largely unaffected for all six streams.

Keywords: Pipeline, trenching, water quality, stream habitat, benthic invertebrates, fish populations

INTRODUCTION

Previous research has demonstrated that potential im
pacts to streams resulting from buried pipeline con
struction and the long-term presence of a pipeline 
right-of-way include increased suspended sediments 
and bedload, altered riparian and in-stream habitat 
structure and composition, and changes in down
stream water quahty (Baddaloo 1978, Cordone et al. 
1961, Gartman 1984, Tsui et al. 1981, Vinikour et al. 
1987, Young et al. 1991, Zallen 1984). These impacts 
have the potential to affect populations of benthic or
ganisms and fish that inhabit these systems.

The primary concerns regarding pipeline construc
tion through streams pertain to increased turbidity lev
els and sedimentation. Previous studies have produced 
conflicting results regarding the effects of increased

turbidity and sedimentation from pipeline construc
tion on fish and benthic invertebrate populations. Cor
done et al. (1961) reviewed studies that investigated 
biological effects of increased sedimentation and tur
bidity on aquatic systems and concluded that sedimen
tation can adversely affect productivity through all 
trophic levels. Vinikour et al. (1987) foimd that pipeline 
construction across the Little Miami River (a warm 
water fisheries) reduced fish and invertebrate popula
tions within 1 0 0  m downstream for up to eight months 
as a result of increased sediment loads. These popula
tions subsequently returned to approximate, pre-con
struction estimates. Other studies have indicated only 
minor, short-term decreases in benthic invertebrate 
populations, wherein the declines were limited to the 
season during which construction was completed 
(Baddaloo 1978, Tsui et al. 1981, Young et al. 1991). One
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study by Gartman (1984), in the right-of-way portion of 
a Pennsylvania study stream, found that benthic inver
tebrate populations actually increased as a result of 
heavy invertebrate colonization of the newly exposed 
substrate following construction.

Compared to studies of the effects of turbidity and 
sedimentation on benthic invertebrates, the effects of 
pipeline construction on fish populations and spawn
ing are not as well documented. One study on moun
tain whitefish {Prosopium zvilliamsoni) in British 
Columbia, demonstrated that no detrimental impacts 
to incubating eggs or juveniles occurred as a result of 
pipeline construction (Zallen 1984). The apparent lack 
of documentation of the effects of turbidity and sedi
mentation on fish populations is attributed primarily 
to strict regulatory restrictions prohibiting pipeline 
construction during sensitive fish spawning periods.

This study was prompted by the general lack of data 
concerning pipeline crossings of cold water streams in 
the northeastern United States, and because the major
ity of existing studies are unreplicated "one-stream" 
studies or focused primarily on the effects of pipeline 
construction on the physical attributes and water qual
ity of streams, rather than biota. This study was de
signed for the Iroquois Gas Transmission System 
(IGTS) to evaluate upstream and downstream physical 
characteristics, habitat structure and composition, 
water quality, and fish and benthic invertebrate popu
lations prior to and following construction of the pipe
line. The specific objectives include: (1) to determine 
the effects of pipeline construction on water quality 
during the construction period; and (2 ) determine 
whether there are any long-term effects on stream 
water quality, habitat, or biotic populations resulting 
from pipeline construction and the introduction of a 
cleared right-of-way to the stream corridor.

METHODOLOGY

Six cold water streams (three small stream systems and 
three large stream systems), all located in New York 
State (Fig. 1), were selected based on three criteria: (1) 
the proposed pipeline crossing technique; (2 ) stream 
bottom substrate type; and (3) stream flow rates (Table 
1). The proposed pipeline crossing techniques included 
a wet ditching technique or a dry/partially dry ditch
ing procedure depending on the situation. Stream mor
phological categories included a steep gradient with a 
rock/cobble/gravel bed; a steep gradient with a 
sand/gravel bed; and a gentle gradient with a 
sand/silt bed. All of the streams have been designated 
as trout supporting waters by the New York State De
partment of Environmental Conservation.

A total of five surveys were performed on each 
stream. Pre-construction surveys of each study site were 
conducted in June and July of 1991 prior to the initiation 
of in-stream construction activities. Construction surveys

were conducted for each stream during August and 
October of 1991 (two surveys per stream), and sub
sequent surveys for each stream during November 1993, 
August and September 1994, and August 1995.

Water quality and stream habitat
For each of the selected streams, four belt transects (ap
proximately 5 m in width), were established perpendicu
lar to stream flow at 50 m upstream of pipeline crossing, 
on the centerline of the pipe, 50 m downstream of the 
pipeline crossing, and 1 0 0  m downstream of the crossing. 
Measurements of water quality and habitat parame
ters, benthic invertebrate populations, and fish popula
tions were obtained at each of the four belts.

Quantitative water quality and stream measure
ments included temperature, pH, minimum dissolved 
oxygen. Water samples were collected and sent to labo
ratories (Adirondack Environmental Services, Inc. dur
ing 1991-1994 and Upstate Laboratories, Inc. 1995) for 
analysis of total suspended solids. Visual observations 
were used to make qualitative assessments of habitat 
variables including riffle fines, percent pools, percent 
in-stream cover, percent streamside vegetation, and 
percent midday shade. The percent of the stream bot
tom of the various substrate types (boulder, cobble, 
gravel, sand, and silt) were also estimated for each of 
the four belt transects.

Fig. 1. Geographic location of the six cold water streams in 
New York State in relation to the Iroquois Gas Transmission 

System pipeline right-of-way.
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Table 1. Name, location, crossing techiuque, and morphological characteristics of the six study streams. NYSDEC uses an 
alphabetical system for the classification of waters on the basis of existing or expected best usage and range from Class A (the 
highest quality) to Class D (lower quality). A "(T )" designation following the water classification indicates that the aquatic system

is capable of supporting trout populations.

Stream system Location 
Town/county

Proposed crossing 
technique

Stream gradient/ 
bottom substrate

Approx, 
width (m)

Average 
depth (cm)

NYSDEC
classification

Indian River Diana/Lewis wet ditching steep/sand and gravel 5 91 C(T)

Black Creek New Bremen/Lewis wet ditching gentle/sand and silt 5 1 2 2 C(T)

Sugar River Leyden/Lewis wet ditching steep/rock, cobble, and 
gravel

24 1 2 2 C(T)

Alder Creek Boonville/Oneida wet ditching/dry or 
partially dry ditching

steep/sand and gravel 5 1 2 2 C(T)

Wappinger Creek Pleasant Valley/ 
Dutchess

wet ditching gentle/sand and silt 17 1 2 2 B(T)

Tenmile River Dover/Dutchess wet ditching steep/rock, cobble, and 
gravel

23 107 C(T)

Upstream and downstream measurements of the 
four water quality variables and six stream habitat 
parameters were recorded during active pipeline con
struction (e.g., trenching, back filling, bank restoration) 
on the Indian River, Black Creek, Sugar River, and 
Alder Creek. Pre-construction measurements of tem
perature, pH, and dissolved oxygen were not deter
mined for Wappinger Creek and the Tenmile River due 
to landowner access restrictions outside of the right-of- 
way. Additionally, landowner restrictions during con
struction also prohibited data collection in the off 
right-of-way belt transects for Wappinger Creek, and 
consequently, these data were not included in the 
analysis for these two systems.

Benthic invertebrates
Benthic invertebrates were collected from each of the 
four belt transects using a D-frame dip net Bottom 
substrate was kicked up and disturbed to dislodge 
invertebrates while the net was held immediately 
downstream to capture drifting invertebrates swept up 
in the current. Additionally, individual rocks also were 
lifted and examined and individual organisms were 
collected. All collected individuals were preserved in 
100% isopropyl alcohol and identified to Order, and a 
calculation of species diversity was made using the 
Sharmon-Wiener index of diversity (Ricklefs 1979). 
Pre- and post-construction benthic invertebrate data 
was available for only two of the streams; Wappinger 
Creek and the Tenmile River. Statistical analysis on 
diversity indices was performed using a Chi-square 
Goodness of Fit Test.

Fish populations
Fish were sampled and collected at each of four tran
sects using electroshocking gear. Each transect belt was

systemahcally sampled and aU stunned fish were netted, 
identified to species, tabulated, measured for total length 
to the nearest millimeter, and immediately released.

The United States Fish and Wildlife Service Habitat 
Suitability Index Model for brook trout {Salvelinus fon- 
tinalis) was used as the basis for the stream water qual
ity and habitat parameter evaluations (Raleigh 1982). 
The model provides optimum ranges for a variety of 
stream habitat variables, as well as values which limit 
use by brook trout. Brook trout are widely distributed 
in New York in a variety of cold water habitats and are 
generally a good indicator of the overall quality of cold 
water stream habitats. Values obtained for each water 
quality and habitat variable, for both pre- and post
construction data, were compared to the optimum 
range for brook trout as described in the Habitat Suit
ability Index Model. These measurements were ana
lyzed to ascertain effects of the pipeline crossing. 
Tabulated data, for pre- and post construction, ob
tained from the fish population sampling were used to 
calculate species diversity using the Shannon-Wiener 
diversity index (Ricklefs 1979). A Chi-square Goodness 
of Fit Test was used to evaluate pre- and post-construc
tion fish diversity data for each of the streams.

RESULTS

Water quality and stream habitat
The results of the water quality measurements taken 
during construction showed no apparent effect on 
water temperature, pH, or dissolved oxygen content 
for the Indian River, Black Creek, Sugar River, and 
Alder Creek. Total suspended solids increased within 
and downstream of the right-of-way, especially during 
trenching activities (Table 2). Total suspended solids
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Table 2. Water quality parameters and mean values for temperature (C), pH, minimum dissolved oxygen (MDO), and total 
suspended solids (TSS) for four study streams prior to, during, and after pipeline construction. Water quality parameter range 
values are provided only for those measurements taken during construction (1991). MDO values are not available for the surveys

performed in 1995.

Water quality 
parameter

Pre-construction 
Gun-Jul 1991)

Construction (trenching) 
(Aug-Oct 1991)

Post-construction

Nov. 1993 Aug-Sep 1994 Aug 1995

Indian River Temp. (C) 24,0 18.8 (18-19) 3.0 16.0 2 0 . 0

pH 6.4 6,2 (5.9-6.7) 5.7 5.8 7.4
M IX) (mg/1) 8 . 2 5,9 (5.7-6.0) 7.7 6 . 8 -
TSS (mg/1) < 1 442.6 (4,2-1420) 1 . 0 3.9 4.2

Black Creek Temp. (C) 2 0 . 0 15.5 (15-16) 3.0 16.8 22,3
pH 6 , 8 6 . 8  (6.6-7.3) 6.9 6 . 8 8 . 6

MDO (mg/1) 8 . 8 7.5 (5.3-9.6) 9.9 8 . 2 -
TSS (mg/1) 4.0 710.4 (7.4-1550) < 1 2 . 2 3.5

Sugar River Temp. (C) 24.8 26.0 4.0 23.3 21.5
pH 8 . 6 8.4 (8.3-8.7) 9.2 8 . 2 8.4
MDO (mg/1) 11.9 9.9 (9.4-10.4) 11.9 8.3 -
TSS (mg/1) < 1 1413 (2,2-3780) 1,9 17.3 2,5

Alder Creek Temp. (C) 2 0 . 0 16.0 5.0 15.5 22.5
pH 7.8 6.7 (6 .6 - 6 .8 ) 7,8 7.5 8 . 2

MDO (mg/1) 8.7 7 (6.9-7.1) 8.9 8 , 1 -
TSS (mg/1) 3.8 23100(<1-11000) 2 . 1 30.0 4.0

measurements for all streams ranged from 1,420 mg/1 
to 10,400 mg/1, and as high as 11,000 mg/1 during the 
use of wet construction techniques on Alder Creek. The 
subsequent use of dry construction techniques on Al
der Creek significantly reduced the amount of sedi
ment loading to a level of 29 mg/1. Levels of suspended 
solids during construction activities in the four streams 
decreased rapidly downstream of the crossing. Total 
suspended solids measurements taken 1 0 0  m down
stream during construction showed that suspended 
solid levels were reduced by 51% to 82% from levels 
measured at the right-of-way. There was no apparent 
long-term effect on water quality parameters resulting 
from pipeline construction in any of the streams sur
veyed. Water temperature, pH, dissolved oxygen, and 
total suspended solids measurements were similar in 
upstream and downstream transects for all post-con
struction sampling periods (Table 2). Water quality did 
vary from year fo year resulting from annual climafic 
fluctuations however, no apparent fluctuations within 
any one year for upstream and downstream measure
ments were observed.

The primary change in bottom composition within 
the right-of-way as a result of pipeline construction 
was an increase in the percentage of gravel and cobble 
in the Indian River, Black Creek, Alder Creek, and to a 
lesser extent, Wappinger Creek. The percentage of rif
fle fines (substrate < 3 mm) decreased considerably in 
the right-of-way portion of these systems following

construction. The percentage of fines in riffle areas 
within the right-of-way appeared unchanged by con- 
sfruction in the Sugar and Tenmile Rivers (Table 3).

In-stream cover (e.g., pools, rocks, debris, sub
merged vegetation) decreased as a result of construc
tion within the right-of-way transect in all streams but 
the Sugar River (Table 3). By 1995, for Black Creek and 
Wappinger Creek, the percentage of in-stream cover 
and habitat had returned to approximate pre-construc
tion estimations. Streamside vegetation and midday 
shade within the right-of-way transect of each study 
stream decreased dramatically as a result of the clear
ing of vegetation from the stream banks during pipe
line construction.

Benthic invertebrates
Eight orders of aquatic insects were identified from the 
six streams; all typical and including various species of 
mayfly, stonefly, caddisfly, and damselfly (Table 4). A 
comparison of benfhic invertebrate diversity for two of 
the large stream systems with pre- and post-construc
tion data (Wappinger Creek and the Tenmile River), 
showed no statistical difference in diversity values be
fore and after construction of the pipeline (X  ̂= 0.29, p 
> 0.05; and = 0.42, p > 0.05 respectively). As a result, 
there was no demonstrably negative effects on inverte
brate populations resulting from pipeline construction 
on these two systems.
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Table 3. Physical and habitat characteristics along the pipeline right-of-way transect belt for six study streams. A total of seven 
in-stream and two stream side habitat variables were qualitatively assessed using visual observations during pre-construction surveys 

(1991) and for three years following construction (1993,1994, and 1995).

Stream parameter Indian River Black Creek Sugar River Alder Creek Wappinger Crk. Tenmile River

91 93 94 95 91 93 94 95 91 93 94 95 91 93 94 95 91 93 94 95 91 93 94 95

Cobble (%) _ 5 1 0 5 _ 5 1 0 2 0 95 80 90 90 60 90 90 90 5 _ 1 0 5 30 90 70 70
Gravel (%) - 85 90 90 - 80 75 80 5 5 1 0 - - 5 1 0 1 0 1 0 15 60 30 40 5 2 0 2 0

Sand (%) 90 1 0 - - 40 1 0 1 0 - - 1 0 - - 30 5 - 5 70 35 1 0 5 2 0 5 5 1 0

Silt (%) 1 0 - - 5 60 5 5 - - 5 - 1 0 1 0 - - - 15 50 2 0 60 1 0 - 5 -

Riffle fines (%) 1 0 1 0 < 1 5 1 0 15 15 5 5 15 5 1 0 40 5 5 5 80 85 30 70 30 1 0 1 0 1 0

Pools (%) 50 - - 40 - - - 2 0 1 0 1 0 1 0 65 - - - 90 - - - 40 2 0 5 1 0

Instream cover (%) 40 - 1 0 1 0 2 0 5 1 0 30 30 30 1 0 45 30 1 0 5 5 15 5 1 0 40 40 2 0 1 0 2 0

Streamside veg. (%) 1 0 65 70 70 90 1 0 1 0 1 0 90 40 40 30 90 1 0 1 0 1 0 70 1 0 1 0 1 0 95 1 0 2 0 30
Midday shade (%) 75 < 1 2 < 1 1 0 5 5 - 1 0 5 1 1 0 60 5 5 5 25 5 1 0 5 25 5 5 5

Table 4. A comparison of benthic Invertebrate data prior to and following pipeline construction for Wappinger Creek and Tenmile 
River. Total = the total number of organisms captured, and index = the calculated Shannon-Weiner diversity index value.

Benthic invertebrate order Pre-construction Post-construction

Gun-Jul 1991) Nov 1993 Aug-Sep 1994 Aug 1995

Wappinger Creek:
Emphemeroptera 4 3 24 13
Odonata 1 - 4 7
Plecoptera 1 2 3 2

Hemiptera 2 1 - 1

Megalop tera 1 - 1 0 13
Tricop tera 1 4 46 14
Coleoptera 1 1 1 2 2

Diptera - 1 2 7

Total 1 1 1 2 1 0 1 59
hidex 5.93 5.21 4.44 5.99

Tenmile River:
Emphemeroptera 27 27 59 2 1

Odonata - 1 1 -

Plecoptera 2 1 0 1 2 8

Hemiptera 1 - - 1

Megalop tera 1 1 25 15 9
Tricoptera 6 1 0 1 2 2 0

Coleoptera 3 1 13 6

Diptera - 3 - 5

Total 50 77 1 1 2 70
Index 3.63 4.62 3.97 5.42

Fish populations
Twenty-seven species of fish were identified from the 
six streams for the years 1991,1994, and 1995 (no data 
was collected for some streams in 1993 due to high 
water levels) (Table 5). Indian River, Black Creek, and 
Alder Creek are small, clear, cold water streams, and 
brook trout were collected from each for at least one 
sampling period. Forage fish consisted primarily of

blacknose dace and creek chub. Sugar River, Wappin
ger Creek, and the Tenmile River are generally larger, 
cool-water systems. Small numbers of brook and 
brown trout were collected or observed within Tenmile 
River and Wappinger Creek; no salmonids were col
lected or observed from Sugar River and forage fish 
included: blacknose dace, creek chub, cutlips minnow, 
and common shiner. Some warm-water species, such
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Table 5. A comparison of fish population data prior to (1991) and following (1994 and 1995) construction for all six study streams. 
A total of 27 species of fish were documented over the course of the study. Total = the total number of fish captured per survey,

and index = the calculated Shannon-Weiner diversity index.

Common name Indian River Black Creek Sugar River Alder Creek Wappinger Crk. Tenmile River

1991 1994 1995 1991 1994 1995 1991 1994 1995 1991 1994 1995 1991 1994 1995 1991 1994 1995

American eel - -  -  _ _ _  _ _ _  _ _ _  _ n  -  -  -
Brown trout - -  -  _ _ _  _ _ _  3 _ ]  _ _ _
Brook trout 1 - 1 3 - 1 -  _ _ _  1 25 2 _ _ _
Grass pickerel _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ i _
Golden shiner _ _ _  _ _ _  \2 -  -  _ _ _  3 4  _ _  5 2 - -
Cutlips minnow _ _ _ 22 21 8  13 3 13 _ _ _ 52 18 6  33 6  3
Common shiner - -  -  4 33 -  8  55 -  _ _ _  _ 1 4 _ _ _ 3 0
Northern redbelly dace -  - -  _ _ _  7 _ _  _ _ _  _ _ _  _ _ _
Bluntnose minnow _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ 9

Blacknose dace 7 19 18 7 39 36 40 14 60 -  9 2 11 1 -  10 11 44
Longnose dace _ _ _ 2 8  5 14 65 27 _ _ _ _ _ _ 17 35 37
Creek chub 2 37 8  -  10 1 9 8  39 -  -  4 7 3 2 -  10 15
White sucker -  -  -  -  15 11 -  8  12 2 -  4 56 20 8  34 44 20
Yellow bullhead - -  -  _ _ _  _ _ _  _ _ 5  4 5  -  _ _ _
Banded killifish - -  -  1 4  _ _ _  _ _ _  _ _ _  _ _ _
Mottled sculpin _ _ _  _ _ _  _ _ _  _ _ _  _ _ _
Slimy sculpin _ _ _  _ _ _  _ _ _  _ 2  -  _ _ _  _ _ _
Rock Bass _ _ _  _ _ _  _ _ _  _ _ _  3 5  4 0  1 7 - - -
Redbreast sunfish -  - -  _ _ _  _ _ _  _ _ _  _ i _  _ _ _
Pumpkinseed _ _ _  _ 2  -  5 -  -  - 1  13 1 5 - 2
Bluegill _ _ _  _ _ _  _ _ _  _ _ _  2 10 4 - 1 -
Longear sunfish _ _ _  _ _ _  _ _ _  _ _ _  _ _ _
Smallmouth bass _ _ _  _ _ _  _ _ _  _ _ _  -  10 7 20 45 27
Largemouth bass -  _ -  _ -  -  _ - i
White crappie - -  -  _ _ _  -  _ _ _  _ _ _  _ 3 -
Tessellated darter -  -  -  -  32 16 -  34 16 -  4 -  3 23 9 24 41 77
Logperch - _  -  i - _  _ -  -  -  -  - -  -  - _

Total
Diversity

10
2.2

56
1.9

39
1.9

37
3.4

26
4.8

77
5.0

10
6.3

32
3.3

16
6.0

6
2.8

41
3.0

32
5.7

21
6.6

14
7,8

58
7.7

19
6,4

29
5,9

45
5.4

as pumpkinseed and bluegill simfish, yellow bullhead 
and white sucker, were also collected. Although spe
cies diversity varied between years for all of the study 
streams, the diversity index values before and after 
construction were not significantly different from ex
pected values (X  ̂= 0.04, p > 0.05; = 0.34, p > 0.05; X̂
= 1.03, p > 0.05; X  ̂= 1.39, p > 0.05; X̂  = 0.13, p > 0.05; 
and X  ̂= 0.09, p > 0.05 for the Indian River, Black Creek, 
Sugar River, Alder Creek, Wappinger Creek, and the 
Tenmile River respectively). Species diversity actually 
increased in three of the study streams. As a result, there 
appeared to be no associated detrimental (i.e., decrease in 
species diversity) impact of pipeline construction on the 
fish populations located within these systems.

