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Conference Description

This conference was the sixth in a series of conferences hosted by the Columbia
Mountainsinstitute to address issues related to environmental management of highways
and railways. This year the conference theme was expanded to include all types of linear
corridors:railways, highways, pipelines, transmission lines, and seismic Tihes

following topics vereaddressed:

Update on regulatory requirements and standards for water
Corridors and wildlifé reducing mortality, improvingermeability
Right-of-way managemedt vegetation, etc.

Project planning and managemgrtase studies, cumulatii@pacts
Emergency response: prevention, planning, and preparedness

Presenters and posters were solicited through a call for papers, augmented by a few talks
that the organizing committee thought were central to the success of the event. The
summary of comments on the evaluation forms, found at the end of this document,
provides lots of suggestions for future topics.

About 135 people attended the conferenkarticipants were multidisciplinary, and
included staff from various government offices, resouraaaygers, public interest
groups, consulting biologists, protected argaff, and academi& senior sciencelass
from Revelstoke Secondary School attended part of the confefidree€olumbia Basin
Trust through the Community Initiatives funkindly subsidized registration fees for the
Revelstokestudents.

The summaries of presentations in this document were provided by the speak§
: Aside from small edits to create consistency in layout and style,
the text appears as submitted by the speakers.

: The information presented in this document has not been peer reviewed. :

About the Columbia Mountains Institute of Applied Ecology
www.cmiae.org

The Columbia Mountains Institute of Applied Ecology (CMI) is a-poofit society

based in Revelstoke, British Columbia. The CMI is known for hosting balanced, science
driven events that bring together managers, researchers, educators, and natural resource
practitioners from across southeastern British Columbia. CMI members include resource
managers, consultants, government staff, public interest groups, and academics, who
share an interest in improving the management of ecosystems in southeastern British
Columbia.Our website offers many resources, including conference summaries for all of
our past events.
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Conference Agenda

Wednesday, November 7, 2007

8:30 a.m.

Welcomeon behalf of the Columbia Mountains Institute of Applied Ecology by
Jackie Morris CMI Executive Director.
Welcomeon behalf of the City of Revelstoke by Councillor Nelli Richardson.

Session Chair:Tony Clevenger, Parks Canada and Western Transportation Institute

8:45 a.m.

9:05 a.m.

9:30 a.m.

9:55 a.m.

10:20 a.m.
10:40 a.m.

11:15a.m.

11:45 a.m.
12:15 p.m.

The Water Act: Provincial Water Legislation, what you need to knowKristen
Murphy, British ColumbiaMinistry of Environment

Approaches to mitigation and compensation for linear development impacts ol
fish and fish habitat in southeasterrBritish Columbi a: An update, Brian
Ferguson, Fisheries and Oceans Canada

Mitigating the impacts of animal/vehicle collisions while maintaining
permeability on two highway construction projects inBritish Columbia, Bill
Harper, Kicking Hors€anyon Project and Osiris Consulting

Road Watch in Crowsnest Pass: Welbased citizen science involvement in
wildlife data collection, Tracy Lee, Miistakis Institute for the Rockies

Coffee break

Banff's highway crossing stuctures: Past andfuture development, Terry
McGuire, Parks Canada

Measuring geneflow across the Trans Canada Highway angbopulation-level

benefits ofroad crossingstructures for grizzly and black bears in Banff
National Park, Mike Sawaya, Westerfiransportation Institute

Wildlife issues related to the reconstruction of Highway 93 on the Flathead
Indian Reservation, Dale Becker, Confederated Salish and Kootenai Tribes

Introduction of people who brought posters
Lunch, provided

Session Chair:David Spata, Canadian Pacific Railway

1:15 p.m.
1:45 p.m.

2:15 p.m.
3:00 p.m.
3:15 p.m.

3:45 p.m.

4:15 p.m.