DISCUSSION

Water quality and stream habitat
The results of water quality measurements taken dur
ing construction show no apparent effect on tempera

ture, pH, or dissolved oxygen. It was expected that 
dissolved oxygen would decrease as suspended solids 
increased during construction activities. However, 
there is no consistent pattern in the data to support this. 
In some cases, dissolved oxygen levels decreased 
slightly during periods of high siltation (i.e., during 
trenching, backfilling, and bank restoration); however, 
in most instances dissolved oxygen levels were unaf
fected or increased slightly. Consequently, there is no 
apparent correlation between construction activities 
and the level of suspended solids with decreased 
downstream dissolved oxygen levels. This may be due 
to the low amount of organic material found in the 
bottoms of the streams surveyed.

The most significant impact of construction activi
ties was an increase in total suspended solids within 
and downstream of the right-of-way. Trenching re
sulted in the greatest levels of suspended solids. In
creased suspended solids levels were generally of short 
duration, occurring only while in-stream work was 
being performed over a period of 1-3 days, so were
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likely not a limiting factor in biotic populations. There 
was no evidence of any fish kills occurring as a result 
of construction activities in any of the study streams.

Suspended solids during wet trenching of Alder 
Creek were far higher than in any of the other streams 
surveyed. This is largely due to the methods in which 
trenching was performed and the type of material (fine 
clays) being excavated from the trench. When Alder 
Creek trenching was completed using dry construction 
techniques there were far less sediments released to the 
stream showing the value of using dry construction 
techniques where possible. Previous studies have also 
documented that dry crossing techniques result in far 
less downstream turbidity and sedimentation, and re
sult in little or no biotic impacts (Baddaloo 1978, Crab
tree et al. 1978, Vinikour et al. 1987).

Increased suspended solids levels measured at the 
right-of-way during construction dropped in the 
streams surveyed by 51% to 82% within 100 m down
stream of the right-of-way; however, it was not possi
ble to determine the distance required for suspended 
solids to return to backgroimd, pre-construction meas
urements (due to constraints on access further down
stream). This is consistent with previous studies which 
have shown suspended solids levels to remain above 
background as far as 400 m downstream of trenching 
activities (Vinikour et al. 1987).

There was no apparent long-term effect on water 
quality parameters (temperature, pH, dissolved oxy
gen, and total suspended solids) resulting from pipe
line construction in any of the streams surveyed. No 
increase in water temperature was apparent down
stream of the right-of-way, as was predicted would 
occur as a result of clearing of bank vegetation and 
reduced shading in the right-of-way. The values ob
tained for these water quality variables in all years 
were within the range of values described in the Habi
tat Suitability Index Model for brook trout as being 
capable of supporting a brook trout population.

There was considerable variation in other stream 
habitat parameters between transects and years, pri
marily as a result of natural stream variations and 
evolution processes. Natural stream evolution proc
esses involve the movement of rock and fines along the 
stream course as banks are eroded and the bottom 
scoured during periods of high flows. The movement 
of boulders five feet in diameter along the stream 
courses of Sugar River and Tenmile River were evident 
over the course of the study. These natural processes 
worked to minimize the impacts of pipeline construc
tion. There was no evidence in downstream transects of 
any stream in the years following construction that 
indicated continued sedimentation resulting from 
pipeline installation. High springtime flows appeared 
to have been sufficient to remove fines deposited 
downstream of the pipeline crossings. Previous studies 
have also found that spring flows are sufficient to re
move accumulated sediments resulting from pipeline

construction (Baddaloo 1978, Tsui et al. 1981, Gartman 
1984, Young et al. 1991).

The primary change in bottom composition within 
the right-of-way as a result of pipeline construction 
was an increase in the percentage of gravel and cobble 
in Indian River, Black Creek, Alder Creek, and to a 
lesser extent Wappinger Creek. This is likely a result of 
the construction techniques of placing gravel over the 
trench and rock riprap on the banks, some of which 
may have fallen or eroded into the stream channel. No 
gravel was installed in Sugar River or Tenmile River 
due to high flow rates, and there was considerable 
amounts of rock already present in these rivers prior to 
construction. Consequently, these two rivers did not 
reflect the trend of increased amounts of gravel and 
cobble within the right-of-way transect following con
struction.

The Habitat Suitably Index Model for brook trout 
indicates that this increase in gravel and cobble within 
the right-of-way is beneficial. The model shows the 
optimal percentage of substrate materials of size class 
10-^0 cm (cobble) is greater than 8 %. Large percentages 
of cobble and gravel are also beneficial for food pro
duction, as they provide anchoring sites and shelter for 
aquatic invertebrates. In addition, substrate materials 
of 2-7 cm are optimal for spawning areas, and the 
gravel placed over the trench in these streams is largely 
of this size. Consequently, although pipeline construc
tion resulted in changes in bottom composition within 
the right-of-way, this alteration is largely beneficial.

The percentage of fines in riffle areas decreased in the 
right-of-way following construction in Indian River, 
Black Creek, and Alder Creek. This is largely due to the 
placement of gravel over the trench in these streams, and 
to a lesser extent, natural stream processes (e.g., flooding 
events). The percentage of fines in riffle areas within 
the right-of-way was largely unaffected by construc
tion in Sugar River, Wappinger Creek, and Tenmile 
River. The Habitat Suitably Index Model for brook 
trout shows that habitat suitability increased as the 
percentage of fines in riffle areas decreased. Conse
quently, the decrease in fines within the right-of-way in 
Indian River, Black Creek, and Alder Creek as a result 
of pipeline construction is likely beneficial.

The percentage of pools within the right-of-way tran
sect decreased consistently in all streams following con
struction. Pools were virtually eliminated from the 
right-of-way transect due to the construction practice of 
generally restoring a level bed to the stream following 
backfilling. The Habitat Suitably Index Model for 
brook trout shows the optimum percentage of pools 
between 30% and 70%, however a lack of pools is not 
considered sufficient to prohibit populations of brook 
trout. In addition, there are abrmdant pools upstream and 
downstream in close proxinaity (within 1 0 0  m) to the 
right-of-way in the streams surveyed. Consequently, al
though the decrease in pools within the right-of-way 
resulting from pipeline construction represents a detri
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mental impact to the habitat, it is not likely a limiting 
factor in local brook trout populations.

The percentage of in-stream cover decreased as a 
result of construction within the right-of-way transect 
in all streams except Sugar River. This decrease was no 
longer apparent in Black Creek and Wappinger Creek 
by 1995, indicating the beginnings of a recovery of the 
stream habitat. The Habitat Suitably Index Model for 
brook trout shows optimum habitat has greater than 
10% in-stream cover. Although levels of in-stream 
cover in the right-of-way transect temporarily dropped 
below 1 0 % following construction in some cases, by 
1995 only Alder Creek had less than 10% in-stream 
cover (5%) within the right-of-way. Even in the case of 
Alder Creek, the lower levels of cover available follow
ing construction are not considered in the model as 
being sufficient to prohibit brook trout populations.

The amount of streamside vegetation and midday 
shade within the right-of-way transect of each study 
stream decreased as a result of pipeline construction. 
This is a result of the clearing of bank vegetation in 
preparation for construction activities. Although these 
effects were lessened somewhat by 1995, there had not 
been sufficient time for the streamside vegetation to 
return to pre-construction levels. (Federal regulations 
for pipeline operation require that a 3-m (lO-ft)-wide 
riparian strip be allowed to revegetate in a natural state 
adjacent to stream banks.)

The Habitat Suitably Index Model for brook trout 
shows optimum habitat has greater than 50% stream- 
side vegetation and between 50% and 75% midday 
shade. The right-of-way transects had not returned to 
these levels by 1995, and consequently this represents 
a potential, detrimental impact to the stream habitat. 
However, bank vegetation and shading will be re
stored naturally over time, aided by extensive land
scape plantings installed by Iroquois, so this does not 
represent a permanent impact.

Benthic invertebrates
As found in previous studies of the effects of pipeline 

construction (Baddaloo 1978, Tsui et al. 1981, Gartman 
1984, Vinikour et al. 1987, Young et al. 1991), there were 
no demonstrable long-term effects on the invertebrate 
populations within Wappinger Creek and the TenmUe 
River resulting from construction of the pipeline. Differ
ences among transects within individual streams are 
likely due more to natural differences in bottom type, 
flow rates, and other factors which influence inverte
brate populations than pipeline construction, because 
there is no consistent pattern of downstream transects 
having suppressed invertebrate populations.

Comparisons of the overall diversity index of indi
viduals collected over the duration of the study did not 
indicate a significant change. If benthic invertebrates 
downstream of the pipeline were being adversely af
fected by construction or the continued presence of the 
right-of-way, it would be expected that population

variables would show a consistent declining pattern. 
Conversely, if invertebrate populations had been se
verely impacted by construction and were in the proc
ess of recovery, or were being positively affected by the 
presence of the right-of-way, population variables 
would tend to show an increase over the years. How
ever, no patterns of either type were consistently 
shown in either stream. Consequently, variations in 
benthic invertebrate populations was likely due more 
to seasonal and localized in-stream fluctuations in 
habitat variables than a result of pipeline construction.

Fish populations
In terms of the Shannon Weiner diversity index, the 
overall fish populations for all six streams were not 
significantly affected by pipeline construction. There 
were annual fluctuations in collection numbers and the 
calculated indices, however these were not statistically 
significant, and as a result indicate that no long-term, 
detrimental impacts to fish populations occurred.

Decreasing numbers of fish collected from Wappin
ger Creek in the years following construction may be 
indicative of an alteration to the stream habitat in the 
vicinity of the right-of-way which is resulting in lower 
local population levels. However, this carmot be veri
fied with the data collected as part of this study. Stream 
conditions in the vicinity of the right-of-way may be 
causing fish to utilize other parts of the stream, or may 
otherwise be suppressing local populations. There were 
no results in the water quality and habitat surveys or 
benthic invertebrate collections performed in Wappinger 
Creek which would indicate any potential causes for 
lower populations in the vicinity of the right-of-way.

No consistent patterns of increasing or decreasing 
population health were apparent among the other 
streams over the duration of the study. Previous stud
ies have also found no, or only short-term, impacts to 
fish populations resulting from pipeline construction 
(Zallen 1984, Vinikour et al. 1987).

Peterson (1993) found that fish use of 10-15-year-old 
electric transmission line rights-of-way was greater 
than adjacent undisturbed areas. This was attributed 
primarily to the presence of more numerous and 
deeper pools within the rights-of-way, and a greater 
concentration of overhanging shrubs facilitating larger 
numbers of terrestrial insects falling into the streams. 
There was evidence of increased fish populations in 
several of the study streams, however controlled popu
lation surveys were not performed so this carmot be 
verified. There also was not a consistent pattern of 
evidence of increased populations across all streams in 
the study.

The stream bottom morphologies along the right-of- 
way is generally more shallow, rather than deeper as in 
the Peterson (1993) study, and the bank vegetation had 
not reestablished sufficiently to provide significant inputs 
of terrestrial insects. Differences in construction meth
ods may also have contributed to differences between
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this study and the Peterson (1993) study, which fo
cused on electric transmission line rights-of-way. 
Streams are not excavated as part of electric transmis
sion line construction, and are typically forded rather 
than bridged as with pipelines. Fording of streams may 
have resulted in the presence of deeper pools on the 
rights-of-way studied by Peterson. Consequently, the 
results of the Peterson study showing greater fish use 
of transmission line rights-of-way were not verified by 
this study of a pipeline right-of-way.
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Evaluating Transmission Line Clearing 
Methods for Minimizing Changes in Wetland

Function

Julia W. Gaskin and Wade L. Nutter

Little information is available on the changes in wetland function due to transmission line clearing 
and construction. This type of information is critical to document minimal effects as may be 
required for laws regulating jurisdictional wetlands in the United States. The newly developed 
functional assessment methodology (the Hydrogeomorphic Approach or HGM) was used to 
evaluate and compare changes in wetland function in mineral flat wetlands in southeast Georgia 
due to various mechanized land clearing techniques. Functional assessments were conducted on 
wetlands before a proposed Right-of-Way (ROW) was cleared or at least 30 m off the existing ROW 
to provide reference data. Functional assessments were conducted in five mineral flat wetlands that 
were cleared by different mechanized techniques including clearing and grubbing of stumps by 
track crawlers, feller-buncher clearing and removal of trees with skidders (no stumps grubbed), 
and clearing and tree removal with low ground pressure (LGP) track crawlers. The HGM assess
ment indicated clearing the ROW by track crawlers and grubbing stumps created the greatest 
changes to wetland function. The least change in function was predicted for the wetland cleared 
with LGP track crawlers when the water table was at least 70 cm below the surface. The results of 
the HGM assessment suggests mineral flat wetlands in southeast Georgia can be cleared with 
minimal effects using LGP equipment under dry conditions; consequently, mitigation under 
Nationwide Permit 12 or an Individual 404 Permit should not be required.

Keywords: Jurisdictional wetlands, wetland function, hydrogeomorphic approach, transmission 
line construction, minimal effects

INTRODUCTION

Section 404 of the Clean Water Act extends protection 
to many of the wetlands of the United States and ac
knowledges the benefits of functions that wetlands 
perform. Since 1990, permitting and mitigation have 
focused on impacts to wetland function based on the 
Memorandum of Agreement between the Corps of En
gineers (COE) and the Environmental Protection 
Agency (EPA). Wetland "function" is defined as "the 
biological, physical or chemical processes that occur 
without regard to their importance or "value" to hu
mans" (Taylor et al. 1990).

The COE has been developing a new approach to 
evaluate changes in wetland function — the Hydrogeo
morphic Approach to Functional Assessment (Brinson 
1993, Brinson et al. 1995). This approach classifies wet

lands by geomorphic setting, dominant water source, 
and primary hydrodynamics. The Hydrogeomorphic 
Approach (HGM) uses data from "reference" wetlands 
within a wetland class to determine change in function.

Little information is available on the changes in 
function due to transmission line clearing and con
struction. This type of information is critical to docu
ment minimal effects and develop techniques that 
minimize functional change. The recent (December 
1996) reissue of Nationwide Permit 12 (NWP 12 — 
Utility Line Backfill and Bedding), clarified that mecha
nized land clearing is authorized for both underground 
and overhead utility lines; however, use of this permit 
in forested wetlands requires Pre-Construction Notifi
cation. The nationwide permit system is designed to 
permit "minimal effects". Whether mechanized land 
clearing in Rights-of-Way (ROWs) is considered a
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"minimal effect" may depend on the width and length 
of the ROW, as well as the number and type of forested, 
jurisdictional wetlands the project crosses. If the COE 
does not expect the impact of mechanized land clearing 
in a project to be minimal, they may require mitigation 
as part of the NWP 12 or an Individual 404 Permit. The 
cost of obtaining an Individual 404 Permit or mitigat
ing on a unit area basis for jurisdictional wetlands can 
be substantial. Mitigation banks in the southeastern 
United States charge $25,000 and upwards per hectare.

The southeastern Coastal Plain of Georgia has nu
merous pine flatwoods, many of which are jurisdic
tional wetlands. These wetlands are classified as

mineral flafs by HGM. Wetlands in the mineral flat 
class typically have large fluctuations in the water table 
(Brinson 1993, Rheinhardt et al. 1995). Mineral flat wet
lands that are saturated or inundated in the winter to 
early spring usually have water tables at depths of 60 
cm or greafer below the soil surface during the late 
spring through fall (Comerford et al. 1996, Gaskin and 
Nutter, in press).

Due to the water table fluctuations, mineral flat wet
lands may be able to be mechanically cleared with 
minimal effects. As a part of a larger project, this study 
used HGM to evaluate and compare changes in wet
land function due to various mechanized land clearing

Fig. 1. Location of the mineral flat wetlands evaluated with the Hydrogeomorphic Approach to Functional Assessment.
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techniques. The results of the functional assessment were 
used to provide documentation to the COE on changes in 
wetland function due to mechanized land clearing.

METHODS 

Study sites
In 1992, Oglethorpe Power Corporation proposed con
structing a 37 km transmission line ROW in the south
eastern Coastal Plain of Georgia. The proposed route 
crossed 59 ha of jurisdictional wetlands, 23 ha of which 
were mineral flat wetlands containing pine plantations 
(Fig. 1). Due to concerns raised by the COE and US Fish 
& Wildlife about the number of jurisdictional wetlands 
crossed by the proposed route, an HGM functional 
assessment was conducted to evaluate changes in wet
land function and clearing techniques with respect to 
change in wetland function.

The climate of the region is temperate, with long, hot 
summers and short, cool winters (Rigdon 1988). The 
average annual rainfall of 1290 mm is distributed rela
tively evenly throughout the year (Rigdon 1988). Po
tential evapotranspiration exceeds rainfall during June 
to October in normal years (Table 1).

Mineral flat wetlands generally occur on a slight slope 
(less than 1 %) and are transitional to depressional cypress 
swamps. Soils are formed in Pleistocene marine and flu
vial sediments (Rigdon 1988). Soils observed on the sites 
are the Pelham series (loamy, siliceous, thermic Arenic 
Paleaquults) and the Sapelo series (sandy, siliceous, ther
mic Ultic Haplaquods). Both soils may have a perched 
water table during and shortly after storm events. The 
perched water table is commonly continuous with the 
shallow water table during the wetter winter months. As 
soil water is depleted by evapotranspiration during the 
summer months, the water table moves below the hori
zons in which perching occurs (Phillips et al. 1989, Gaskin 
and Nutter, in press).

The southeastern Coastal Plain of Georgia has been 
extensively used for forestry and agriculture. Forestry 
practices typically consist of site preparation including 
bedding of harvested sites, then planting of improved 
loblolly {Pinus taeda) or slash {Firms elliottii) pine. Pine 
plantations are not usually thinned or prescribed 
burned, although intensive management has become 
more common as timber prices increase. Pines are har
vested at 18 to 40 years. This management creates a 
pine overstory with a thick, predominately evergreen 
understory, consisting of sweet bay {Magnolia virigini- 
ana), red maple {Acer rubrum), buckwheat tree {Cyrilla 
racemiflora), gallberry {Ilex glabra), and cabbage palm 
{Sabal palmetto). The herbaceous groimdcover is sparse 
consisting of redroot {Lachnanthes caroliniana) and occa
sional pitcher plants {Sarracenia spp.).

Bedding at the time of planting creates extensive 
microtopographic relief. The litter layer is about 7 cm 
thick. There are few snags and large woody debris. This

Table 1. Climatic data for mineral flat wetlands in the south
eastern Coastal Plain of Georgia. Rainfall and potential evapo
transpiration are based on 30-year normal data for Douglas, 

Georgia

Month Rainfall
(mm)

PEt^
(mm)

January 108 14
February 111 17
March 114 40
April 93 71
May 113 n o
June 131 142
July 155 162
August 154 152
September 108 114
October 55 65
November 50 32
December 100 15

Total 1290 935

1. Calculated using Thomthwaite method (Dunne and Leopold 
1978).

lack of dead woody biomass is typical of intensively 
managed plantations. Pine flatwoods are used by a 
number of wildlife species for cover and feeding. How
ever, the edge between the pine flatwoods and cypress 
swamps are used by a greater number of species than 
the flatwoods themselves (Harris and Vickers 1984).

HGM functional assessment
The wetlands evaluated were classified by HGM as 
mineral flats based on the flat geomorphic position, 
precipitation as the dominant water source, and strong 
vertical fluctuation as the primary hydrodynamic. The 
wet pine plantations in the southeastern Coastal Plain 
of Georgia form a subclass within the mineral flat class. 
Models of the functions identified in the mineral flat 
subclass were developed to predict the level of func
tion based on Rheinhardt et al. (1995) (Table 2). These 
models consist of variables that are evaluated using 
indicators, which are easily observed or measured fea
tures of the wetland (Brinson et al. 1995) (Table 3). 
Reference standards for each variable are developed 
based on data collected from wetlands with "the high
est level of functioning possible for a wetland class 
within the constraints of disturbance history and land 
use of the wetland class in the region" (Brinson et al. 
1995). Reference standards can be developed from field 
and published data (Brinson et al. 1995). In the mineral 
flat subclass in southeastern Georgia, intensive forestry 
practices limit the ecosystem to a mid-successional 
stage. This stage represents the highest level of func
tion or the reference standard for the subclass.

The current version of HGM suggests 20 or more 
reference wetlands are necessary to establish reference 
standards and develop scaling for the variables. The
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Table 2. The functions identified and models developed for the mineral flat class in southeastern Coastal Plain of Georgia. 
Models were based on Rheinhardt et al. (1995) and Brinson et al. (1995).

Functional group Function

Hydrologic Short-term surface water storage

Long-term surface water storage 

Subsurface storage of water

Biogeochemical Nutrient cycling

Exports carbon 

Organic carbon storage

Model

Index = (Vnditch+ Vsoii)/2

Index = (VsuRWAT+ Vmicro+ Vnditcr}/3

Index = ((VwTF+ Vnditc[^/2 + Vsoii)/2

hidex = If (Vbtree+ Vshrub+ Vher^/3 (Vsnags+ Vwd +
VLiTTERri/3 then (Vsnags+ Vw d+ Vu iterB/3; otherwise
(Vbtree+ Vshrub+ Vherb)/3

Index = (Vbtree+ Vlitterd+ Vsnags+ Vwd)/ 4
Index = ((VsoiL+ Vutteri3/2 + (Vbtree+ Vshrub+ VhereD/3 +
(Vsnags+ Vwd)/2)/3

Habitat Maintain characteristic plant communities 

Maintain spatial habitat structure 

Maintain food webs

hidex = (VcoMP+ Vgaps+ Vbtre^/3 

hidex = (Vsnags+ Vmatur+ Vstrata+Vpatch+ Vgap^/5 

Index =((VcoMP+ Vstrata+ Vbtre^/3 + (Vsnags+ Vwd + 
VLiTTERd/3+ (Vnditch+ Vsoil)/2)/3

Table 3. Indicators used for the HGM functional assessment in the mineral flat wetland in the southeastern Georgia Coastal Plain

Hydrologic Functional Group
Percent cover of macrotopography 
Percent cover of microtopography 
Percent cover of inundation 
Depth to saturation
Height of watermarks, bryophyte/lichen lines, silt lines, 

drift/wrack lines 
Presence of seeps
Presence of acfive erosional surfaces on adjacent uplands 
Soil textures
Depth to restrictive horizon 
Redoximorphic features 
Published permeabilities

Biogeochemical Functional Group 
Soil textures
Depth of organic horizons
Redoximorphic features
Depth of litter layer
Degree of decomposition of litter layer
Presence of woody debris
Percent cover of epiphytes, floating or submerged plants 
Presence of mycorrhizae and fungi

Habitat Functional Group 
Basal area of dominant trees 
Percent cover of shrub/woody vine layer 
Percent cover of herbaceous groundcover 
Species list of dominants in each vegetation layer 
Number of layers in canopy/subcanopy 
Stand age
Density of standing dead trees (0.1 ha plot)
Presence of logs in several stages of decomposition 
Number of nesting cavities, nests etc. (0.1 ha plot)
Presence of vegetation density gradients 
Percent cover of canopy gaps
Presence of contiguous cover/corridors between wetland/ 

upland
Animal species/ sign observed

reference wetlands should include the range of vari
ability expected across the subclass (Brinson et al. 
1995). The transmission line assessment was conducted 
early in the development of the HGM approach and no 
extensive data on mineral flat wetlands were available. 
Consequently, a paired wetland approach was used to 
evaluate changes in function. Functional assessments 
were conducted on reference wetlands before the ROW 
was cleared or at least 30 m off the existing ROW near

the ROW wetlands evaluated. Data from the functional 
assessment and published data were used to develop 
the reference standards (Table 4). The index assigned to 
each reference standard is 1.0. The variables were 
scaled using the approach described in the HGM River
ine Guidebook (Brinson et al. 1995).

The functional performance of project wetlands, or 
wetlands that have been disturbed, is compared to the 
reference standard of that wetland subclass. In this
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Table 4. Reference standard for functional index of 1.0 developed for the mineral flat demonstration wetland in the southeastern
Georgia Coastal Plain

Model Variable Reference standard

Vbtree Basal area of trees Mid-successional forest; basal area of trees > 10 cm dbh; 80% of 23 m^/ha or 
greater

VcOMP Species composition Three of dominant species in each of the four strata match 3 of the 4 
dominants in equivalent reference standard strata

Vgaps Canopy gaps Few openings in the forest canopy due to windthrow or death of trees

Vherb Herbaceous plant density, biomass or 
cover

Sparse herbaceous groundcover; < 25% of wetland surface

Vlitterd Forest floor depth Depth of forest floor 80-120% of 7.6 cm

Vmatur Abundance of mature trees Density of mature trees; one or more trees 36 cm dbh or greater in 10 factor 
prism variable plot

Vmicro Microtopographic complexity Visual estimates indicate microtopographic relief is moderate; 50% of wetland 
surface

Vnditch Absence of ditches Ditches greater than 30 cm depth absent in or near the wetland

VpATCH Vegetation patchiness Vegetation occurs in mosaic of density gradients

VsHRUB Shrub density Dense shrub layer; stem density 2,500 st/ha or greater

VSNAG Snags Few to no standing dead trees

VsOIL Undisturbed forest floor/soil Undisturbed; forest floor intact

VsTRATA Vegetation strata Number of vertical strata 3

VsURWAT Indicahons of surface water presence In undisturbed soil, restrictive soil horizon within 30 cm of soil surface with 
sparse herbaceous vegetative cover, presence of surface water during the 
growing season for 10-40% of surface

VwD Woody debris Woody debris rare

VwTF Water table fluctuation Range of water table fluctuation between 75% and 125% of 1.5 m including 
inundation and subsurface drawdown

Study, the project wetlands were located in the ROW. 
Changes from the reference standard were assigned 
indices of 1.0 to 0 based on the models. Although some 
wetland alterations can increase the performance of a 
particular function, HGM assumes the increase is not 
sustainable. Consequently, the indices for a project wet
land may not be greater than 1.0 (Brinson et al. 1995).

A project target, which is the level of function a wet
land can indefinitely sustain, was also established for 
ROW wetlands. Because the mineral flat HGM model 
assumes the mid-successional stage of a wetland has 
the highest overall level of ecosystem function, the 
project target was developed to most closely resemble 
that stage. The project target for the ROW in a mineral 
flat wetland is a shrub/scrub stand with as many of the 
original native species present as possible, and other 
native species that typically dominate mineral flat wet
lands with shrub/scrub vegetation. The hydrologic 
connection between the ROW wetland and upland, as 
well as the ROW wetland and any streams or depres- 
sional swamps, remains undisturbed. There is as little 
disturbance as possible to the forest floor and soils.

Maintenance and safety require vegetation not grow 
higher than 4.5-6.0 m in the ROW and access be left for 
emergencies. Wetland ROWs in southeast Georgia are

typically recleared every three to five years to maintain 
these conditions. These requirements dictate the pro
ject target for vegetation and habitat functions in the 
ROW is less than the reference standards represented 
by the forested reference wetlands.

To evaluate the overall change in function at a ROW 
wetland due to a particular clearing method, an aggre
gate departure from the reference standard (percent) 
was calculated. The departure from reference for each 
wetland fimction was summed and multiplied by 1 0 0  

to represent percent. Aggregate departure from the 
project target for each site was also calculated in a similar 
manner to evaluate the difference in overall level of func
tion from the goal for ROW wetland function.

Clearing and construction techniques
Functional assessments were conducted in five mineral 
flat wetlands in ROWs (Fig. 1). Clearing techniques 
included track crawler clearing and stump grubbing, 
feller-buncher clearing and skidder removal, and LGP 
track crawler clearing and removal. Two sites were 
cleared with track crawlers and had stumps removed 
(typical upland clearing); a site on the Lake Windy 
ROW which was built in 1980, and Wetland 38a on the 
Wilsonville-Kettle Creek ROW built in 1993. Trees in
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Wetland 38a were cleared with a KG blade on a D8  

crawler with 70 cm tracks. Stumps were grubbed and 
all slash piled by the D8 . The slash was burned and the 
debris scattered by the D8  and then disced into the soil 
with a tractor on 76 cm balloon tires. The wetland was 
planted in browntop millet {Panicum ramosum) as a 
nurse crop and later seeded in bermudagrass (Cynodon 
dactylon). Wetland 38a was cleared under dry condi
tions during spring and summer of 1993. Construction 
traffic at Wetland 38a was not confined, although most 
traffic appeared to take place on an access road within 
the ROW. Although no records of exact clearing tech
niques at the Lake Windy site were available, clearing 
techniques similar to those used at Wetland 38a were 
commonly used when this ROW was built.

Wetland 38b was cleared using LGP equipment 
(0.07 MPa tire pressure). Trees were cleared with a KG 
blade on a D7 crawler with 90 cm tracks and removed 
to upland areas for disposal. Some slash was left within 
the site. Efforts were made to leave low woody shrubs 
and the herbaceous layer in the wetland. Construction 
traffic was limited to a 4.9 m wide road. The wetland 
was cleared under dry conditions.

Two additional sites on the Wilsonville-Kettle 
Creek Transmission Line had been harvested by the 
landowners as the easement for the ROW was being 
executed. These sites were used to evaluate changes in 
function with mechanical clearing without grubbing the 
stumps. Trees was cut with a feller buncher and removed 
by skidder to a logging deck in a nearby upland area. 
The exact date of harvest is not known, but harvesting 
appeared to have been conducted during the summer of 
1992 under relatively dry conditions because deep rut
ting from the equipment was not observed.

RESULTS

Clearing the ROW by typical upland clearing tech
niques created the greatest changes to wetland func
tion (Table 5). The models indicate large changes in all 
habitat functions due to the conversion of mid-succes- 
sional forest to an early successional state, and the 
initial replacement of all native species with millet and 
bermudagrass. Disruption in the soil and litter layer 
caused the indices for hydrologic and biogeochemical 
functions to be lower than the reference. The HGM 
models predict these changes affect the ability of the 
wetland to store water in the surface and subsurface. 
The microtopography of the wetland was reduced, 
which decreased the index for long-term surface water 
storage. The soil disturbance and complete removal of 
vegetation, which reduces evapotranspiration, created 
a lower index for subsurface water storage. The HGM 
models also predicted large changes in biogeochemical 
functions due to the disruption of the characteristic 
vegetation and organic carbon storage pools. The 
model assigns a 0 index to nutrient cycling. This is due 
to the complete replacement of native vegetation, 
which implies although nutrient cycling does occur on 
the site, those processes are radically changed from the 
processes in the reference forested stand.

The changes seen in Wetland 38a and the Lake 
Windy site were similar (Table 5). Changes in habitat 
functions have been maintained over the past 17 years 
due to periodic mowing for ROW maintenance.

The mineral flat sites logged by the landowners also 
had large changes in function, but the indices for biogeo
chemical and habitat functions were higher than the wet
lands cleared by typical upland techniques (Table 5). The

Table 5. Results of HGM assessment in the mineral flat subclass of the southeastern Georgia Coastal Plain

Function Reference
standard

Project^
target

Typical upland clearing Landowner 
logged. Wetland 
17 and 24

LGP clearing 
38b

38a Lake Windy line

Hydrologic Functions
Short-term surface water storage 1.0 0.8 0.5 0.6 0.6 0.8
Long-term surface water storage 1.0 0.8 0.4 0.5 0.7 0.7
Subsurface water storage 1.0 0.8 0.4 0.6 0.4 0.8

Biogeochemical Functions
Nutrient cycling 1.0 0.3 0 0.1 0.2 0.1
Exports carbon 1.0 0.4 0.3 0.3 0.3 0.4
Organic carbon storage 1.0 0.5 0.2 0.2 0.4 0.4

Habitat Functions
Maintains characteristic plant community 1.0 0.03 0 0 0.03 0.03
Maintains spatial habitat structure 1.0 0.5 0.2 0.2 0.2 0.3
Maintains food webs 1.0 0.5 0.3 0.3 0.4 0.5

Aggregate departure from reference 49% 73% 75% 64% 55%
Aggregate departure from project target 50% 44% 30% 13%

1. Percent departure is cumulative based on reference standard.
2. Project target determined by construction and maintenance constraints.
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logged wetlands had smaller changes in herbaceous 
groundcover, depth of litter layer and the amount of 
woody debris left on the site, which contributed to the 
slightly higher index. The predicted changes in hydro- 
logic functions were also smaller than those for the 
wetland cleared with typical upland techniques (Wet
land 38a) due to less soil disturbance.

The least change in function was predicted for Wet
land 38b, which was cleared with LGP crawlers when 
the water table was at least 70 cm below the surface 
(Table 5). Use of LGP crawlers minimized disturbance 
to the soil and herbaceous layer. Rutting in this wet
land was confined to the access road where several 
passes of machinery had occurred. The HGM models 
predicted small changes in wetland hydrologic functions 
compared to the reference due to the minimal soils distur
bance. Indices for biogeochemical and habitat functions 
were slightly higher than for the other clearing methods 
due to minimal soil disturbance, the presence of an her
baceous layer and some small shrubs.

Changes in wetland function can also be compared 
to the project target, which represents the highest level 
of function that can be sustained in the wetland with 
the permanent alterations required by maintenance. 
Again, the wetlands cleared with typical upland tech
niques had the greatest departure from the project tar
get. The LGP clearing had minimal departure form the 
project target, particularly in the hydrologic functions.

Because the functional assessment was conducted 
shortly after the ROW was constructed, the indices 
should reflect the lowest level of function that will 
occur, and function should recover over time and ap
proach the project target. Due to the small changes in 
hydrologic functions and the residual native commu
nity left at the LGP cleared site, this wetland should 
approach the project target rapidly.

Mineral flat wetlands are extensive in southeastern 
Coastal Plain of Georgia. These wetlands are not as 
highly valued by the regulatory community as riverine 
wetlands or depressional cypress swamps. This is re
flected in the lower factors used in calculating mitiga
tion credits (U.S. Corps of Engineers et al. 1996) and the 
Memorandum to the Field (Corps and EPA Regulatory 
Program Chiefs 1995) stating mineral flat wetlands do 
not require permitting for silvicultural activities.

Results of the HGM assessment in these mineral flat 
wetlands indicated LGP clearing creates small changes 
in hydrologic and biogeochemical functions, and a 
small departure from the project target. These results 
indicate mineral flat wetlands can be mechanically 
cleared with LGP equipment under dry soil conditions 
with minimal effects; consequently, mitigation under 
NWP 12 or an Individual 404 Permit should not be 
required.
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Powerline Easements as Refugia for State 
Rare Seepage and Pineland Plant Taxa

Philip M. Sheridan, Steve L  Orzell, and Edwin L. Bridges

Field surveys of selected powerline easements on the inner coastal plain of Georgia, Maryland, and 
Virginia uncovered significant rare seepage and pineland plant taxa in comparison to the sur
rounding fire-suppressed and human altered landscapes. Surveys of selected powerline easements 
resulted in the discovery of 65 state rare plant species from 24 counties in three states. Twenty-two 
state rare plant species are documented on powerline easements for Georgia, 12 for Maryland, and 
31 for Virginia. Two state endangered and three state threatened plants were found in Georgia 
powerline easements while 3 state endangered and two state threatened were found in Maryland. 
Rare plant taxa occur on powerline easements for several reasons: right-of-way management 
strategies have replaced natural disturbances; naturally open herbaceous seeps harboring rare 
plant taxa were crossed by powerlines; seeds were dispersed to the easement by wind or other 
vectors; plants were present in low numbers, dormant or in seed banks prior to powerline easement 
clearing; or a combination of some or all of these factors. Periodic mechanical clearing of brushy 
vegetation to maintain powerline easements can replace natural disturbances such as fire and 
beaver activity and thereby may allow some disturbance adapted rare plants to persist that might 
otherwise be locally extirpated through fire suppression and subsequent woody invasion of open 
space habitat niches. Powerline rare plant refugia might serve as a local measure of biodiversity in 
regions where the surrounding natural vegetation has been highly altered or subjected to fire 
suppression and seepage bog or pineland plants are now found in powerline easements.

Keywords: Powerlines, rights-of-way, biodiversity, state rare plants, pitcher plant bogs

INTRODUCTION

Rights-of-way habitats (e.g. railroads, roadsides, pow- 
erlines, fencelines, etc.) have historically been surveyed 
by botanists to discover rare plant populations, primar
ily due to their easy access. One of the early pioneers of 
this method was the botanist Roland Harper who used 
railroad rights-of-way as a method for finding rare 
plant populations (Core 1970, Harper 1904a,b, 1905a,b, 
1907). We became interested in powerline easements as 
rare plant habitats when we observed that rare herba
ceous seepage plants were often locally restricted to 
areas underneath powerlines. We therefore began sur
veying selected powerline easements to locate and as
sess the potential for rare plant occurrences. We 
suspected that powerline easements serve as both re
fugia for rare plant populations and as a measure of 
local plant biodiversity, particularly in regions where 
the surrounding landscape has been highly altered or 
subject to fire suppression.

Seepage habitats in the southeastern United States 
are a type of wetland characterized by a distinctive 
flora of sundews (Drosera: Droseraceae), bladderworts 
{Utricularia: Lentibulariaceae), butterworts {Pinguicula: 
Lentibulariaceae) and pitcher plants {Sarracenia: Sar- 
raceniaceae) (Folkerts 1982). In the southeastern United 
States they typically occur on side valley slopes or 
headwaters of small tributaries and are permanently 
fed by diffuse telluric groundwater (Bridges and Orzell 
1989, Folkerts 1991). Seepage habitats located at heads 
of stream branches in Maryland and Virginia have 
been classified as magnolia bogs (McAtee 1918). Seep
age wetland soils are typically acidic and are of either 
organic or mineral composition. The herbaceous flora 
requires periodic fires or some form of natural distur
bance (e.g., beaver activity) to maintain the diversity of 
the herbaceous species rich groundcover (Bridges and 
Orzell 1989, Fenwick and Boone 1984, Frost and 
Musselman 1987, Frost 1993,1995, Folkerts 1982, Rudis 
and Skinner 1991, Waldrop et al. 1992).
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MATERIALS AND METHODS

Our study was confined to southern Georgia and the 
inner coastal plain of Maryland and Virginia (Fig. 1). 
Field study sites were determined by locating power
line rights-of-way through potential habitats on USGS 
7.5 minute series topographic maps. Accessible sites 
were evaluated during field surveys. The vascular flora 
of each site was inventoried, sometimes with repeat 
site visits, and representative plant collections were 
made and prepared as herbarium voucher specimens.

Voucher specimens are deposited at the following 
herbaria: Fairchild Tropical Gardens (FTG), George 
Mason University (GMUF), and Virginia Common
wealth University (VCU). Each site is coded by an 
alpha-numeric site code consisting of stafe (first two 
letters), county (next four letters), and site identifica

tion number. For example, VADINWOOl is the first site 
visited in Dinwiddie County, Virginia. Additional site- 
specific locational information is available from the 
authors.

Plant nomenclature and identification follows either 
Kartesz (1994) or Wunderlin, Hansen and Bridges 
(Vascular Flora of Cenfral Florida, unpublished manu- 
scripfs). Plant determinations were performed by the 
authors as well as Dr. Ted Bradley (curator-GMUF), 
Mark Strong (United States herbarium) and Robert 
Wright. Rare species status was determined by consult
ing state rare plant lists and/or publications (Georgia 
Natural Heritage Program 1991, 1993, Patrick et al. 
1995, Ludwig 1997, Maryland Natural Heritage Pro
gram 1994). Global and state ranking of plants follows 
The Nature Conservancy and the respective state natu
ral heritage ranking scheme (Table 1 ).

Fig. 1. Map of states and counties where rare plants were collected. Physical map of southeast used with permission of W.H.
Duncan.
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RESULTS

Twenty-two state rare plant species are documented on 
powerline easements for Georgia, 12 for Maryland, and 
31 for Virginia. Two state endangered and three state 
threatened plants were foimd in Georgia powerline 
easements while three state endangered and two state 
threatened were found in Maryland (Table 1). A maxi
mum of 10 rare species was recorded in Virginia from

VADINWOOl (Figs. 2-4). No federally endangered or 
federally threatened listed species were found on pow
erline easements. Future discoveries of additional rare 
plant taxa and other noteworthy plants are possible since 
our surveys did not account for all seasonal and yearly 
variation present at the sites. In several cases additional 
rare plants were observed at some sites but specimens 
were not collected due to the depauperate condition of 
the plant material, small population size, etc.

Table 1. List of state rare plants collected on powerline easements

Scientific name State
status

Global
rank

State
rank

Scientific name State
status

Global
rank

State
rank

Georgia: Sarracenia purpurea T G5 S2
Balduina atropurpurea N G2G3 S2 Smilax pseudo-china E G4G5 SI
Chamaecyparis thyoides N G4 S2
Delphinium carolinianum N G5 S3 Virginia:
Eriocaulon texense N G4 S2? Aletris aurea N G5 SI
Helenium brevifolium SH G3G4 - Asclepias rubra N G4G5 S2
Helianthus longifolius N G? S2 Carex collinsii N G4 S3
Kalmia Carolina N G5T4 SI Carex venusta N G4 S3
Pinguicula primuliflora T G4 SI Carex vestita N G5 S2
Platanthera nivea N G5 S3 Chelone cuthbertii N G3 S2
Rhododendron flammeum N G3 S3 Cirsium virginianum N G3G4 S2
Rhynchospora oligantha N G4 SI? Cleistes divaricata N G4 SI
Rhynchospora stenophylla N G4 S2 Ctenium aromaticum N G5 SI
Sarracenia flava N G4G5 S3S4 Drosera brevifolia N G5 S3
Sarracenia minor N G4 S4 Drosera capillaris N G5 S3
Sarracenia psittacina T G4 S2S3 Eriocaulon decangulare N G5 S2
Sarracenia purpurea E G5 SI Eriophorum virginicum N G5 S2S3
Sarracenia rubra E G3 S2 Helenium brevifolium N G3G4 S2
Stylisma pickeringii var. pickeringii T G4T2T3 S2 Hypoxis micrantha N G4 S3
Warea cuneifolia N G4 S2? juncus caesariensis N G2 S2
Xyris chapmanii N G3 SI Kalmia angustifolia N G5 S2
Xyris drummondii N G3 S1S2? Lachnocaulon anceps N G5 S2
Xyris scabrifolia N G3 S1S2? Lycopodiella caroliniana var. caroliniana N G5T4 SI

Platanthera blephariglottis N G4G5T3T4 SI
Maryland: Pogonia ophioglossoides N G5 S3
Aster nemoralis N G5 SI Rhynchospora rariflora N G5 S3
Carex cotlinsii N G4 S3 Sabatia brachiata N G5? S3
Carex vesicaria T G5 SI Sabatia campanulata N G5 S2
Castanea pumila N G5 S3 Sarracenia flava N G5? SI
Drosera capillaris E G5 SI Sarracenia purpurea N G5 S2S3
Eleocharis tortilis N G5 S2 Scleria minor N G4 S2
]uncus caesariensis E G2 SI Tetragonotheca helianthoides N G5 SI
Kalmia angustifolia N G5 S3S4 Utricularia geminiscapa N G4G5 S3
Rhynchospora alba N G5 S3 Zigadenus densus N G5 SI
Rhynchospora gracilenta N G5 S3 Zigadenus glaberrimus N G5 SI

State Status: N = none; E = state endangered; T = state threatened; H = infers that the species has not been observed in the wild for 20 or 
more years.
Global Rank: G2 = globally imperiled, 6-20 populations; G3 = very rare and local throughout its range or found locally in a restricted 
range or because of other factors making it vulnerable to extinction, 21-100 populations; G4 = apparently secure globally although it 
may be rare in parts of its range, lOO-lOOO populations; G5 = demonstrably secure globally, though it may be quite rare in parts of its 
range, 1000+ populations.
T# = the rank of a subspecies or variety.
State Rank: SI = critically imperiled in the state, 1-5 populations; S2 = imperiled in the state, 6-20 populations; S3 = rare or uncommon 
in the state, 21-100 populations.
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F’ig. 2. Powerline easem ent at VADINWOOl, 1987. Ten rare 
seepage plants have been recorded from this one acre site.