Effective planning in the oil and gas industry Susan Paly LedrewandCatherine
Watson, En@na Corporation

Effectiveness of aboveround pipeline crossing structures for wildlife
movement,Bridget Dunne, University of Calgary

Wabamun: A large scale spill response in a prairie lakd,uanne Patterson, CN
Coffee break

Keeping a project on track: A successful approach to managing environmental
issues during new rail construction Paul Schaap, Dillon Consulting Limited

Cumulative environmental effects managemenBarry Wilson, Silvatech
Consulting Limited

Managing unexpected and unpredicted wildlife migrations: The western toad
tsunami on the Vancouver Island Inland Highway Leonard SieleckiBritish
ColumbiaMinistry of Transportation

- Reception at Revelstoke Railway Museum
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Thursday, November 8, 2007

Session Chair:Chris Dane, Dillon Consulting Limited

8:30 a.m.

9:00 a.m.
9:30 a.m.

10:00 a.m.

10:30 a.m.
10:45 p.m.

11:20 a.m.

11:50 am.

12:20 p.m.

Environmental management on the Seto Sky Highway upgrade project: Lessons learned,
Grant Bruce and Cheryl McQuillan, Hatfield Consultants Partnership

Environmental issues ofarctic winter roads, Steve Moore, EBA Engineering Consultabtd.

Influence of cuting time onbrush response: Implications forherbivory in linear
(transportation) corridors, Roy Rea, University of Northern British Columbia

Scour protection for pipeline crossings of urban creeks using flexible concrete matdlatt
Gellis, northwest hydraulic consultants

Coffee break

Canadian Pacific Railway's integrated vegetation management progranand an update on
reducinggrain spills, David Spata, Canadian Pacific Railway

Assessment of change in invasive plant distribution on FortisBC rightef-way through the
Boundary from 1999 to 2007Barb StewartStewart Consultingand Maureen Grainger
FortisBC

A process to conserve species and communities at risk along riglatf-way, Gilbert Proulx,
Alpha Wildlife Research & Management Ltd

Wrap -up comments
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Presentations on Wednesday, November 7, 2007

1. The Water Act: What you needto knoavb out Secti on
and about a Streamo

Kristen Murphy,Water Stewardship DivisioBC Ministry of Environment
Nelson, British Columbia

9, nC

The provincial government retains ownership of all waterways and water bodies. The
Water Actis the primaryprovincial statute regulating water resources. This includes all
streams, rivers, lakes, ponds, sloughs, and groundwater resources. Under Section 9 of the
Water Act approval is required for any changes to Crown land on or adjacent to a water

sourceKri sten Murphydéds presentation addr
under Section 9.

Additional information you will need for the Kootenay region (Terms and conditions,
Timing windows):
http://wlapwww.gov.bc.ca/kor/wateract/terms_conditions.html

For more information, visit the Water Stewardship Division web site:
http://www.env.gov.bc.ca/wsd/

Choose fiChanges mon and about a strea
Scroll down to AComplete application

For application forms, visit:
www.frontcounterbc.gov.bc.ca
Choose AApplication Forms Libraryo

essed t

package

Choose fiwWwater Approval a aipthabdizet listf i cati on Chan

If you have any questions regarding any of the above, please contact Frontcounter BC at

1-877-855-3222.

2. Approaches to mitigation and compensation for linear development
impacts on fish and fish habitat in southeasteBritish Columbia: An
update

Brian Ferguson, Fisheries and Oceans Canada
fergusonbr@pac.dfmpo.gc.ca

No summary provided.
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3. Mitigating the impacts ofanimal/vehiclecollisions while maintaining
permeability on two highway construction projects British
Columbia

Bill Harper, Kicking Horse Canyon Project and Osiris Consultifigtoria, British
Columbia
bill.harper@shaw.ca

Animalivehicle collisions are becoming an increasing problem on modern highways with
faster design speeds. The frequencgrofmal/vehiclecollisionsis primarily a function of
four factors:

1. traffic volume

2. traffic speed

3. patternof traffic flow, and

4. theabundance and distribution of animals.