Fig. 3. White-fringed orchid {Platanthera blephariglottis) and 
yellow pitcher plant {Sarraceninflava) growing in right-of-way 

atVADINWOOl, 1987.

Fig. 4. Toothache grass {Ctenium aromaticum) growing at its 
northern limit at VADINWOOl, 1987. One of only two sites 
presently known in Virginia are from powerline easements.

Each plant collection is listed in alphabetical order 
first by state, then by genus and species. Following the 
scientific name is the authority, common name, collec
tion site code, date of collection, collector(s), and her
barium acronym where the specimen is deposited. 
Collections for 1996 remain in fhe senior author's per
sonal herbarium awaiting deposit to a public facility.

Georgia collections
Balduina atropiirpurea (Harper) Small — Purple

balduina. GATATTOlO: 21 Aug 1992, Sheridan, Troup, 
Patrick, Dctemian, Jenkins and Nordman 1258 (FTG). 

Chaniaecyparis thyoides (L.) B.S.P. — Atlantic white 
cedar. GATAYLOOl: 6  May 1987, Bridges and Orzell 
5171 (FTG).

Delphinium carolinianum Walt. — Carolina larkspur. 
GACRAWOOl: 27 May 1994, Sheridan and Determan 
1574 (FTG).

Eriocaulon texense Koern. — Texas pipewort.
GAMARI002:10 April 1991, Sheridan 685 (FTG). 

Helenium brevifolium (Nutt.) Wood — Shortleaf
sneezeweed. GATAYLOOl: 6  May 1987, Bridges and 
Orzell 5168 (FTG).

Helianthus longifolius Pursh — Longleaf sunflower. 
GATAYLOOl: 9 Sept 1990, Bridges and Orzell 15036 
(FTG) GATAYL006, 8  Sept 1990, Bridges and Orzell 
14993 (FTG).

Kalmia Carolina Small — Carolina sheep-laurel. 
GATAYLOOl: 6  May 1987, Bridges and Orzell 5167 
(FTG).

Pinguicula primidiflora Wood & Godfrey — Southern 
butterwort. GAMARI002:10 April 1991, Sheridan 
684 (FTG).

Plantanthera nivea (Nutt.) Luer — Snowy orchid.
GAEARLOOIA: 14 June 1994, Sheridan 1682 (FTG). 

Rhododendron flammeum (Michx.) Sarg. — Oconee 
azalea. GASUMTOOl: 11 April 1991, Sheridan 689 
(FTG).

Rhynchospora oligardha Gray — Beakrush.
GAMARIOOl: 9 Sept 1990, Bridges and Orzell 15074 
(FTG).

Rhynchospora stenophylla Chapman — Beakrush. 
GACRAWOOl: 8  June 1989, Sheridan and Scholl 183 
and 188 (FTG); 8  Sept 1990, Bridges and Orzell 14941 
(FTG). GACRAW005:18 June 1994, Sheridan and 
Patrick 1726 (FTG). GADECA008:13 June 1994, 
Sheridan 1672 (FTG). GATALBOOl: 9 Sept 1990, 
Bridges and Orzell 15150 (FTG). GATAYL006, 3 
June 1989, Sheridan and Scholl 94 (FTG); 8  Sept 
1990, Bridges and Orzell 14997 (FTG). GATAYL008: 
8  Sept 1990, Bridges and Orzell 15024 (FTG). 

Sarracenia flava L. — Yellow pitcher plant.
GATATTOlO: 21 Aug 1992, Sheridan, Troup, Patrick, 
Determan, Jenkins and Nordman 1232 (FTG). 
GATREUOOl: 9 April 1991, Sheridan 677 (FTG).
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Sarracenia minor Walt. — Hooded pitcher plant.
GAAPPL002: 7 April 1991, Sheridan 652 (FTG). 

Sarracenia psittacina Michx. — Parrot pitcher plant.
GAEARL002: Sheridan 1155 (FTG).

Sarracenia purpurea L. — Purple pitcher plant. 
GATATTOlO: 21 August 1992, Sheridan, Troup, 
Patrick, Determan, Jenkins, Nordman 1231 (FTG). 

Sarracenia rubra Walt. — Sweet pitcher plant.
GACRAWOOl: 8 Sept 1990, Bridges and Orzell 14933 
(FTG). GAMARIOOl: 9 Sept 1990, Bridges and Orzell 
15080 (FTG); 2 Nov 1991, Sheridan 1109 (FTG). 
GAMARI002:14 March 1990, Sheridan 510 (FTG);
10 April 1991, Sheridan 680 (FTG). GATALBOOl: 22 
Sept 1987, Sheridan and Scholl 452 (GMUF); 9 Sept 
1990, Bridges and Orzell 15141 (FTG); 1 Nov 1991, 
Sheridan 1108 (FTG). GATAYLOOl: 6 May 1987, 
Bridges and Orzell 5169 (FTG). GATAYL006: 21 
Sept 1987, Sheridan and Scholl 450 (GMUF); 8 Sept 
1990, Bridges and Orzell 14995 (FTG). GATAYL008: 
21 Sept 1987, Sheridan and Scholl 451 (GMUF); 8 
Sept 1990, Bridges and Orzell 15021 (FTG). 
GATAYL017: Sept 1987, Sheridan and Scholl 449 
(GMUF).

Stylisma pickeringii (Torr. ex M.A. Curtis) Gray var. 
pickeringii — Pickering morning-glory. 
GATALB002: 9 Sept 1990, Bridges and Orzell 15166 
(FTG). GATAYL006: 3 June 1989, Sheridan and 
Scholl 71 (FTG); 8 Sept 1990, Bridges and Orzell 
14980 (FTG); 18 June 1994, Sheridan 1717 (FTG). 

Warea cuneifolia (Muhl. ex Nutt.) Nutt. — Warea. 
GATALBOOl: 9 Sept 1990, Bridges and Orzell 15125 
(FTG). GATAYL006: 8 Sept 1990, Bridges and Orzell 
14979 (FTG).

Xyris chapmanii Bridges & Orzell-Chapman
yellow-eyed grass. GAMARIOOl: Bridges and Orzell 
15065 (FTG).

Xyris drummondii Malme — Drummond yellow-eyed 
grass. GAMARIOOl: 9 Sept 1990, Bridges and Orzell 
15082 (FTG).

Xyris scabrifolia Harper — Harper yellow-eyed grass. 
GAMARIOOl: 9 Sept 1990, Bridges and Orzell 15109 
(FTG).

Maryland collections
Aster nemoralis Ait. — Bog aster. MDANNEOOl: 12 

Sept 1996, Sheridan and Underwood 1973.
Carex collinsii Nutt. — Collins' sedge. MDCHAR004, 

12 Nov 1989, Sheridan 367 (FTG).
Carex vesicaria L. — Inflated sedge. MDANNEOOl: 14 

July 1996, Sheridan and Underwood 1954.
Castanea pumila (L.) P. Mill. — Chinquapin.

MDCHAR006: 23 July 1994, Sheridan and Strong 
1737 (FTG).

Drosera capillaris Poir. — Pink Sundew. MDSTMA003: 
21 July 1987, Sheridan 408 (GMUF).

Eleocharis tortilis (Link) J.A. Schultes — Twisted 
spikerush. MDCHAR006: 23 July 1994, Sheridan 
and Strong 1751 (FTG).

Juncus caesariensis Coville — New Jersey rush.
MDCHAR004:12 Nov 1989, Sheridan 368 (GMUF). 
MDCHAR005: 23 Nov 1989, Sheridan 369 (GMUF). 
MDCHAR006: 23 July 1994, Sheridan and Strong 
1749 (FTG).

Kalmia angustifolia L. — Sheep-laurel. MDPRIN002:14 
Oct 1989, Sheridan 349 (FTG); 12 May 1990,
Sheridan 533 (FTG). MDSTMAOOl: 21 June 1987, 
Sheridan 424 (GMUF); 22 July 1989, Sheridan and 
Curlee 231 (FTG).

Rhynchospora alba (L.) Vahl — White beakrush. 
MDANNEOOl: 14 July 1996, Sheridan and 
Underwood 1954. MDCHAR006: 23 July 1994, 
Sheridan and Strong 1747 (ETG).

Rhynchospora gracilenta Gray — Slender beakrush. 
MDSTMAOOl: 22 July 1989, Sheridan and Curlee 234 
(FTG).

Sarracenia purpurea L. — Purple pitcher plant. 
MDCHAR006: 23 July 1994, Sheridan and Strong 
1748 (FTG).

Smilax pseudochina L. — Halberd-leaved greenbrier. 
MDANNEOOl: 15 July 1996, Sheridan, Underwood 
and Benassi 1968.

Virginia collections
Aletris aurea Walt. — Golden colicroot. VABRUN002: 

11 July 1987, Sheridan 422B (GMUF). VAGREE017: 
11 July 1987, Sheridan 422A (GMUF).

Asclepias rubra L. — Red Milkweed. VACHES004: 26 
July 1989, Wright 3052 (VCU).

Carex collinsii Nutt. — Collins' sedge. VACAROOlO:
27 Aug 1989, Sheridan 300 (FTG).

Carex venusta Dewey — Dark green sedge.
VAGREE018: 6 June 1993, Sheridan 1435 (FTG). 

Carex vestita Willd. — A sedge. VACHES002:15 June 
1990, Wright 3065 (VCU).

Chelone cuthbertii Small — Cuthbert turtlehead.
VACHES004: 26 July 1989, Wright 3051 (VCU). 

Cirsium virginianum (L.) Michx. — Virginia thistle. 
VACHES004: 2 Oct 1989 Wright 3061 (VCU). 
VASUSSOOl: 3 Sept 1991, Sheridan 777 (FTG).

Cleistes divaricata (L.) Ames — Spreading pogonia. 
VACHES002: Wright 4921 (VCU). VASUFF002:13 
Jime 1996, Sheridan 1910A.

Ctenium aromaticum (Walt.) Wood — Toothache 
grass. VADINWOOl: 19 July 1986, Strong and 
Sheridan 86-001 (GMUF).

Drosera brevifolia Pursh — Dwarf Sundew. 
VACARO018:17 June 1991, Sheridan 741 (FTG). 
VAGREE017:11 July 1987, Sheridan 403 (GMUF). 
VASOUT002: 27 April 1986, Sheridan and Scholl 33 
(GMUF). VASUFF002:19 April 1986, Sheridan and 
Scholl 35 (GMUF). VASURROOl: 8 Oct 1992,
Sheridan 1342 (FTG). VASURR002: 8 Oct 1986, 
Sheridan 413 (GMUF). VASUSSOOl: 21 May 1989, 
Sheridan, Scholl and Hummer 66 (FTG). VASUSS003: 
5 Oct 1985, Sheridan 43 (GMUF). VASUSS005:18 
Nov 1990, Sheridan 643 (FTG). VASUSS008:13 June
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1992, Sheridan and Curlee 1173 (FTG). VASUSSOlO: 
12 Oct 1985, Sheridan and Scholl 41 (GMUF).

Drosera capillaris Poir. — Pmk Sundew. VADINWOOl: 
17 August 1985, Sheridan 48 (GMUF); 1987, 
Sheridan 402 (GMUF); 25 Oct 1992, Sheridan and 
Wright 1383 (FTG). VADINW003:17 May 1991, 
Sheridan 731 (FTG); 3 Aug 1994, Sheridan 1823 
(FTG). VASUFF002:19 April 1986, Sheridan and 
Scholl 46 (GMUF). VAGREE017:14 June 1992, 
Sheridan and Curlee 1216 (FTG). VAGREE018: 3 
June 1993, Sheridan 1428 (FTG). VASUSSOOl: 11 
July 1987, Sheridan 407 (GMUF). VASUSS002: 23 
Sept 1989, Sheridan and Harvill 338 (FTG); 19 May
1991, Sheridan 723 (FTG). VASUSS005:18 Nov
1990, Sheridan 642 (FTG); 13 June 1991, Sheridan, 
Bclden and Ludwig 739 (FTG). VASUSS008:13 June
1992, Sheridan and Curlee 1174 (FTG).

Eriocaulon decangulare L. — Ten-angled pipewort.
VADINWOOl: 1987, Sheridan 423 (GMUF); 3 Sept
1991, Sheridan 794 (FTG).

Eriophorum virginicum L. — Tawny cotton-grass.
VACARO013:16 Sept 1989, Sheridan and Darling 319 
(FTG).

Helenium brevifolium (Nutt.) Wood — Shortleaf 
sneezeweed. VADINWOOl: 21 May 1989, Sheridan, 
Hummer and Scholl 63 (FTG).

Hypoxis micrantha Pollard — Pineland yellow stargrass.
' VASUSS007:19 May 1991, Sheridan 728 (FTG). 

juncus caesariensis Coville — New Jersey rush. 
VACAROOlO: 22 July 1986 Strong and Sheridan 
86-009 (GMUF). VACAROOll: 30 July 1994, Strong 
and Sheridan 1172 (GMUF). VACARO012: 22 July 
1986 Strong and Sheridan 86-005 (GMUF); 1987, 
Sheridan 430 (GMUF). VACARO013:16 Sept 1989, 
Sheridan and Darling 321 (GMUF). VACARO015: 2 
Nov 1986, Sheridan 435 (GMUF); 17 Sept 1989, 
Sheridan 329 (GMUF). VACARO018: 4 Oct 1992, 
Sheridan 1349 (FTG). VACHAROOl: 29 July 1989, 
Strong, Sheridan and Kelloff612 (GMUF). 
VACITAR002: 29 July 1989, Strong, Sheridan and 
Kelloff615 (GMUF).

Kalmia angustifolia L. — Sheep-laurel. VACARO022: 
1986, Sheridan and Scholl 384 (GMUF).

Lachnocaulon anceps (Walt.) Morong — Bog-buttons. 
VADINW003: 10 July 1987, Sheridan 422 (GMUF); 
17 May 1991, Sheridan 730 (FTG); 3 August 1994, 
Sheridan 1822 (FTG). VAGREE017:11 July 1987, 
Sheridan 421 (GMUF); 14 June 1992, Sheridan and 
Curlee 1209 (FTG). VASUSS005:13 June 1991, 
Sheridan, Belden and Ludwig 738 (FTG).

Lycopodiella caroliniana (L.) Pichi Sermolli var.
caroliniana — Slender clubmoss. VACARO012:16 
Sept 1989, Sheridan and Darling 317 (FTG). 
VASURROOl: 8 Oct 1992, Sheridan 1341 (FTG). 

Plantanthera blephariglottis (Willd.) Lindl. —
White-fringe orchid. VACHESOOl: 19 July 1987, 
Sheridan 437 (GMUF). VACHES002: 26 July 1989, 
Wright 3054 (VCU). VADINWOOl: 12 Oct 1985,

Sheridan 438 (GMUF); 1987, Sheridan 436 (GMUF). 
Pogonia ophioglossoides (L.) Ker-Gawl. — Rose 

pogonia. VASUSS004: 19 May 1991, Sheridan 716 
(FTG). VASUSS008:13 June 1992, Sheridan and 
Curlee 1177 (FTG).

Rhynchospora rariflora (Michx.) Ell. — Few-flowered 
beakrush. VAGREE017:14 June 1992, Sheridan and 
Curlee 1211 (FTG).

Sabatia brachiata Ell. — Narrow-leaf pink. VASUSS004:
1 July 1990, Sheridan and Scholl 555 (FTG).

Sabatia campanulata (L.) Torr. — Slender marsh pink. 
VADINWOOl: 3 August 1994, Sheridan 1769 (FTG). 
VADINW003: 3 August 1994, Sheridan 1814 (FTG). 

Sarracenia flava L. — Yellow pitcher plant.
VADINWOOl: 17 August 1985, Sheridan 23 & 24 
(GMUF); 21 May 1989, Sheridan, Scholl and Hummer 
65 (FTG). VASUSSOOl: 11 July 1987, Sheridan 453 
(GMUF); 2 June 1990, Sheridan and Robinson 543 
(FTG).

Sarracenia purpurea L. — Purple pitcher plant.
VACARO013: 25 May 1987, Sheridan 378 (GMUF); 
16 Sept 1989, Sheridan and Darling 318 (FTG). 
VASUSS002: 23 Sept 1989, Sheridan and Harvill 334 
(FTG). VASUSS004:1 July 1990, Sheridan and Scholl 
553 (FTG); 19 May 1991, Sheridan 715 (FTG); 14 
June 1992, Sheridan and Curlee 1191 (FTG).

Scleria minor W. Stone — Slender nutrush.
VADINWOOl: 3 Aug 1994, Sheridan 1781 (FTG). 
VASUFF002:13 June 1996, Sheridan 1910. 
VASUSS008:13 June 1992, Sheridan and Curlee 1187 
(FTG).

Tetragonotheca helianthoides L. — Pineland
squarehead. VACHESOOl: 30 June 1990, Sheridan 
and Scholl 549 (FTG).

Utricularia geminiscapa Benj. — Hidden-fruited
bladderwort. VACHAROOl: 29 June 1989, Sheridan, 
Strong and Kelloff258 (FTG).

Zigadenus densus (Desr.) Fern. — Black snakeroot.
VAGREE018: 3 June 1993, Sheridan 1434 (FTG). 

Zigadenus glaberrimus Michx. — Large-flowered 
camass. VADINWOOl: 3 Sept 1991, Sheridan 788 
(FTG); 3 Aug 1994, Sheridan 1783 (FTG).

Significance of collections
The 1987 Helenium brevifolium collection from Taylor 
County, Georgia is significant because this species was 
considered state historical in Georgia. No Georgia collec
tions have been reported since the 1940s (Tom Patrick, 
pers. comm. 1997) and only two stations were known 
(Rock 1957). Pinguicula primuliflora and Stylisma picker- 
ingii var. pickeringii are both Georgia state threatened 
species. The S. pickeringii var. pickeringii from Talbot 
County, Georgia represents a county record as well. Col
lections of Rhynchospora stenophylla and Xyris chapmanii 
are new additions to the flora of Georgia. The range of the 
state endangered Sarracenia rubra was expanded by 
finding county records on powerline easements in 
Crawford and Marion counties, Georgia (Fig. 5) and
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Fig. 5. Sarracenia rubra growing in powerline right-of-way in 
GAMARIOOl, Novenaber 1991.

new site records in Taylor County, Georgia. Sarracenia 
psittacina collected in Early County, Georgia was a 
county record and filled a range gap in the southwest
ern part of the state.

In Georgia, Balduina atropurpurea and all Sarracenia 
are usually found in fire maintained natural areas and 
powerlines while Warea cuneifolia can be found in 
sandy openings in sandhills. Hypoxis micrantha, Sabatia 
brachiata, Platanthera nivea and most of the Cyperaceae 
and all of the Eriocaulaceae are normally found in 
either sand hills, pine barrens, seepage bogs or burned 
ecosystems and benefit from openings in powerline 
easements. Delphinium carolinianum and Rhododendron 
flammeum are not restricted to powerlines, seepages or 
pinelands.

The Maryland collection of Juncus caesariensis was a 
rediscovery (Sheridan 1991), since it had not been seen 
in Maryland since 1939 (Ware and Wieboldt 1981). 
Sarracenia purpurea and Drosera capillaris are new to 
southern Maryland and are state rare taxa.

The only surviving populations in Virginia of Aletris 
aurea, Ctenium aromaticum, Lycopodiella caroliniana var. 
caroliniana, Tetragonotheca helianthoides and Zigadenus 
densus were found on powerline easements. New 
populations of Juncus caesariensis were also discovered 
growing in powerline habitats as previously described 
(Strong and Sheridan 1991).

Asclepias rubra, Cleistes divaricata, Chelone cuthbertii, 
Drosera capillaris, Eriophorum virginicum, Juncus cae
sariensis, Lachnocaidon anceps, Sabatia campanulata, Sar
racenia flava, and Zigadenus glaberrimus are now almost 
exclusively found on power line rights-of-way in 
coastal Virginia. Plants which do well in Virginia pow
erlines but can persist in edges, partially shaded 
woods, beaver ponds and borders, or wet meadows are 
Cirsium virginianum, Eriocaulon decangulare, Helenium 
brevifolium, Pogonia ophioglossoides and Utricularia 
geminiscapa. Drosera brevifolia was found so commonly 
along roadsides, powerlines, and in various clearings 
that we suggest it no longer be considered a state rare 
species in Virginia.

Occurrences of rare woody species such as Castanea 
pumila, Chamaecyparis thyoides, and Kalmia angustifolia 
indicate persistence of these species despite clearing 
methods.

DISCUSSION

The occurrences of state rare plant species on power
line easements can be attributed to several factors;
1. Powerlines crossed rare plant habitats which were 

historically kept open by natural disturbance, such 
as fire or beaver, and are now maintained by right- 
of-way maintenance practices.

2. Naturally open herbaceous seeps harboring rare plant 
taxa were crossed by powerline easements and their 
associated rare plant populations have persisted.

3. Rare plants were present in low numbers, dormant 
or in the seed bank prior to clearing for development 
of the powerline easement through optimal habitat.

4. Rare plants occur elsewhere in the region and have 
been dispersed into the site by wind or other vectors.

5. A combination of some or all of these factors. 
Periodic mechanical clearing of brushy vegetation to

maintain powerline easements can replace natural dis
turbances, such as fire and beaver activity, and thereby 
may allow some disturbance adapted rare plants to 
persist that might otherwise be locally extirpated 
through fire suppression and subsequent woody inva
sion of open space habitat niches. Powerline easement 
management of vegetation tends to reduce tree and 
shrub layer competition thereby favoring the diverse, 
species rich groimdcover component found in 
pinelands and seepage bogs. Powerline easements 
across environmental gradients and associated eco- 
tones historically kept open by natural processes often 
have the greatest potential to harbor rare seepage and 
pineland plant taxa. Powerline easements which cut 
through landscapes with historical occurrences of her
baceous seepage bogs can serve as significant refugia 
for rare plant taxa (Fig. 6).

Femald (1937) recorded several stations in Virginia 
for the locally abundant Sarracenia flava while other 
species such as Tetragonotheca helianthoides (Fernald 
1940) and Zigadenus densus (Fernald 1939) were only 
found at a few or single locations. Mrs. Shands (pers. 
comm. 1985) reports that S. flava commonly occurred in 
cow pastures in Sussex County during the same time 
period as Femald's explorations. Pederson (1941a,b) 
advocated a vigorous statewide fire suppression cam
paign which led to encroachment of herbaceous wetlands 
by woody vegetation. Powerlines constructed during 
this time period could have crossed over populations of 
rare plants thereby perhaps permitting their survival 
during an era of fire suppression. Species such as Platan
thera blephariglottis, Sarracenia flava and Zigadenus 
glaberrimus have been locally extirpated (Frost and 
Musseknan 1987) in Virginia where fire has been sup
pressed (Fig. 7).
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Fig. 6. Powerline right-of-way at GATAYL006, June 1988. 
Mowing of powerline rights-of-w ay mimics natural 
disturbance such as fire which maintained the adjacent 
overgrown longleaf pine habitats in an open condition. Note 
hillside seepage bog plants in foreground and on toe slopes 
towards center of photograph. A wide variety of habitats are 
crossed and provide opportunity for intersection of natural 

openings.

Fig. 7. Sarracenia flava  at VASUSSOOl, May 1987. This powerline 
right-of-way was established prior to 1934 and may have served 
as a refugia during the era of fire suppression for rare plants. All 
of the reproducing populations of S. flava  in Virginia occur on 

powerline rights-of-way.

Fire suppression, drainage of wetlands, and agricul
tural and silvicultural practices have led to a loss of 
habitat for rare plant species in the southeastern United 
States (Hardin and White 1989, Walker 1993). The ex
tirpation of the beaver. Castor canadensis, in many re
gions also led to loss of pond margin habitat for rare 
wetland species as well (Fenwick and Boone 1984).

The occurrence of rare plant taxa in power line bogs 
such as at MDANNEOOl and their comparable percent
age of rare species to natural sites (data not shown) 
may indicate that natural openings occurred on power
line rights-of-way prior to powerline installation. This 
hypothesis may be supported by the recent discovery 
of a naturally open bog approximately 3.5 km from the 
powerline at MDANNEOOl. A naturally open seepage

bog was also discovered in Decatur Comity, Georgia 
nearby powerline seepage bog GADECA008 in the whi
ter of 1996 (Sheridan and Underwood, field notes). Col
lections from the powerline easement at GADECA008 of 
Rhynchospora stenophylla, an obligate seepage species, 
support the occurrence of nafurally open seepage bogs in 
the region. Similar rare plant occurrences fidel to herba
ceous conditions at GAMARIOOl indicate naturally 
open herbaceous seepage bogs on the Georgia Fall 
Line. Naturally open seepage bogs had not previously 
been documented from either extreme southwest 
Georgia or the Fall Line Sand Hills of western Georgia.

Some of the creek systems with Atlantic White Ce
dar {Chamaecyparis thyoides) in the Fall Line Sand Hills 
of Georgia (Taylor, Talbot and Marion Counties) con
tain rare wetland plant species in their riparian zones. 
When powerlines cross these riparian areas they pro
vide open space niches for seepage species and easy 
access for the discovery of noteworthy plants that are 
associated with Atlantic White Cedar habitats.

With few exceptions most of these rare seepage wet
land plants are probably not moving along power line 
right-of-ways and colonizing new sites. All Sarracenia 
species have hydrophobic seeds and seem to be chiefly 
dispersed by floating locally within a site or moving 
downstream (Folkerts 1988; Sheridan 1996). Genera such 
as Juncns and Drosera and some members of the Cyper- 
aceae have small, light seeds which potentially could 
become airborne and spread to appropriate habitat. The 
senior author has also observed an apparent case of Drosera 
capilkris and Rhynchospora species coming up from a seed 
bank at VADINW002 as well. Sites for colonization and 
germination may be provided when easements are me
chanically cleared and soil lightly disturbed.

The senior author has also observed Sarracenia flava 
and S. purpurea persisting in low numbers in overgrown, 
wooded seepage habitats in Virginia. Chelone cuthbertii, 
Platanthera blephariglottis, and Zigadenus glaberrimus have 
flowered following clearing of woody vegetation from a 
site in Virginia (Sheridan, pers. obs.). These species may 
survive in either low numbers, lie dormant or in the seed 
banks in wooded seepage bogs provided there is periodic 
disturbance to stimulate flowering, fruiting and recruit
ment of seedhngs. PowerUnes constructed over such iso
lated populations would tend to provide the open 
conditions that would enhance these populations.

All or part of these factors may interact at any particu
lar site to explain the presence of rare seepage wetland 
and pineland plant species on powerline rights-of-way.

CONCLUSIONS AND RECOMMENDATIONS

Research needs to be completed on the recovery 
mechanisms for the rare plant taxa found in powerline 
easements in order to determine the limits in the range 
of tolerable disturbance types and frequencies. In addi
tion more ecologically sound vegetation management
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strategies are needed to ensure the long term viability 
of these sites as both refugia for rare plant taxa and the 
significant biodiversity remnants of seepage bog com
munities and pineland groundcover types.

Powerline refugia might serve as a local measure of 
the biodiversity in regions where the surrounding 
natural vegetation has been highly altered or subjected 
to fire suppression and seepage bogs and pineland 
plants are now restricted to powerline easements.

Mechanical clearing of powerline easements should 
be continued to maintain the open space niches that 
favor rare herbaceous plants. Efforts to control or re
duce any adverse side effects from mechanical clearing 
(soil erosion, sheet wash, rutting of seepage bogs, etc.) 
should be implemented. Effects of the application of 
herbicides on rare plant populations also needs to be 
studied. Other management strategies that delay mow
ing or clearing operations until flowering/fruiting are 
encouraged.

Future powerline routes in coastal Georgia, Mary
land, and Virginia should consider seepage wetlands 
as prime routes. New lines may serve as a means of 
restoring and protecting valuable wetlands. Restora
tion of wetlands through powerline maintenance may 
be eligible for tradeable mitigation credits or cash.

Existing rights-of-way should be evaluated for rare 
plants and effective conservation measures considered. 
Rare plant location data should be restricted and not 
pubhcly available to prevent vandalism of sites. A public 
relations campaign should be initiated to educate the 
public about the valuable contribution utility companies 
have provided to maintain rare plant biodiversity.

When the senior author approached a local chapter of 
a national conservation agency in 1985 about acquiring or 
protecting a power line bog he was told, "PowerUnes 
aren't natural areas". He had already come to realize, 
however, that indeed powerlines were substituting for 
natural areas in certain parts of the country and were 
worth protecting and investigating. In the last few years 
the Virginia Natural Heritage Program has realized the 
important role of powerlines as rare plant habitats and 
has begun investigating such areas (Springston 1995). 
We heartily endorse this effort and look forward to a 
bright future between power companies and environ
mental groups ensuring both preservation of our natu
ral resources and reliable energy supplies.
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Comparative Evaluation of Erosion and 
Water Temperature in Small Streams 

Located in Powerline Rights-of-Way and in 
the Upstream Undisturbed Habitat

Yves Garant, Jean Domingue, and Frangois Gauthier

There are over 8,000 riparian vegetation strips within Hydro-Quebec's utility network, maintained 
to preserve the natural characteristics of small streams. In a clearcut landscape, riparian strips 
prevent soil erosion and a rise of temperature in small streams. Rights-of-way (ROWs) located in a 
forested landscape may present a different situation because the clearcut area is significantly 
smaller than in a conventional logging operation. The object of our study was to test the hypothesis that 
erosion in small streams located in ROWs and protected by a low vegetation cover is comparable to 
erosion in upstream segments in the natural forest (NAT). We also tested the hypothesis that tempera
ture variations in stream segments located in ROWs are similar to variations in upstream forested 
segments. Erosion was measured in 36 streams crossing ROWs. Erosion type and severity were 
classified using a quantitative scale and a compounded erosion index was derived for comparison 
purposes. Erosion indices were not statistically different between ROW and NAT sections. Scouring 
was common in both sections and affected about 36% of the stream bank length. Water temperature 
was measured in 33 streams with a riparian strip of low vegetation (<1 m). Water temperature in 
upstream segments was comparable to temperature measured in ROWs. Stream temperature, 
when leaving the ROWs, was <18°C in 90% of the streams. Temperature variations in ROWs 
(1.4°C/100 m) were not statistically different from variations in upstream segments (1.5°C/100 m).

K eyw ords: Buffer zones, erosion, gullying, powerline, right-of-way, riparian strips, scouring, 
streams, temperature

INTRODUCTION AND OBJECTIVES

The Hydro-Quebec electrical network includes 164,000 
ha of powerlrne rights-of-way (ROWs). Within the net
work, there are approximately 8,000 buffer zones, fhe 
majority being riparian vegetation strips maintained to 
preserve the natural characteristics of small streams. 
These buffer zones require particular maintenance 
measures such as hand cutting of vegefafion.

In a clearcuf landscape, the environmental role 
played by riparian strips is the prevention of soil ero
sion and increases of fhe sediment loads and a rise of 
temperafure in small streams and rivers (Brown and 
Krygier 1970, Budd et al. 1987, Karr and Schlosser 
1978). Rights-of-way located in a forested landscape, 
such as those found on the North Shore of the Saint-

Lawrence River (Quebec), may present a different situ
ation because the clearcut areas for ROWs are signifi
cantly smaller than the areas deforested during a 
conventional logging operation. Recent literature re
views indicate that empirical data are limited on these 
specific fopics (soil erosion and sfream femperature in 
ROWs) and fhat mosf sfudies were conducted in large 
clearcuts (Gauthier 1992, Naturam Environnement 
1994). The purpose of our study was to characterize soil 
erosion and temperature in small streams located in 
powerline ROWs. More specifically, we tesfed fhe fol
lowing hypofheses:
1. Erosion in small streams located in ROWs and pro

tected by a riparian vegetation strip is comparable to 
erosion in upstream segments in the adjacent natural 
forest;
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2. Temperature variations in stream segments located 
in ROWs, protected by a low vegetation cover 
(<1 m), are similar to variations measured upstream 
in the adjacent natural forest.

METHODS

Erosion
The study was carried out during the summer of 1995 
on the North Shore of the Saint-Lawrence River, ap
proximately 200 km east of Quebec City, in powerline 
ROWs located between Tadoussac and Baie-Comeau 
(Fig. 1). We selected 32 small streams with 10 m buffer 
zones and four streams with 30 m buffer zones. Streams 
were divided into two sections: a 100 m natural upstream 
segment (referred to as NAT) and a 100 m ROW segment. 
Erosion was determined on both stream banks for a maxi
mum length of 200 m in each section. Undergroimd sec
tions of the stream were subtracted from the total length. 
Erosion type and severity were classified according to 
a quantitative matrix (Table 1). A set of measures were

Table 1. Quantitative values used to characterize erosion in 
small streams

Severity Erosion type

Slipping Scouring Gullying

1 (low) 5 2 1
2 (moderate) 10 4 2
3 (high) 25 10 5

taken on each stream to characterize the substrate and 
the flow facies.

An erosion index was calculafed for each stream to 
facilitate comparison between the NAT and ROW sec
tions of a given stream:

£ = X(P,;XC,y)

where £ is the compounded erosion index; P is the pro
portion of stream bank with severity i and type;'; and C is 
the erosion value for severity i and type j  (from Table 
1).

Fig. 1. Location map of the study area.
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Stream temperature
A preliminary sample of 122 streams located in power
line ROWS was initially selected by photogrammetry. 
Each stream was then examined according to several 
criteria that could potentially influence stream tem
perature (Table 2) and 33 streams were selected follow
ing a field validation.

Water temperature (±0.1°C) was recorded at four 
sites in 33 streams with a riparian strip of low vegeta
tion (<1 m) located in ROWs: 50 m upstream (A), at the 
upstream (B) and downstream (C) forest-ROW borders 
and 50 m downstream (Fig. 2). Temperatures were 
recorded with electronic thermometers (Harma Instru
ments, models 8053 and 8314) during sunny days in 
July 1995. Temperature variations were standardized 
(°C/100 m of stream) for comparison purposes. Vege
tation cover and sociability were each classified into 
one of the categories presented in Table 3. Other stream 
characteristics measured in ROWs were length, width, 
speed, depth and type of substrate.

Statistical analyses
Frequency distribution of erosion indices were com
pared between ROW and NAT sections by a Kolmo- 
gorov-Smimov test and a f-test for matched pairs 
(Daniel 1978). A Chi-square test was used to compare 
frequencies of a given type of erosion between ROW

Table 2. Criteria used in selecting small streams

Criteria

Riparian strip composed exclusively of low vegetation (< 1 m)
No upstream beaver dam within 50 m
Comparable slope in ROW and NAT stream segments
No tributary within 50 m of the ROW
Stream width < 10 m
Stream perpendicular to ROW
No ROW within 100 m of upstream segment

Table 3. Cover and sociability classes used to describe vegetation 
in riparian strips

Cover Sociability

Class Description Class Description

t isolated 1 isolated
1 1-5% 2 small but dense clumps
2 6-25% 3 small patches
3 26-50% 4 small colonies
4 51-75% 5 large colonies
5 76-100%

Source: Barbour et al. (1980).

Temperature 
recording site

Buffer zone with 
low vegetation

Fig. 2. Schematic of stream temperature recording sites.
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and NAT sections. Temperature variations were com
pared with a f-test for matched pairs (Daniel 1978).

Variables were log-transformed when normality 
was not respected (Sokal and Rohlf 1981). Regional 
temperature variations were compared by Mann- 
Whitney U-test (Daniel 1978). We considered that tem
perature was constant when variation was 
<0.2°C/100 m. Statistical analyses were executed with 
SPSS (Statistical Package for the Social Sciences) soft
ware version 6.0 for Windows (Norusis 1993). We used 
an alpha level of 0.05 to detect significant differences.

RESULTS AND DISCUSSION 

Erosion
Mean (± standard deviation) stream width was 3.2 m 
(± 2.5 m) with an average depth of 31 cm (± 28 cm) 
(Table 4). Underground portions accounted for less 
than 10% of stream length. Signs of erosion were ob
served in 92% and 94% of streams in the NAT and 
ROW sections, respectively. In both ROW and NAT 
sections, low and moderate levels of scouring were the 
most common types of erosion (Table 5). Frequency of 
occurrence was approximately 90% for scouring and 
11% for gullying. Land slipping was observed signifi
cantly more frequently in ROW segments (35%) than in 
upstream NAT segments (11%) (Chi-square test = 
10.47, P < 0.05). However, it occurred in 1% or less of 
the stream banks in both sections.

Compounded erosion indices were not statistically 
different between ROW and NAT stream segments 
(Wilcoxon matched-pairs test, P = 0.63) (Table 5). The 
typical stream was eroded by scouring at 36% of its 
banks and at 1% of its banks by gullying and slipping, 
regardless of its location. Three streams running on 
bedrock showed no sign of erosion. Severe erosion was 
observed in 23 streams but this was restricted to very 
narrow strips of the stream bank.

A large number of factors can affect the rate of bank 
erosion including stream flow pattern, soil moisture, 
bed materials, vegetation type and cover (Gordon, 
McMahon and Einlayson 1993). Compounded erosion 
indices were often variable within the NAT and ROW 
sections of the same stream, but no clear erosion pat
tern was observed. Most importantly, vegetation along 
stream banks holds the soil in place and reduces sedi
ment transport to the aquatic environment. Since 
shrubby vegetation was maintained along streams in 
ROWs, this has likely provided a sufficient protection 
from erosion.

Stream temperature
Most of the streams (85%) studied for temperature 
variation were small with an average width of 2 m 
(± 1.1 m) (range: 0.3-5.5 m) and an average depth of 22 cm 
(± 15 cm) (Table 6). Morphological and thermal charac
teristics of these streams were highly variable, but likely

Table 4. Characteristics of streams in the natural upstream 
habitat

Variable n Mean S.D. Min. Max.

Bank length surveyed (m) 36 191 26 88 200
Stream width (m) 36 3.20 2.50 0.30 10.70
Depth (cm) 36 31 28 4 120

S.D. = standard deviation.

Table 5. Relative importance of each type of erosion measured
in right-of-way (ROW) and upstream natural habitat (NAT)

Erosion type ROW NAT

Scouring
Frequency (%) 88.5 91.7
Percent stream bank 35.1 37.4

Gullying
Frequency (%) 11.5 11.1
Percent stream bank 0.1 0.2

Slipping
Frequency (%) 34.6 11.1
Percent stream bank 1.0 0.3

No erosion
Percent stream bank 63.8 62.1
Compounded erosion index 1.47 1.51

Table 6. Physical characteristics of streams, air temperature and 
vegetation cover at sampling sites

Variable n Mean S.D. Min. Max.

Length (m) 33 205 100 95 532
Width (m) 33 1.2 1.1 0.3 5.5
Depth (cm) 33 22 15 8 80
Temperature (°C) 33 13.0 3.4 8.5 22.7
Speed (m/s) 26 0.26 0.18 0.03 0.67
Air temperature (°C) 33 26.7 3.7 21.0 32.3
Cover (%) 31 32 34 0 95

S.D. = standard deviation.

reflected the range of variations for small streams on 
the North Shore of the Saint-Lawrence River.

The vegetation cover stretching above streams 
ranged from 5 to 95% for a median of 18%. In our sample, 
at 42% of the streams, herbs, grasses and low shrubs 
formed less than a 10% cover, while 26% of the streams 
had a vegetation cover ranging between 10 and 50%. 
Vegetation cover was greater than 50% in one out of 
three cases.

Water temperature in upstream segments was 
highly variable with values ranging from 4.5 to 22.9°C 
(12.2 + 4.0°C). Temperature rose in 55% of the up
stream segments, 39% of them had a stable tempera
ture (variation < 0.2°C/100 m), and only 6.1% cooled.



Erosion and temperature o f streams located in ROWs 467

Temperature variation in ROWs (1.4°C/100 m) was 
not statistically different than the variation recorded in 
upstream segments (1.5°C/100 m). The average air 
temperature in ROWs was 26°C.

Stream temperature when leaving the ROW ranged 
between 9.7 and 22.5°C (mean: 14.2 ±3.4°C); temperature 
was < 18°C in 88% of the streams. Temperature variation 
in ROW section was < 2.0°C in 85% of streams; only 5 
streams showed a rise of temperature between 2.2°C and 
4.4°C. However, the temperature of these streams, 50 m 
downstream, remained stable or decreased slightly. A 
similar situation was observed by Burton and Likens 
(1973), who reported that small streams have the ca
pacity to recover quickly and return to their initial 
temperature after a rise in an open area (e.g., clearcut). 
Fur^ermore, it is worth mentioning that Montgomery 
(1976) measured daily temperature variation of 4°C in 
undisturbed streams, but this variahon increased to 10°C 
or more when all shade along stream was removed.

These results support the hypothesis that small 
stream crossing powerline ROWs in the North Shore 
region do not exhibit a significant rise in temperature 
when compared to their upstream natural counterparts. 
Temperature variations were usually small and negli
gible for fishes, even for sensitive species such as sal- 
monids that can tolerate temperature of 20-21°C 
(C.C.M.R.E. 1987). Water temperature usually increases 
in the downstream direction, to a point where water 
approaches an equilibrium with the air temperature 
(Gordon McMahon and Finlayson 1993). Direct solar ra
diation is the principal source of energy for warming 
streams (Brown and Krygier 1970). In this experiment, a 
vegetation cover composed of herbs, grasses and low 
shrubs appeared to prevent an excessive rise of tem
perature in small streams. Canopy density, a measure 
of shading effectiveness, can be correlated with stream 
temperatures (Budd, Cohen, Saunders, and Steiner 
1987). We did not, however, measure any significant 
correlation between percent cover and temperature 
variation in the ROW stream segments (P > 0.05) in this 
study, even when controlling for temperature variation 
in upstream segments.

Cover is only one of many factors that can directly 
affect water temperature. Groundwater seepage, 
stream depth, wind, and geographical location can also 
affect water temperature. Duplication of this experi
ment in the same region and in other regions located 
further south where greater natural temperature vari
ation are expected in small streams, should allow us to 
acquire more knowledge on small stream thermody
namics in ROWs.
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Flexible Channel Liner Study at the 
TxDOT/TTI Hydraulics and Erosion Control

Field Laboratory

Jett A. McFalls

Texas Transportation Institute's (TTI) Environmental Management Program is currently operating 
a full-scale, outdoor evaluation facility for the performance testing of selected erosion control 
materials. The overall purpose of the facility is to produce and maintain a defensible "Approved 
Products List" to be used on all Texas Department Of Transportation (TxDOT) construction and 
maintenance activities. TTI's goal was to construct a facility which would simulate the highway 
environment to the greatest degree possible while providing the capability of collecting data on the 
critical performance factors of roll-type erosion control products. To achieve this goal the Hydrau
lics and Erosion Control Field Laboratory was constructed. The facility has the capability to 
conduct performance tests on erosion control products for embankment protection and for flexible 
channel liners.

Keywords-. Erosion control, sediment control, liners, roadside channels, sediment loss, vegetation 
establishment, storm water management

INTRODUCTION

The erosion control industry and the Federal Highway 
Administration (FHWA) recognize a wide variety of 
generic materials that may be used as erosion control 
protection. Erosion-control blankets that met the Texas 
Department of Transportation's standard specifica
tions for the past twenty years consisted of two prod
ucts. Technically, products that did not meet the 
material-based specification were excluded from the 
specification and bidding process. In response to this 
practice, TxDOT searched for alternatives that would 
provide a fair system of selecting and specifying ero
sion control products based upon their performance. 
TxDOT and TTI initiated a cooperative research study 
in 1989 to help further this initiative.

Once TTI determined TxDOT's needs and reviewed 
the current state-of-practice in erosion control, they rec
ommended evaluating erosion control materials based 
upon their field performance rather than traditional labo
ratory testing. Since the textile industry developed ero
sion-control blankets and mats, a variety of laboratory 
tests were developed to describe physical properties such 
as tensile and shear strength, heat resistance, etc.

However, these tests do not adequately describe or test 
field performance. Laboratory tests and field observa
tions suggest there is great variation in strength, dura
bility, soil-blanket interaction, and vegetation 
response between generic material classifications and 
between manufactured brands of similar materials. 
Soil-fabric interaction, vegetation establishment, and 
installation methods are critical factors to consider in 
determining field performance characteristics.

TTI developed evaluation methodologies for the De
partment's most pressing needs: erosion-control blan
kets in varying slope applications and flexible channel 
liners in varying shear stresses. A state-of-the-art facil
ity was designed and constructed during a two year 
period to accommodate these application areas and 
more. Today, the facility is a nine hectare site that 
includes approximately three hundred linear meters 
by six vertical meters of fill embankment, ten at-grade 
channels, two reservoirs, pumping stations, rainfall 
simulators, and various instrumentation.

Since 1991, an annual evaluation of erosion control 
products have been studied at the Hydraulics and 
Erosion Control Laboratory. Data on specific field per
formance characteristics such as apparent vegetation
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coverage and sediment loss are collected and analyzed. 
Vegetation coverage is collected and analyzed by a 
video/image capture, an interactive, color analysis 
process. Artificial rainfall simulations provide the re
searchers with sediment loss ratios. TxDOT uses the 
data to support their Annual List of Approved Materials 
and develop standard installation detail sheets as con
struction document inserts. Private industry, TxDOT, 
and TTl cooperatively work to further this important 
area of environmental research and development. This 
cooperation led to a timely and fair program through 
which manufacturers' erosion control related materials 
are evaluated for use in TxDOT's construction and 
maintenance activities. The research objectives set forth 
include the following:
-  Determine the acceptable performance level in fos

tering the establishment of vegetative cover and 
sediment retention for slope and channel applica
tion areas within highway rights-of-way.

FLEXIBLE CHANNEL LINER STUDY

-  Acceptable flexible channel liners should promote a 
vegetative cover within the first six months after 
installation by protecting the seed bed from the im
pacts of shear stress from water flow and rain splash 
from raindrop velocity.

-  In cohesive soils (clay), vegetation density should 
reach and maintain a minimum coverage of 70% 
during the first six months after installation.

Shear stress data
In straight line charmels, the maximum tractive force 
occurs on the bottom and near the center of the chan
nel. The force generated at this point is a function of Y, 
the unit weight of water; d, the depth of flow; and S, the 
average slope of the channel bottom (energy gradient). 
This relationship allows one to estimate the maximum 
permissible tractive force with a single calculation as 
follows:

Id -  Y d s

The flexible channel liner testing facility consists of ten, 
at-grade channels (six with a 7% centerline gradient, 
and four with a 3% centerline gradient). Each open 
channel has a trapezoidal cross section that includes a 
0.30 m (1 ft) flat bottom, 1:1 side slopes, and a typical 
0.91 m (3 ft) depth beginning 4.5 m (15 ft) downstream 
of the channel release gate. The total length of each test 
channel is 26 m (85 ft). Water for the channels is sup
plied by an industrial grade, high-volume, low-head, 
axial-flow, pump capable of producing over 136,260 
liters per minute (36,000 gallons per minute).

Channel treatment begins with the installation of the 
flexible channel liner and the application of the TxDOT 
rural area, warm-season seed mixture for the District. 
Fertilizer is applied integrally with the seed mixture at 
the rate of 102.15 kg per 0.405 ha (225 lbs/acre). Experi
mental control consists of one charmel receiving the 
same vegetative treatment with no erosion-control ma
terial in place. Treatment plots are analyzed for their 
sediment retention performances (channel deforma
tion) and apparent vegetative density coverage with 
respect to shear stress capacity range.

Sediment retention criteria are as follows:
-  Acceptable flexible channel liners should reduce the 

sediment loss and channel degradation from the 
protected treatment area significantly greater than 
from bare ground (Control).

-  Flexible channel liners should effectively protect the 
seed bed from a short duration flow that produces 
less than 95.76 Pa (2 lbs/ft^)shear stress on the chan
nel bottom within the first 90 days after installation. 
Vegetation density coverage criteria are as follows:

-  Acceptable flexible channel liners should promote 
significantly greater vegetative cover on the pro
tected treatment area as compared to bare ground 
(Control).

Manning’s n  value for flexible channel liner 
research
For the flexible channel liner study, the researchers 
determined Manning's n value to simulate flows of 
equal shear stress upon the liner's bottom. To deter
mine Manning's n or roughness coefficient for each 
flexible channel liner, researchers used an indoor flume 
facility located at the College of Ocean Engineering, 
Texas A&M University. Physical dimensions of the 
box-shaped flume are approximately 0.46 m (18 in) in 
width, 1.22 m (4 ft) in height, and 21 m (70 ft) in length. 
The energy gradient is 2% longitudinally along the 
flume bottom. Researchers view the flows through the 
plexiglass sides of the flume.

The researchers attached the product to the ply
wood flume bottom with carriage bolts and washers 
placed 0.46 m (18 in) on center. At a predetermined rate 
of flow (Q), the researchers simulated a series of flows 
to collect velocity and depth measurements. Using a 
digital flow meter, the researchers recorded velocity at 
six different location in a single cross-section, to calcu
late the average velocity during uniform flow. The 
researchers used a point-gauge instrument to calculate 
depth of flow. Flow duration was for twenty minutes 
with data recorded every four minutes. Manning's n 
may be determined since rate of flow (Q), channel 
geometry and slope, measured resultant mean water 
velocity and depth of flow, are known. With this data, 
the research team figured a minimum, normal, and 
maximum Manning's n for each product prior to any 
flow simulations in the field.

Channel degradation (sediment) data for flexible 
channel liners
Following installation, each product is given a 90-day 
resting period to promote the initial growth of vegetation
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If a flexible liner has reached its maximum permissi
ble tractive force capability, it has reached its "failure" 
point. "Failure" in this context refers to the amoimt of 
bare ground exposed due to the failure of the material 
to withstand the shear stresses generated upon them. 
One obvious failure point is the material physically 
pulls away from the surface and is transported down
stream, thereby no longer providing protection to the 
charmel surface. Minor migration of material compo
nents within the flexible channel liner, such as excelsior 
or straw materials, would not constitute a failure as 
described here. No repairs were made to the flexible 
channel liners when damage resulted from a simulated 
flow event.

prior to initiating a series of increasing, shear-stress 
flows. After the 90-day rest period, a series of simu
lated flows begin. Prior to each flow, charmels are pre
wetted to moisten the channel surface. Based upon the 
determined Manning's n, and the known geometry of 
the channel, the depth of the water is controlled to 
initiate a series of increasing flows on 48 Pa (1 lb/ft^) 
increments. Each flow is repeated twice, each flow being 
twenty (2 0 ) minutes after uniform flow has been 
achieved. During the test flows, measurements are 
taken approximately every two minutes to determine 
the water velocity. Further, data is collected regarding 
product movement (loss of intimate contact with the 
soil). To determine channel deformation, cross sections 
are taken before and after each test flow. Using a point 
gauge at four different stations along the channel, 
seven readings are taken at each station as shown in 
Fig. 1. This procedure enables the researchers to quantify 
sediment retention and sediment bed load migration.

The average soil displacement exhibited within the 
channel is compared to the adopted maximum soil 
displacement standard to determine acceptance or re
jection. All channels are also sampled to determine the 
growth of vegetation. Each channel is initially sampled 
at the end of the 90-day resting period for vegetation 
production. The final density sample is normally taken 
during November. The vegetation density achieved 
within the channel by the final sampling is compared 
to the adopted minimum vegetation density standard 
to determine acceptance or rejection.

Shear stress (material performance) data for 
flexible channel liners
Before and after flow simulation, researchers visually 
inspected each treatment channel for any damage or 
undermining of the material. Significant rips, tears, 
pulling away at the seams or loss of material, etc., were 
recorded on a channel diagram and photographed. 
Since the researchers incrementally increase the shear 
stresses placed upon the flexible channel liners, these 
visual inspections help to determine if the liner should 
receive the next level of shear stress.

CONCLUSIONS AND TEST RESULTS

The research work accomplished at TTI continues the 
Federal Highway Administration's work cited in the 
FHWA Hydraulic Engineering Circular 15. While HEC 
15 establishes that the maximum tractive force occurs 
at the bottom center of the channel floor (point 4 in Fig. 
2), the TTI sediment loss data does not support this as 
the location of the maximum amoimt of soil deforma
tion or movement. The location which actually exhibit 
the most soil loss is at points 3 and 5. Furthermore, the 
data also indicates that point 4 actually exhibits the 
least amount of soil deformation in 75% of the shear 
stress test flows performed. This seems to indicate that 
shear stress in not necessarily related to soil displace
ment. It seems to suggest that the flow turbulence at 
these edges is possibly more significant than the shear 
stress.

Failure appeared to be equally due to material fail
ure as well as erosion failure. While most of the mate
rial damage seemed to occur early during the twenty 
minute test flows, erosion occurred throughout the 
entire twenty minute tests. Very little material damage 
took place at staple points even though some of the 
materials had a tenancy to float. Stapling pattern did 
not seem to affect the erosion. However, the more sta
ples, the less material damage.

In HEC 15, the maximum recommended shear stress 
values in an unvegetated condition for flexible channel 
liners range from 7.18 to 95.76 Pa (0.15 to 2 lbs/ft^). For

Fig. 2. Typical channel configuration.
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Table 1. Summary of data. Class 2 — 1996 Flexible Channel Liner Performance Test Results

Conditions 0-96 Pa (2 Ibs/fP) 0-192 Pa (41bs/fP) 0-287 Pa ( 6  Ibs/fP) 0-383 Pa ( 8  Ibs/fP)

Minimum Sediment Density Sediment Density Sediment Density Sediment Density
standards (cm of (% cover (cm of (% cover (cm of (% cover (cm of (% cover

charmel final channel final channel final channel final
deformation) round) deformation) round) deformation) round) deformation) round)

1.15 70% 1 . 0 0 70% 1 . 0 0 70% 0.80 70%

Product A 0.5611 78.116 0.7554 78.116 0.7516 78.11 0.6931 78.116
Product B 0.3541 79.982 0.4646 79.982 0.6154 79.982 0.6293 79.982
Product C 0.5666 92.853 0.853 92.853 0.5930 92.853 0.59214 92.853
Product D 0.8648 71.830 0.7565 71.830 0.8296 71.830 0.9994* 71.830
Product E 0.6784 86.574 0.7871 86.574 1.0169* 86.574 1.0642* 86.574
Product F 0.7866 54.664* 1.1029* 54.664* not tested not tested not tested not tested
Product G 0.9736 82.394 1.0861* 82.394 1.2780* 82.394 1.32551* 82.394
Product H 1.1487 56.954* 1.0671* 56.954* 1.0950* 56.954* not tested not tested
Product I 0.4974 59.490* 0.6113 59.490* not tested not tested not tested not tested

^Unsuccessful performance levels.
Product A: Dense, three-dimensional web of green Polyolefin fibers oriented and mechanically bonded between two nets.
Product B: 100% coconut fiber stitch bonded between a heavy duty UV stabilized bottom net, and a heavy duty UV stabilized middle 
netting overlaid with a heavy duty UV stabilized top net.
Product C: UV stabilized, three dimensional, multi-layered structure of polyethylene netting.
Product D: Dense web of extra-thick PVC monofilament thermally welded together.
Product E: UV stabilized, three dimensional, polypropylene.
Product F: Machine produced mat of curled wood excelsior with a photo degradable extruded plastic mesh on both sides.
Product G: Three dimensional matrix of heavy nylon monofilaments fused at intersections.
Product H: Biodegradable, Aspen wood fiber with a permanent UV stabilizing netting underlaid with a non-woven textile fabric. 
Product I: Woven, undyed jute.

vegetated condition it was 100.49 (2.1 Ibs/ft^). When 
tested in a vegetated condition at TTI, three flexible 
channel liners protected the channels during test flows 
in excess of 287 Pa ( 8  Ibs/ft^). The Table 1 presents the 
levels at which each of the test materials were tested.
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Compost and Wood Chips with Tackifier for
Erosion Control

Beverly B. Storey and Jett A. McFalls

Due to legislative mandates, the Texas Department of Transportation (TxDOT) and the Texas 
Transportation Institute (TTI) Environmental Management Program investigated the use of com
post and wood chips with tackifier as erosion control measures. Testing was conducted at the 
TxDOT/TTI Hydraulics and Erosion Control Laboratory in a simulated highway environment. 
Three materials were tested with two soil conditions on a 1:3 slope: compost, wood chips with a 
granular polyacrylamide tackifier, and wood chips with a hydrophilic coUoid tackifier. Rain 
simulations for one-year, two-year, and five-year storm intensities provided data relative to each 
material's sediment retention performance. Vegetative density coverage data was also collected. 
Results from preliminary trials suggest that compost and wood chips with tackifier are promising 
as effective erosion control measures. They outperformed some commercial rolled erosion control 
materials in vegetation establishment and slope protection at a potentially lower cost.

Keywords: Recycling, erosion control, compost, wood mulch, storm water management

INTRODUCTION

A nationwide expansion of waste reduction mandates, 
recycling legislation, and environmental campaigns 
have prompted the Texas Department of Transporta
tion (TxDOT) to modify current right-of-way manage
ment activities. One section of the Intermodal Surface 
Transportation Efficiency Act (ISTEA) of 1991 encour
ages the environmentally safe use of compost and 
other products derived from treated municipal sewage 
sludge by state and local governments along the rights- 
of-way of federally funded highways. Uses mentioned 
include highway planting projects, recultivation, and 
erosion control. The shredding of brush and other 
green matter for use as mulch and compost is a logical 
and desirable organic residual management option 
(Storey, McFalls, and Godfrey 1996).

COMPOST AND SHREDDED WOOD WITH 
TACKIFIER STUDY

Objective
The objective of this research study was to determine 
the field performance of compost and shredded brush 
(wood chips) with tackifier as erosion-control materials

for use in highway rights-of-way. Test procedures 
were based upon field performance evaluations con
ducted in a simulated highway environment.

Test materials for this study were:
— compost consisting of mixed yard debris with bio

solids (m unicipal sewage sludge) processed 
through a 6.35 mm screen;

— shredded wood (wood chips) processed through a 
76 mm screen with a granular polyacrylamide tacki
fier; and

— shredded wood (wood chips) processed through a 
76 mm screen with a hydrophilic colloid tackifier.

The compost and shredded wood materials used for 
testing were obtained from a municipal composting 
facility in Bryan, Texas. This facility composts yard 
wastes and biosolids from a seven county region. The 
mixture of biosolids, yard waste, and wood chips were 
thermophylically processed in windrows for 18 to 30 
days at 55°C, with agitation every two or three days. 
The composted material was then left to cure for 30 
days. This compost product complies with Environ
mental Protection Agency (EPA) regulations for unre
stricted use of biosolids and Texas Natural Resource 
Conservation Commission (TNRCC) requirements for 
use as soil conditioners.
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Methodology
The methods adopted for use in the research study are 
well developed and have been employed at the 
TxDOT/TTI Hydraulics and Erosion Control Labora
tory (HECL) for five consecutive years. Each test plot is 
at a scale that adequately represents the highway envi
ronment (Godfrey and McFalls 1995).

Installation — preparation and procedures
The Hydraulics and Erosion Control Laboratory is part 
of the Texas Transportation Institute's proving 
grounds in College Station, Texas. The 8.5 hectare facil
ity provides an earthen fill embankment with 70 test 
plots, two soil conditions, ten at-grade channels, two 
water reservoirs, pumping stations, rainfall simulators, 
and various instrumentation. The embankment was 
built in accordance with the Texas State Department of 
Highways and Public Transportation 1982 Standard Speci
fications for Construction of Highways, Streets and Bridges 
(TxDOT 1982). The facility was designed to collect per
formance data to produce and maintain an approved 
material list of erosion control products for TxDOT. 
The outdoor laboratory site has unique physical condi
tions that provide the most realistic conditions possible 
for conducting controlled experiments related to the 
roadside environment (see Fig. 1).

The 1:3 slope test plots used in this study were 6.2 m 
wide and 21 m down slope. Three of the test plots were 
sandy loam soils, and three were clay soils. Prior to 
testing, each of the plots were prepared as follows;
-  All sloped test plots were cleared of vegetation and 

the previous year's soil cap removed.
-  Plots were repaired with stockpiled or dug soil and 

brought back to a uniform, compacted grade.
-  The surface was rough graded with a chain link 

drag.
-  Each plot was sterilized with methyl bromide.
The standard seed mixtures were from TxDOT's stand
ard seeding specification published in the 7993 TxDOT 
Standard Specifications for Construction of Highways, 
Streets, and Bridges (TxDOT 1993). Since the laboratory 
is located in the Bryan District, the rural area species for 
warm-season perennial vegetation were used. Specific 
mixtures selected included a mixture for clay or tight 
soils and a mixture for sand or sandy soils. A slurry of 
fertilizer and the seed mixture was hydraulically ap
plied, at the recommended rate of 252 kg/ha, with a 
hydroseeder immediately before material installation.

Material installations
A 76 to 101 mm layer of each material was applied to 
the respective test plots, a material depth consistent

Fig. 1. TxDOT/TTI hydraulics and erosion control field laboratory.
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with findings in the literature review (Grille, Canter, 
and Carsouille 1989; Metro 1994; Virginia Department 
of Conservation and Recreation 1992; W&H Pacific 
1993). The materials were hand-applied using wheel
barrows and rakes. Effort was taken to maintain a 
consistent 76 to 101 mm layer throughout the test plots. 
The tackifiers were applied to the shredded wood in a 
water solution using a hydromulch machine according 
to manufacturer's instruction. Application rates were 
6.75 kg/ha for the granular polyacrylamide and 56 
kg/ha for the hydrophilic colloid. The materials, com
post and shredded wood with tackifiers, were installed 
on the clay test plots on 15 May 1995, and on the sand 
test plots on 26 May 1995.

Testing procedures and data collection
Test plot data relative to each material's sediment re
tention performance and vegetative density coverage 
was collected.

Rainfall simulation and sediment collection 
The rainfall simulation began on July 19, 1995. Each 
plot received a series of rainfall simulations: two one- 
year; two two-year; and two five-year design storms. 
This allows for increased vegetation establishment 
prior to the progressively intense rainfall testing. Each 
simulator unit consists of a series of arms spaced 1.5 m 
apart, mounted on a steel frame and set approximately
0.60 meters above the ground plane. Rainfall simula
tions were not done within 24 hours of a natural rainfall 
or during any natural precipitation or when the wind 
conditions were prohibitive. Adjacent plots were cov
ered with a plastic film during simulations.

The sediment collection boxes were at the base of the 
embankment. After each simulated rainfall event, all of 
the sediment and water were collected, covered, and 
temporarily stored. The sediment was allowed to settle 
for at least 24 hours before the top layer of water was 
vacuumed off and discarded. Soil samples were col
lected from each bucket and capped, labeled, and 
stored in the lab office. The remaining soil in the bucket 
was weighed, recorded, and discarded at this time. 
Each soil sample was dried to establish the wet/dry 
ratio for that sample. Finally, the dry sediment weight 
totals were divided by the number of 1 0  m  ̂ for each 
plot to figure total sediment loss.

Vegetation density data collection
The vegetative cover was analyzed using the Vegetation 
Coverage Analysis Program (VeCAP), which calculates 
the percentage of pixels in a sample image by color. Each 
plot was subdivided on a graph into a grid of 0.50 m̂  
sections. A random sampling pattern established with 
a random numbers table was used to set the sample 
locations. Thirty (30) samples from the 1:3 slope test 
plots were recorded with an 8  mm camera positioned 
perpendicular to the slope surface. The video images 
were converted to digital images using an image capture

board. Each image (sample) was processed with the 
VeCAP program. The final round of VeCAP was used 
for determining the percentage of vegetative cover.

Evaluation criteria
The evaluation criteria was developed through formal, 
field performance testing at HECL. TxDOT has 
adopted minimum performance standards for erosion- 
control blankets, flexible charmel lining materials, and 
hydraulically-applied mulches. In order for a product 
to be placed on TxDOT's Approved Material List, it 
must meet the currently adopted performance standards 
associated with that product. Of the types of materials 
tested at this facility, the standards for erosion-control 
blankets were chosen as a basis for evaluation in this 
study. Although compost and wood chips with tackifier 
do not have that same physical properties as an erosion 
control blanket, the performance capabilities of these ma
terials demonstrated in the literature suggested compa
rable effectiveness (Grille, Canter, and Carsoulle 1989; 
Metro 1994; Virginia Department of Conservation and 
Recreation 1992; DeVleeschauwer, Lai, and DeBoodt 
1978; Johnson City Trials 1993).

The evaluation criteria used for the compost/shred
ded wood with tackifier study were:
— In cohesive soils (clay) and a 1:3 or flatter sloped 

condition, sediment loss should be no greater than 
0.34 kg/10 m .̂ In non-cohesive soils (sandy) and 
slopes 1:3 or flatter sloped condition, sediment loss 
should be no greater than 1 2 . 2 1  kg/ 1 0  m .̂

-  In cohesive soils (clay) and 1:3 sloped conditions, 
vegetation density should reach a minimum cover
age of 80% during the testing cycle (growing season- 
March to November). In non-cohesive soils (sandy) 
and sloped conditions, vegetation density should 
reach a minimum coverage of 70% during the test
ing cycle.

RESULTS

Performance analysis

Compost
The compost produced 92% vegetation cover on the 
sand slopes. The vegetative cover on the clay slopes 
was 99%. A visual survey of the compost plots on sand 
shows impressive vegetation establishment but, the 
majority of the vegetation on the sand plot was due to 
Palmer amaranth {Amaranthus palmeris) rather than the 
seed mix. This is shown in Figs. 2-5, from The Use of 
Compost and Shredded Brush on Rights-of-Way for Erosion 
Control: Final Report (Storey, McFalls, and Godfrey 
1996). The plant height was approximately 2 m. The 
undesirable seed may possibly have been in the com
post itself and germinated upon application to the 
slope. The clay plot with the same compost, adjacent 
plots with other erosion control materials, and the
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Fig. 2. View of 1:3 clay test plots, 11 weeks post installation. 
Compost in center of photograph; wood chips with polyacryl
amide tackifier to the right of compost plot; wood chips with 

hydrophilic colloid tackifier, second right of compost plot.

Fig. 3. View of 1:3 sand test plots, nine weeks post installation. 
Control, left; compost, center; and wood chips with polyacryl

amide tackifier, right.

Fig. 4. View of 1:3 sand test plots, nine weeks post installation. 
Compost, left; wood chips with polyacrylam ide tackifier, 
center; and wood chips with hydrophylic colloid tackifier,

right.

Fig. 5. View of 1:3 sand test plots, nine weeks post installation. 
Compost in center of photograph; wood chips with polyacryl
amide tackifier, right of com post; wood chips with hydro

phylic colloid, second right of compost.

wood chips with tackifier plots did not show a signifi
cant presence of this plant.

The compost on sand plot lost an average of 3.88 
kg/10 of sediment during rain simulations. This 
result exceeds the performance standard for sediment 
loss for erosion control blankets with the control plot 
losing 28.576 kg/10 m̂ . On the clay slope, sediment 
loss for compost was 0.34 kg/10 m .̂ This result meets 
the maximum acceptable sediment loss for 1:3 clay. The 
control plot for 1:3 clay had a sediment loss rate of 
1.3015 kg/10 m̂ .

The compost maintained its physical properties 
throughout the test cycle. The material did not signifi
cantly shift from its installed position and kept a 
fairly consistent depth the length of the slope. Con
trary to what was anticipated, the compost did not 
blow to adjacent plots when dry or float when wet. 
There was minimal damage to the test plots from rill 
formation.

Wood chips with granular polyacrylamide tackifier 
The wood chips with a granular polyacrylamide tacki
fier had vegetative cover results comparable to the 
compost treatment by producing a 95% vegetative 
cover on the clay test plot. The sand plot had less 
satisfactory vegetative cover by producing only 48%. 
The sediment loss on the sand test plot was 11.27 kg/10 
m ,̂ which is 0.93 kg/10 m  ̂ less than the maximum 
allowable loss. The clay plot lost 0.15 kg/10 m̂  of 
sediment. This is 0.19 kg/10 m^less than the maximum 
allowable sediment loss for 1:3 clay freatment.

Wood chips with the hydrophilic colloid tackifier 
The wood chips with the hydrophilic colloid tackifier 
produced only a 50% vegetation cover on sand and 
only 57% cover on clay. Both are below the acceptable 
minimum. The sand plot lost sediment at a rate of 10.97 
kg/10 m  ̂which is 0.30 kg/10 m̂  less than the granular
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Table 1. Performance analysis

Product evaluated Year Slope Soil Maximum allowable Minimum allowable
sediment loss vegetation density
0.34kg/10m2 80%

Compost 1995 1:3 Clay 0.34kg/10m2 99%
Wood chips with polyacrylamide tackifier 1995 1:3 Clay 0.15 kg/10 m^ 95%
Wood chips with hydrophylic colloid tackifier 1995 1:3 Clay 0.30 kg/10 m^ 57%

Product evaluated Year Slope Soil Maximum allowable Minimum allowable
sediment loss vegetation density
0.34 kg/10 m^ 70%

Compost 1995 1:3 Sand 3.88 kg/10 m^ 92%
Wood chips with polyacrylamide tackifier 1995 1:3 Sand 11.27 kg/10 m^ 48%
Wood chips with hydrophilic colloid tackifier 1995 1:3 Sand 10.97 kg/10 m^ 50%

Source: Storey, McFalls, and Godfrey 1996.

polyacrylamide tackifier and 7.09 kg/10 m^more than 
the compost on sand plot. The sediment loss for the 
clay test plot was 0.30 kg/10 m  ̂which was twice the 
amount of sediment lost on the granular polyacry
lamide plot and slightly less than the compost on clay 
plot. These results for wood chips with hydrophilic 
colloid tackifier meet the minimum performance 
standards for sediment loss, but not for vegetation 
establishment.

All of the wood chips with tackifier test plots kept a 
consistent depth of material the length of the slope. The 
materials did not blow onto adjacent plots and were 
not transported down slope during rain simulations or 
natural rainfall events. The test plots did not show any 
significant damage from rill formation through the test 
cycle. The shaded areas in Table 1 denote test materials 
that met or exceeded TxDOT's standards for erosion 
control blankets.

Cost comparison of erosion control materials
The cost of the erosion control products currently in the 
industry varies greatly with product constituents. Us
ing the materials tested at the TxDOT/TTI Hydraulics 
and Erosion Control Field Laboratory, a comparison of

Table 2. Cost comparison of erosion control materials

Material Average cost 
($/SM)

Synthetic blanket 3.90
Organic blanket 1 . 2 0

Compost 0.97
Hydraulically applied mulch 0.34
Wood chips from ROW clearing operations minimal

Source: Storey, McFalls, and Godfrey 1996.

the average material cost of the 5 types of erosion 
control products are shown in Table 2. These figures 
are material cost only and do not include installation. 
The material cost of compost is about 20% less than the 
average organic blanket but approximately three times 
the cost of the average hydraulically applied mulch 
application. The wood chips, if taken from right-of- 
way clearing operations, have a minimal cost. Further 
research into different application methods (mechanical 
application rather than hand application), equipment 
and sources are necessary before feasibility and reason
able cost evaluation can be completed.

CONCLUSION AND RECOMMENDATIONS

The results were most encouraging. The compost met 
the minimum requirements for percentage of vegetative 
cover and was well within the sediment loss standard on 
sand and clay required by TxDOT for erosion-control 
blanket (soil retention blanket). The wood chips (shred
ded wood) using both tackifiers met the same sediment 
loss performance criteria used for erosion control ma
terials such as blankets and mulches for sand and clay 
soils. These results strongly suggest a potential cost 
savings benefit to transportation agencies. However, 
further research is needed to verify the results. Further 
examination of the following issues raised by this pro
ject is needed: cost effective application method; type 
and quality of vegetation; and tackifier types and ap
plication rates.

The application of the compost and wood chips for this 
study was labor intensive (wheelbarrows and rakes). This 
method would not be cost effective for highway construc
tion or maintenance operations. Alternate application 
methods, including blowing and/or hydro-seeding 
equipment, should be examined prior to making any
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recommendations for field application. Review of 
potential application methods are under preliminary 
investigation.

While vegetation coverage using compost was well 
above the minimum acceptable levels, the charac
teristics of the vegetation warrant further investiga
tion. The compost material used apparently contained 
weed seed, Palmer amaranth {Amaranthus palmeris), 
which contributed much of the vegetative cover. For 
this reason the desired seed mix did not compete well 
with the undesirable weed seed. Germination of the 
desired seed mix may also have been retarded by plac
ing the compost and wood chips over the seed using 
the same installation as many erosion control blankets. 
In an attempt to ensure the germination of the desired 
vegetation, application of the seed mixture applied on top 
of or blended in with the compost needs to be investi
gated. If a water slurry is used, the seed mixture can be 
blended and applied by blowing, using the hydro-seed
ing method to ensure proper seed distribution.

Two different tackifiers were used with the wood 
chips. The granular polyacrylamide tackifier was ap
plied at a rate of 6.72 kg/ha. The colloidal clay-based 
tackifier was applied at a rate of 56 kg/ha. The test 
plots using the granular polyacrylamide tackifier pro
duced almost twice as much vegetation as the colloidal 
clay-based tackifier. Different tackifiers and their appli
cation rates to stabilize different soil types and slopes 
need to be examined to reinforce the capabilities of 
using wood chips.

The success of compost and wood chips with tacki
fier on 1:3 slopes suggests further performance testing 
on the more demanding 1 : 2  slopes may be worthwhile. 
More rigorous tests on the 1:2 slopes will provide a 
good indication on the limits of each material's effec
tiveness. The material cost of using compost and 
wood chips with tackifier is potentially below the 
average material cost of synthetic and organic blan
kets. The cost effectiveness of using these materials 
will be determined by accessibility of materials and 
more practical application methods. Debris from 
right-of-way clearing operations may possibly pro
vide a cost effective source for wood chips. Organic 
waste disposal costs may be dramatically reduced 
while providing on site erosion control material. 
Compost sources are located throughout the State of 
Texas with new composting facilities emerging. With 
the testing done thus far, compost and wood chips 
with tackifier have demonstrated remarkable results. 
Further investigation to replicate results, confirm 
conclusions, and modify the application methods 
needs to be conducted before being recommended for 
use by transportation agencies as an erosion control 
material.
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Vegetational Succession Following a 
Broadcast Treatment of Glyphosate to a 

Wild Reed Stand in a Utility Right-of-Way

Michael R. Maggie, Richard A. Johnstone, Roland J. Limpert,
and Hubert A. Allen

Tree, shrub, and herbaceous vegetation succession is documented following an aerial broadcast 
application of glyphosate, and subsequent selective applications, to a non-tidal wetland on a 
Delmarva Power right-of-way (ROW) in central Delaware. Herbaceous vegetation was initially 
dominated by the ecologically invasive, non-native, wild reed (Phragmites australis), while woody 
vegetation was dominated by undesirable red maple (Acer rubrum) and black willow (Salix nigra). 
The herbicide treatment resulted in the elimination of almost all vegetation in the initial year 
post-treatment. However, 65 ecologically desirable herbaceous and only one undesirable species 
were present within two years post-treatment. Species compositional changes over the five year 
study period are discussed, with emphasis on compatibility with the operation and maintenance 
of a ROW, and the effect on biodiversity and wildlife habitat potential. The relative dominance of 
desirable and undesirable herbaceous and woody vegetation is documented.

Keywords: Right-of-way (ROW), succession, herbicide, Phragmites, Delaware, relative dominance, 
frequency, herbaceous, shrub

INTRODUCTION

Up until the mid 1950s, electric utility rights-of-way 
(ROW) were largely mechanically mown to remove 
interfering tall trees to aid ease of access for mainte
nance and distribution of energy (Nowak et al. 1993). 
This method required use of heavy machinery and 
manpower in an inherently arduous work environ
ment (Hallmark 1996) involving repeat treatments 
every two to four years. The time interval depended 
upon the types of vegetation encoimtered.

The 1960s heralded an era of broadcast herbicide 
control of undesirable plant species which was followed 
by nearly two decades of selective control, lasting until 
the 1980s. With public opinion being at odds over the use 
of herbicides during the 1990s, an Integrated Vegetation 
Management (IVM) system has evolved which employs 
a combination of control methods. IVM incorporates 
handcutting, mechanical control, chemical techraques, 
cultural methods, and biological control (Hallmark 
1996). (Note: for this study imdesirable species include

those that will grow to a sufficient height so as to 
interfere with overhead wires.)

Since 1986, Delmarva Power (DP) has gradually im
plemented some IVM methods in ROW management, 
particularly the selective use of herbicides along with a 
high degree of field crew education concerning the iden
tification of desirable and imdesirable shrub and tree 
species. These methods have not only produced a signifi
cant cost savings to the company of $3 million (Johnstone 
1997, personal communication), but have also created 
over 3,642 ha (9,000 acres) of potential wildlife habitat 
along 9,171 km (5,700 miles) of ROW in Maryland, 
Delaware, and Virginia (Wildlife Habitat Enhancement 
Council 1992). Much of this is ecologically termed "old- 
field" type, which can have considerable value for cer
tain wildlife species (Chasko and Gates 1982, Delorey 
1992, Bramble et al. 1987, Smith 1966).

The initial investment into an IVM program in terms 
of labor, machinery and herbicide costs are relatively 
intense. However, these inputs peak in the first two years 
of the program's implementation (Johnstone 1993),
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ultimately creating a system of reduced annual costs 
versus regular mowing. From a frequency and timing 
point of view, mowing can be very damaging to ground 
nesting wildlife (Rosene 1969). The habitat produced 
through IVM is often of higher quality because of greater 
plant diversity for species needing blocks of undisturbed 
shrub habitat with little or no human disturbance.

The ultimate objective of this type of management is 
to create relatively stable and desirable shrub/herba- 
ceous communities that evolve to outcompete undesir
able tall growing trees. This situation can be achieved 
with a gradual reduction of herbicide use, ending with 
only periodic spot treatment (Bramble et al. 1991).

Delmarva Power (DP) has contracted with 
Chesapeake Wildlife Heritage (CWH) to evaluate the 
effects of several herbicide and mechanical treatments 
of sections of ROW in Maryland and Delaware. This 
paper describes plant species succession following an 
aerial broadcast treatment and subsequent spot treat
ments with glyphosate of a mixed deciduous shrub 
swamp dominated by a monospecific herbaceous 
stand of Phragmites australis (Gav.) Trin.

STUDY AREA AND SITE HISTORY

Located at the Abbott's Mill Nature Center near Milford, 
Sussex County, Delaware, the study area lies at coordi
nates 38°53'N and 75°30'W. The overlying soils are hy- 
dric. The immediately adjacent non-hydric upland and 
underlying soil type is Johnston silt loam, in the Eves- 
boro-Rumford Association (Ireland and Matthews 1974).

The area encompasses a 50 m wide section of DP 
electric transmission line right-of-way that passes 
through secondary regrowth mixed forest and shrub 
wetland (Tiner 1988) for 150 m.

The utility power line was originally constructed in 
1968, and up until 1983 had been mown every three 
years by the utility company contractor. Wishing to 
eliminate the use of mowers in the wetland area, the 
owners (Delaware Nature Society) offered to hand 
clear the wetland area themselves of undesirable tree 
species using volunteers.

By 1990, the hand clearing had not adequately been 
performed, resulting in three species (taxa), two undesir
able and one desirable (see Fig. 2), attaining tree dimen
sions (> 5 cm) and threatening the reliability of the electric 
conductors. The wetland herbaceous community had 
also become dominated by an almost monospecific 
stand of Phragmites australis (see Fig. 1). In October 
1990, in a cooperative program of Phragmites control 
with Delaware Fish and Wildlife Service, DP had an 
aerial treatment of glyphosate herbicide applied at a 
rate of 10.44 1/ha (4 qts/acre) of glyphosate, 53.8% 
active ingredient (a.i.).

This study follows the tree, shrub, and herbaceous 
plant succession that colonized this site over the ensu
ing five years.

METHODS AND MATERIALS

Baseline data of tree, shrub and herbaceous species were 
taken prior to broadcast aerial application of herbicide in

i Total Species 
(includes vines)

I Herbaceous Vines

S e a s o n  &  Y e a r  (S  =  S p rin g , F =  Fa ll, N S  =  N o t S a m p le d )

Fig. 1. Abbott's Mill herbaceous six year progression.
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the fall of 1990. The herbicide used was Rodeo, which 
is an isopropylamine salt of N-(phosphono methyl) 
glycine (common name: glyphosate isopropyl/ammo
nium) (Meister and Sine 1996).

A linear transect survey method was used because 
of this method's suitability to follow long term vegeta
tion succession (Smith 1966). A 50 m wide by 70 m long 
centrally located section of ROW was selected as a site 
that was representative of the wetland (hydric) vegeta
tion to be surveyed. Ten 2x20 m shrub plots, 10 m apart 
were established, five on either side of the 1 0  m wide 
central maintenance track, which was not surveyed. 
Shrub survey lines were commenced 10 m from one 
end of the survey block. Two tree plots, 20x50 m, 
were established, one on either side of the mainte
nance track. The end points of each transect line were 
marked with stakes which allowed the same transect 
to be resurveyed in subsequent years.

Herbaceous plots 1 m  ̂were laid out along the cen
tral line of the shrub plots every 5 m. The 5 m points 
were permanently marked with wire flags. At either 
end of the transect, 5 m was left to reduce the effects of 
(1 ) edge shading from the adjacent woodland and (2 ) 
upland plant species competition from the central 
maintenance track (see Fig. 5).

In the tree plots, individuals were identified to spe
cies where possible, counted and measured at diame
ter at breast height (DBH). Woody specimens >5 cm 
were considered trees. In the shrub plots, specimens 
were identified to species, and stem count taken. 
Woody specimens <5 cm were considered shrubs, 
based on size, morphology, and management prac
tices. Undesirable woody species are problematic to 
the management of the ROW if they succeed in domi
nating and outcompeting other species. Only when 
they reach a stage >5 cm are they controlled by the 
utility company. Natural competition from seedling 
to 5 cm eliminates many individuals (Odum 1971).

Herbaceous vegetation was stem counted and per
cent cover taken following species identification. All 
specimens were identified to genus, and to species, 
where practicable. A prefabricated 12.5 mm (half-inch) 
PVC meter square was used along the survey line, 
within which the data were taken.

Tree, shrub and herb data were collected in the fall 
from 1990 through 1995. Herbaceous data were col
lected in the fall from 1990 through 1995 and in the 
spring from 1991 through 1995.

A relative dominance index (RDI) was developed 
for this study to compare the various species groups to 
each other and between seasons and years. The RDI 
was calculated by the equation:

RDI of species A =
Dominance of species A in season X 
Frequency of species A in seasonX

Dominance was defined as the total number of indi
viduals divided by number of plots in the survey for

shrubs and trees, and average percent area coverage 
divided by the number of plots in the survey for herba
ceous species.

Frequency of species A =
Number of plots species A found 

Total number of plots

Frequency was defined as the number of plots on 
which a species is found divided by the total number of 
plots in the survey. The RDI scores for each species can 
be combined to provide scores for desirable, imdesir- 
able and woody vine species groups for each season 
and year of the study. A high RDI indicates that a 
particular species or species group was found to occur 
at a higher density relative to a species or species group 
having a lower RDI value.

Nomenclature used for herbaceous and woody spe
cies is taken from Brown and Brown (1972 and 1984), 
and for bryophytes, Shuttleworth and Zim (1967).

RESULTS AND DISCUSSION

In September of 1990 the entire wetland section of the 
utility ROW was aerially treated with a broadcast ap
plication of glyphosate, including the survey area. The 
shrub swamp was dominated by desirable and unde
sirable woody species (see Fig. 2), including three tree 
species. The herbaceous vegetation was almost entirely 
composed of Phragmites australis.

One month later all woody vegetation was superfi
cially dead in the survey area. A few scattered living 
specimens of Phragmites australis were noted outside 
the shrub transects. The herbaceous plots consisted 
entirely of dead vegetation, mainly Phragmites.

In the spring and fall of 1991 again all herbaceous 
plots comprised of dead vegetation. In the fall of 1991 
a few scattered specimens of Phytolacca americana L., 
Polygonum sp., Mikania scandens (L.) Wild., Aster sp. and 
Panicum sp. were found outside the herbaceous plots. 
The shrub plots comprised of a few specimens of re
sprouted Acer rubrum and Rhus glabra and a group of 
Amelanchier on transect 8 .

The spring of 1992 shows a dramatic increase in the 
numbers of herbaceous species (56), with a five year 
peak of 6 6  species in the fall. Thereafter from the spring 
of 1993 to the fall of 1995 the number drops slightly and 
oscillates between 53 and 59 species (see Fig. 1). This 
may suggest a long term settled equilibrium. There 
was no correlation to the amount of rainfall. The herba
ceous RDI increases rapidly to 79.3 in the first two years 
post-treatment and then plateaux at around 78 in years 
three to five (see Fig. 4). The number of herbaceous vine 
species holds very constant through the post-treatment 
survey. The high number of herbaceous species in the 
fall of 1992 may be attributed to initial lack of competi
tion from woody/shrub vegetation. As the RDI of
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Fig. 2. Abbott's Mill woody/shrub six year progression.
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Fig. 3. Abbott's Mill woody/shrub species relative dominance six year progression.

woody species increases, the number of herbaceous Baseline shrub data was taken in the fall of 1990 just
species settles back to oscillate between 53 and 59 in the prior to herbicide treatment. No live specimens were
years 1993-1995 (see Fig. 3). counted one month post-herbicide application; all
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specimens at that date were ostensively considered 
dead. A few resprouted Acer and Rhus specimens were 
counted in the fall of 1991 (RDI 4.67, see Fig. 3.). As with 
the herbaceous species, 1992 shows a dramatic increase 
in woody/shrub, both desirable and undesirable, and 
woody vine species with a peak over the survey period of 
26 species in the second year post-treatment. This level is 
held fairly constant through 1994, when in 1995 a slight 
decline in desirable species is noted. Again this may be 
due to interspecific competition as the RDI increases to 
52.9 in 1995. Undesirable and woody vine species hold 
fairly constant through the post-treatment years.

In summary, a monospecific stand of non-native 
wild reed was virtually extirpated and replaced with a 
stable community of 53 native herbaceous species with 
an RDI of 78 within five years following a broadcast 
application of glyphosate herbicide. In contrast nu
merical diversity in the shrub commimity is restored in

five years post-treatment, with a numerical increase in 
three of the four intervening years. Compositionally 
the woody/shrub community loses five species follow
ing herbicide treatment, but gains 1 2  new species after 
five years. The number of undesirable woody species 
holds fairly constant in the year pretreatment and in 
years 2-5 post-treatment.

Despite adverse public reaction to the use of pesti
cides in recent years, this study shows that herbicide 
use, reduced over time to spot treatments, can create 
diverse managed plant communities that benefit both 
energy distribution and wildlife. A diversity of undis
turbed flora will lead to a diversity of vertebrates and 
invertebrates. Thus judicious herbicide use has a valid 
place in modifying disrupted vegetational areas to 
bring about a system that is more representative of a 
natural community as well as serving human social 
needs in an already perturbed environment.

8 0 7 9 . 3 7 8 . 9

----------7 8 . 2 9

*  R D I =  0  f o r  w i ld l i f e  d e s ir a b le  h e r b a c e o u s  s p e c ie s  

R D I =  9 9 . 3  fo r  w i ld l i f e  u n d e s ir a b le  h e r b a c e o u s  s p e c ie s  (Phragmites)

Fig. 4. Abbott's Mill desirable herbaceous and woody/shrub relative dominance six year progression.
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Fig. 5. Survey design and layout, Abbott's Mill, Houston, Delaware.
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Pentachlorophenol in Soil Adjacent to Utility
Poles in New York State

Edward F. Neuhauser, Ishwar P. Murarka, Scott Shupe,
and Martha Mayer

In cooperation with the Electric Power Research Institute, Niagara Mohawk Power Corporation 
completed detailed soil sampling and analyses to determine distributiorrs of chlorophenols in the 
vicinity of in-service utility poles in New York State and biodegradation rates. Samples were 
aligned along cardinal compass directions and collected from four depths at 7 .6 ,20.3 ,45.7  and 76.2 
cm (3 ,8 ,18 , and 30 in) from poles. Sample depths varied with pole length. The species of wood and 
pole age showed little effect on distribution of chlorophenols in soil. The release of leached 
pentachlorophenol (PCP) was shown to be limited to short distances from the poles, 7.6 cm (3 in) 
mainly. The majority of maximum PCP concentrations in soil were less than 100 mg/kg and 
occurred in surface and shallow samples. Secondary tetrachlorophenols and trichlorophenols, 
which occur in PCP treatment solutions, showed distributions in soil similar to PCP. Soil pH for 
samples from the Adirondack region was relatively lower than for samples from other regions. The 
frequency of high PCP concentrations was greater for the Adirondack area samples than for 
samples from the other state areas. The average half-life of PCP in New York soil during laboratory 
studies was less than three years. The results of the sampling and laboratory testing demonstrate 
that site-specific factors influence the behavior of PCP in the vicinity of in-service poles.

Keywords: Soil, biodegradation. New York State, chlorophenols, tetrachlorophenols, trichlorophe
nols, pentachlorophenol, preserved wood pole

INTRODUCTION

Wood transmission and distribution system poles used 
by utility companies are commonly preserved with 
pentachlorophenol (PCP). In the United States, ap
proximately 3 % of an estimated 60 million poles are 
replaced annually. The United States Environmental 
Protection Agency (EPA) has regulated PCP and asso
ciated chlorophenols: 2 ,4 ,5 -trichlorophenol and 2,4,6- 
trichlorophenol, under the toxicity characteristic (TC) 
rule since 1990 (Federal Register 1990). Safe drinking 
water standards established in 1991 set the maximum 
contaminant level (MCE) for PCP at 0.001 milligram 
per liter (mg/1). The EPA is expected to modify the TC 
limit for PCP eventually because drinking water MCLs 
are a basis used for establishing TC limits.

The distribution of PCP in soil adjacent to utility 
poles was investigated by the Electric Power Research 
Institute (EPRI) across the United States (EPRI 1995a),

including an expanded sampling scope in New York 
state. These studies involved sampling and analysis of 
soil in the vicinity of utility poles, and biodegradation 
and attenuation studies of PCP in soil samples from 
near the poles. Methods and findings for the New York 
pole study involving 31 poles (30 distribution, one 
transmission) are published in a March 1995 report 
(EPRI 1995b). The field and analytical methods were 
the same as those used for EPRI's national study. Niag
ara Mohawk Power Corporation (NMPC), New York 
State Electric and Gas Corporation (NYSEG), Rochester 
Gas and Electric Corporation (RG&E), and the Empire 
State Electric Energy Research Company (ESEERCO) 
co-sponsored the New York pole study.

None of the New York sample sites was located in 
the Adirondack Park area (Fig. 1). Therefore, NMPC un
dertook a supplemental study of 1 2  poles ( 1 0  distribution, 
two transmission) to evaluate distribution of PCP in soils 
typical of those found in the Adirondack Park.
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pH

From EPR11993, Based on Mortimer [1991] * pKa = 50% associated, 50% dissociated

Fig. 1. Locations of sampled New York State utility poles.

The objectives of both the EPRI and NMPC studies 
were as follows:
1 . to determine the distribution of chlorophenols in 

soil collected adjacent to in-service utility poles;
2. to estimate attenuation coefficients for PCP in soil; 

and
3. to estimate the rate of PCP biodegradation in soils. 

This paper conveys the observations and findings
for the New York pole studies in reference to the distri
bution of chlorophenols in in-service utility poles and 
in soil adjacent to utility poles, and the results of biode
gradation tests. The retention levels of preservative in 
individual poles at treatment were not known. The 
concentrations of PCP in representative wood core 
samples were measured during the studies.

BACKGROUND 

Soil types
Sampling locations for the original study were gov
erned by the geographic location for service areas of 
participating utilities. Four general soil groups were 
predesignated for investigation during the second 
study, in the Adirondack region. These included wet
lands soil, sand, cobbly soil, and till or lacustrine de
posits, in an attempt to group soil samples for which 
the behavior of PCP leachate was expected to be simi
lar. Most data from the original study can be grouped 
with the four soil categories of the supplemental study, 
based on observations in boring logs and results of 
grain-size analysis. Soil conditions at 12 poles from the 
original study were not consistent with placement 
within any of these categories due to the predominance 
of silt and clay at those locations. For purposes of this 
paper, the findings are grouped by study (i.e., original 
or supplemental).

Solubility of PCP
PCP is an acidic phenol with ring chlorines that resist 
displacement (EPRI 1993). It dissolves in most organic 
solvents in percentage amounts but, in water solubility 
is pH dependent and is in tens of parts per million

Fig. 2. Speciation of PCP as a function of pH.

range. At pH 4.7, the pKg, one-half of the PCP is present 
in the non-polar phenolic acid form and one half in the 
ionized, phenate form (Fig. 2).

The effect of pH on the form of PCP influences the 
behavior of PCP in soil and groundwater through solu
bility and sorption phenomena. The primary role of pH 
in adsorption of PCP has been proven experimentally 
(Christodoulatos et al. 1994). Relatively higher levels of 
ionized PCP go into solution as pH increases above 4.7. 
For pH < 7, as pH decreases, the quantity of the non
polar form increases, increasing sorption of PCP to soil 
particles. The non-polar form retains its hydrophobic 
nature, which produces an affinity for organic material 
(O'Brien and Gere 1992). As the level of organic substance 
in the soil increases, the level of PCP sorption will in
crease. Because a dynamic balance occurs between ion
ized and non-polar forms of PCP, the solubility of PCP 
for a given quantity entering the environment is vari
able, depending on pH and organic content of the soil.

In natural water systems that tend to be more basic 
than acid, PCP is present chiefly in the dissociated form 
and is more readily mobile due to reduced adsorption 
(Lafrance, Marineau, Perreault and Villeneuve 1994). 
Conditions of acidic surface and groundwater would 
tend to produce less mobility, resulting in higher de
tectable concentrations in sediment or soil.

Solvents used with PCP treatments can influence the 
mobility of PCP (Christodoulatos et al. 1994). Use of 
solvents that promote wood swelling wiU facilitate sorp
tion of PCP on cell walls, resulting in reduced release of 
PCP over time. However, free-phase solvents in the envi
ronment increase the mobility of PCP because the PCP 
will tend to remain dissolved rather than become fixed to 
soil particles. The solvent typically used with PCP for 
wood pole treatments is diesel petroleum.

METHODS

Sampling
For both studies, a sampling grid was created to estab
lish sample locations. Four hole locations were aligned 
on each of four spokes radiating from the pole along
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the four cardinal directions (true north, east, etc.), using 
a compass set to the local declination. The holes on each 
spoke were located at a distance of 7.6, 20.3, 45.7 and 
76.2 cm (3, 8 , 18, and 30 in) from the pole. A ring 
sampling design resulted. For transmission poles with 
heights exceeding 18.3 m (60 ft), samples were added 
to each spoke at a distance of 121.9 cm (48 in) from the 
pole. Background soil samples were collected at loca
tions approximately 3 m (10 ft) upgradient of the pole 
to investigate the characteristics of native soil at areas 
not influenced directly by PCP leachate from the poles. 
Supplementally treated poles were avoided during 
both studies.

Samples were obtained from four depths within each 
hole: top or surface, shallow, mid-depth, and deep. The 
poles investigated in New York ranged in length from 
10.7 to 27.4 m (35 to 90 ft); burial depth of the poles varied 
with length. Subsurface-soil samples were positioned in 
reference to the butt end of the poles, with the deep 
samples located 0 . 6  m ( 2  ft) deeper than the pole burial 
depth or at a maximum of 3.6 m (12 ft). Sloping or 
uneven topography dictated the use of a point on the 
pole, called a datum point, from which to standardize 
the depth to each sample at a pole. Mechanics of sam
pling, sample handling and field decontamination 
have been described previously (EPRI 1995b).

Research Laboratory for both the EPRI and NMPC 
studies.

Five physical/chemical parameters were measured 
in samples from the 20.3-cm (8 -in) ring and the back
ground location at each pole: pH, total organic carbon 
(TOC), cation exchange capacity (CEC), grain size, and 
percent moisture.

Samples of pole wood were collected from repre
sentative distribution poles during each study. A sam
ple of the outer 5.1 cm (2 in) of the pole wood was 
collected with a 0.5-cm (0.2-in) diameter wood borer, 
0 . 3  m ( 1  ft) above ground surface, aligned with the 
north spoke. The wood sample was analyzed for chlo- 
rophenol content.

A microscale solvent extraction (MSE) method, a 
modification of EPA Method 8040 developed by EPRI, 
with quantitations based on flame ionization and electron 
capture detection, was used for analysis of PCP and 
associated chlorophenols for soil and wood samples.

Standards for identification and quantitation used 
with MSE include the following constituents:

2.4- dichlorophenol 2,3,6-trichlorophenol
2.3.5- trichlorophenol 2,3,5,6 -tetrachlorophenol
2.4.5- trichlorophenol 2,3,4,6-tetrachlorophenol
2 .4 .6 - trichlorophenol pentachlorophenol
2.3.4- trichlorophenol

Analyses
Based on findings during the national EPRI pole study, 
each sample from the 7.6 and 20.3-cm (3- and 8 -in) rings 
was analyzed separately to focus on the area of highest 
concentrations of PCP in soil near poles. Samples from 
the four depths in the 45.7-, 76.2-, and 121.9 cm (18-, 30-, 
and 48-in) rings were composited by hole. A known 
volume of soil from each sample for a given hole was 
placed in a decontaminated stainless-steel bowl cov
ered with aluminum foil between samples. The soil 
was homogenized once soil was collected from all four 
soil intervals and a composite sample was retrieved.

Biodegradation (mineralization) and attenuation 
testing was conducted on composited samples from 
the background location using EPA protocols, 40 CFR 
796.3400 and 40 CFR 796.2750, respectively. The work 
was undertaken at the Utah State University Water

RESULTS AND DISCUSSION

Pole characteristics
The predominant category of wood represented by the 
sampled poles was Southern pine (Fig. 3), a general 
category comprised of six species. Western red cedar 
and Douglas fir were also represented. The ages of 
sampled poles ranged from 6  to 26 years (Fig. 4). Poles 
investigated during the original study were generally 
younger than the poles investigated during the supple
mental study. While the age of the pole does not corre
spond necessarily to the years in service, the difference 
in distribution of pole age between the two studies is 
large enough to allow the conclusion that poles from 
the supplemental study tend to represent longer peri
ods of leaching than do poles from the original study.

O rig in a l  
P o le  S tu d y  (E P R I,  1 9 9 5 a )

i  *  Douglas F i r ^  4

TT

S u p p le m e n ta l  
P o le  S tu d y

Southern Pine

Fig. 3. Distribution of wood pole species. Fig. 4. Distribution of wood pole ages.



494 E.F. Neufuiuser, I.P. Murarka, S. Shupe, and M. Mayer

C o n c e n t r a t io n C o n c e n tr a t io n

pcP

2 ,3 ,5-6 ^0" *
2 ,*.6 -̂ ''2,3.5-'̂ ''

Fig. 5. Chlorophenols detected in wood samples (mg/kg).

PCP in poles
Analyses of wood samples from representative poles 
show that PCP, two tetrachlorophenols and two trichlo- 
rophenols were detected (Fig. 5). The detected concentra
tions of PCP ranged from 260 to 9,500 mg/kg. Total 
tetrachlorophenols and trichlorophenols were found to 
range from 5.5 to 600.1 mg/kg and from no detection to 
3.5 mg/kg, respectively. Pole age appears to have no 
effect on the level of chlorophenol in the wood sampled.

Technical grade PCP used for preservation should 
be 95% PCP (American Wood Preservers' Association 
1995a). Tetrachlorophenols and trichlorophenols are 
present routinely in the preservative. The treatment 
solution is a dilution of the preservative. Typically, 
diesel fuel is the solvent (carrier) with which utility 
poles are treated. Using data from the literature and 
results from the New York pole study. Table 1 was 
prepared. Eisler (1989) (reported in O'Brien and Gere 
1992) reported technical grade PCP to be 85-90% PCP. 
The total concentration of 2,3,4,6-tetrachlorophenol 
and 2,3,4,5-tetrachlorophenol varied between 40,000 
and 80,000 milligrams per kilogram (mg/kg) and the 
total concentration of trichlorophenols was 1 , 0 0 0  

mg/kg. Using the conventional, pressurized preserva
tion treatment Standard C4 with preservative retention

Table 1. Chlorophenol concentrations (mg/kg) in preservative, 
treated poles, in-service distribution poles, soil

Chlorophenol source Penta-
chloro-
phenol

Total
tetrachloro
phenol

Total
trichloro-
phenol

Technical grade' 875,000 60,000 1 , 0 0 0

Treated pole (calculated)^ 16,819 1,153 0 . 0 0 1

In-service pole 5,095 175^ 0.85^
Soil 364 2i 3 0.17*

1. Average values from Eisler, 1989.
2. Based on retention of 0.45 Ibs/fP after treatment (American 
Wood Preservers' Association Standard C4).
3. Average totals of 2,3,4,6 tetrachlorophenol and 2,3,5 tetrachlo- 
rophenol for 1 0  poles.
4. Average totals of 2,4,6; 2,4,5; 2,3,4; 2,3,6; and 2,3,5 trichlorophe- 
nol for 7 poles.

of 0.45 lb/ft  ̂(American Wood Preservers' Association 
1995b), the theoretical concentrations of chlorophenols 
in freshly treated wood poles were calculated. Results 
from analyses of samples collected during the pole 
studies were used to calculate the average concentra
tions in wood and the average concentrations in the soil 
samples with the highest PCP concentration per pole. 
In comparing the calculated concentrations, it is evi
dent that the relationship between PCP and total 
tetrachlorophenols was grossly similar across media. 
The relatively more reactive trichlorophenols did not 
show a consistent relationship to PCP and total 
tetrachlorophenols across all media. The changes in 
trichlorophenols for the theoretical calculations and the 
averages based on empirical measurement were con
sistent within each set of data. The breakdown of the 
penta and tetrachlorophenols could contribute to the 
variation in concentration of trichlorophenols overall.

The concentrations of PCP detected in soil near 10 
New York poles tend to show similar relationships to 
PCP in the weathered pole with the exception of one pole 
(Table 2). Other comparisons could be made for tetrachlo
rophenols only. Overall, these relationships indicate a 
limited release of chlorophenols to the environment.

Distribution of PCP
Results from the original (Fig. 6 ) and supplemental 
studies (Fig. 7) were similar in reference to the distribu
tion of PCP with distance from poles. Pooled data from 
each study are presented to illustrate the contributions 
both made toward statewide characterization of the 
distribution of PCP around utility poles.

Sourc« EPRI, 1995b

Fig. 6 . Pooled distribution of PCP concentrations (mg/kg) 
by ring, for all depths (original study).

___ ND

Fig. 7. Pooled distribution of PCP concentrations (mg/kg) 
by ring, for all depths (supplemental study).



Pentachlorophenol in soil adjacent to utility poles in New York State 495

Table 2. Ratios of maximum chlorophenol concentration in soil samples^ to concentration in individual wood samples (mg/kg)

Wood
type

Pole age 
(years)

Pentachlorophenol 
in wood sample

Sou
type

Ratio of soil to wood concentration

Pentachloro
phenol

2,3,5-6 Tetra- 
chlorophenol

2,3,4-6 Tetra- 
chlorophenol

SP 4 8,80(F S/C 0.01 0.14 0.01
SP 7 6,860] W 0.003 0.03 0.005
SP 7 2,300^ S 0.08 0.02 0.08

SP 10 9,50(F S 0.001 0.001 NA

SP 11 540^ S/C 3.52 0.16 2.18

SP 11 260^ S/C 0.11 ND 0.02
SP 22 8,440 c 0.01 0.01 0.01
SP 26 5,670] S/C 0.02 0.04 0.01
DF 16 5,180 s 0.22 0.47 0.4

WRC N/A 3,40(F S/C 0.02 ND 0.19

1. The soil sample with the maximum level of pentachlorophenol near a pole (3-inch ring) for which wood concentration was measured 
was used for the comparison.
2. Source: EPRI (1995b).
NA = not analyzed; ND = not detected in soil samples; J = estimate.
Wood types; DF = Douglas Fir; SP = Southern Pine; WRC = Western Red Cedar.
Soil types: C = cobbly; S = sandy; S/C = silt/clay; W = wetland.

f
'If  j

__ ^  pol« »ludy

if a  Btudy,

■ I *  1 

I f  j' /  A
'4 . l i  i iH

1 \Itj , 1 J
P C P  C o n c c n tn tlo n  (mg/Kg)

Fig. 8. Frequency histogram of maximum PCP concentrations 
in soil samples from wood pole sites.

Fig. 9. Location of maximum soil PCP concentrations at pole 
sites.

Samples from the 7.6-cm (3-in) ring showed the widest 
range of concentrations, from < 0 . 1  to more than 1 , 0 0 0  

mg/kg. Concentrations of PCP > 100 mg/kg were lim
ited to the samples from the 7.6- and 20.3-cm (3- and 8 -in) 
rings. More than hah (25) of the maximum PCP concen
trations in soil at each pole were < 1 0 0  mg/kg (Fig- 8 ). 
The majority of maximum PCP concentrations per pole 
occurred within 0.9 m (3 ft) of the ground surface, in 
top (surface) and shallow samples (Fig. 9).

Secondary chlorophenols, while reduced in concentra
tions, showed generally similar patterns in distribution 
with distance from poles compared with PCP (Fig. 10). 
The maximum concentrations of quantified tetrachloro- 
phenols and trichlorophenols appeared to mimic the 
distribution of maximum PCP.

Biodegradation of PCP, as represented by half-life 
(Fig. 11), was comparable for New York State and the 
United States; average half life of the PCP in laboratory 
studies was less than three years. The tendency for a

Fig. 10. Mean chlorophenol concentrations in soil and wood 
by distance from the pole.

longer hah-lhe indicated by results for the Adirondack 
samples from the supplemental study corresponds with 
the tendency for higher concentrations and wider distri
bution of PCP in samples from the Adirondack area.
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Fig. 11. Ranges of laboratory determined biodegradation half 
life (fi/2 ) for PCP.

Discussion
Multiple historic and current factors influence the dis
tribution of PCP in soil near in-service wood poles. A 
relatively small part of a pole is underground. Typi
cally, 1.5-1 . 8  m (5-6 ft) of a 12.2-m (40-ft) pole are 
buried; approximately 2.4 m ( 8  ft) of a 21.3-m (70-ft) 
pole. Therefore, most of the preserved pole is subject to 
weathering and associated leaching or "wash-off" due 
to precipitation. Wash-off from the aboveground part 
of the pole will encoimter soil near the ground surface, 
producing high concentrations in soil within 7.6 cm (3 
in) of the pole. PCP moves down the pole below 
ground and percolates through soil particles near the 
pole contribute to relatively high concentrations at 
depth within 7.6 cm (3 in).

Once present in the environment, the behavior of 
PCP is influenced highly by pH, which controls solubil
ity in water. The organic content of soil and grain sizes 
are other strong influences on mobility of PCP via 
adsorption phenomena. Microbial populations in soil 
drive dechlorination processes, which result in degra
dation of PCP to simpler chlorophenols and ultimately 
to mineralization. All of these processes are influenced 
by the nature and movement of groundwater in the 
vicinity of the pole. On the molecular level, a dynamic 
condition exists in the vicinity of in-service utility 
poles; most of the activity is limited to short distances 
from the poles. At 45.7 cm (18 in) from New York poles, 
the concentrations of PCP in soil are much reduced 
from those 7.6 cm (3 in) away from poles.

Due to the sensitivity of PCP solubility to pH, soil 
pH is a major factor influencing the transport and fate 
of PCP in subsurface soil. In general, the pH of soil 
sampled during the supplemental study in the Adiron
dack region tended to be lower than for soil sampled 
during the first study, as expected, given the promi
nence of pine forest in the Adirondack area. Because 
solubility of PCP in water decreases as pH decreases, 
transport of PCP can be expected to decrease as well. 
The relative frequency of higher concentrations of PCP 
during the supplemental study, compared with the 
original study, is consistent with reduced mobility of 
PCP at low pH. The high frequency of samples with

low PCP concentrations during the original study is 
consistent with greater mobility of PCP due to higher 
soil pH detected during the original study.

Approximately a third of the originally sampled 
poles (1 2 ) were located in comparatively fine-grained 
soil (silt/clay). Coarse materials, such as sand cobbles 
and till, were targeted during the supplemental study. 
The TOC levels measured during the original study 
tended to be greater than those measured during the 
supplemental study. These factors are consistent with 
the wider distribution of detectable PCP at poles sam
pled during the supplemental study. The reduced lev
els of TOC and generally wider pore space allow 
movement of PCP away from the poles.

This evidence developed during the New York pole 
studies documents the site specificity of the factors that 
influence the behavior of PCP in the vicinity of in-serv
ice utility poles. The success of preservation retention, 
climate and microbial populations are other important 
influences on the presence of PCP in soil. The dynamic 
prominence of the various influencing conditions com
bine to limit the presence of PCP in soil to short dis
tances from each pole.
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