Upgrading a highway to fouanes will increase average traffic speed and reduce vehicle

Apl atbonhhong increasing the number of | ead ve
striking animalsAnimal/vehicle colisionscan increase on the orderabtimes over

baseline when twtane highways are upgraded to féames and mitigation measures

have not been used (Woods 1988, Detldl.2005). The large reduction in vehicle

Apl at oo nilanghighvways isfggested as one of the primary causes of this

level of increase imanmal/vehicle collisions

The amount of vehicle damage and risk of human injury is a function of the vehicle
speedand the mass and height of the animals struck. Heavy, tall animalasatthand
moose are more dangerous to vehicles and their occupants compared to smaller species
such as deer and bighorn sheep. The most effective way to i@tuota/vehicle

collisionsin areas with high wildlife concentrations is to prevent animals &ooessing

the rightof-way through exclusion fencing (Clevenggral. 2001).

The 82km-long Okanagan Connector isaur lane divided freeway constructed in the
late 1980s with a system of wildlife exclusion fencing (including 22 crossing structures
and 277 onavay escape gates) that has been 97% effective in prevamnimgl/vehicle
collisions A 2005 audit of this system indicated most of the crossing structures were
functioning as intended, but problems were identified with structures that aed stitr
cattle or in areas with high levels of human disturbance.

The Kicking Horse Canyon Project is twinning 26 km of ThensCanada Highway

between Golden and Yoho National Park (Kicking Horse Canyon Project 2007). Data on
roadkill pickups throughhte Wildlife Accident Reporting System estimated
animal/vehiclecollisionrates ranging from 0.2 to 5.7 per km per year (mostly deer and
elk), and RCMP records show wild animals were more likely than any other factor to
contribute to reported accidents (Har 2007). To improve public safety and conserve
wildlife resources, mitigation measures for redu@ngnal/vehiclecollisionsare being
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planned at the east and west segments of the project arieral/vehiclecollisionsare

highest. Wildlife fencing, @ssing structures (both underpasses and overpasses), ungulate
guards, onavay escape gateand oneway earthen escape ramps (Hammer 2001) are

part of the mitigation measures being considered.
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For more information about the Kicking Horse Canyon project
view thep r 0 | web sitéats

www.kickinghorsecanyon.ca
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4. Road Watch in Crowsnest Pass: Wbhsedcitizen involvement in
wildlife data collection

Tracy Lee, Miistakis Institute for the Rockies
tracy@rockies.ca

Michael Quinn, University of Calgay¥algary, Alberta
Danah DukeMiistakis Institute for the Rockies

Abstract

fiRoad Watch in the Pasis a communitybased monitoring project designed to identify
wildlife movement patterns along a major transportation corridor in the Canadian Rocky
Mountains. Road Watch represents a unique approach to data collection inrthagese
citizen to enter their wildlife observations along Highway 3 through dmerinteractive
mapping tool. Since implementation in 2004, the project has documented many successes
and challenges. Road Watch has proven to be a successful model tpngiga

community and generating a large dataset of wildlife observations along the highway.
Spatial analysis of the results has demonstrated the value of the data in identifying high
observation zones along Highway 3. To date, Road Watch data and haseltseen

used in two conservation planning processes and by a local citizen to build support for
protecting a movement corridor. One of the challenges is keeping volunteers motivated;
participation tends to ebb and floesulting in data fragmentatiopgriods when overall
entries are loyv Additionally, the current methodology of data collection is not
systematic and participants have identified areas along Highway 3 that are under
represented. Road Watch is a community project that is managed adaptagtiress

these challenges and concerns as they arise. Project direction is set during meetings
between participants,local project coordinatpand Miistakislnstituteresearchers.

Background

The Crowsnest Pass is situated in a rarewast valey through the Canadian Rocky
Mountains in southwestern Alberta. Within this valley, there are four settlement areas,
anda two lane highway and a railway thwetthrun the full length of the corridor. The

full complement of large mammals occurs in thsseandheymust traverse across
Highway 3, a major transportation route, supporting over 6000 vehicles/day. Wildlife
mortality caused by collisions with vehicles on Highway 3 is recognized as both a human
safety concern and a wildlife conservation isSureevalleyis also a high priority for
conservation planning becausésia connectofor regionaiscale wildlife movement.
Carnivore biologists have identified Highway 3 as a potential barrier to wildlife
movement through the region. This has impliaadifor maintaining the integrity of

wildlife populations between northern Montana, southern Camadaentral Canada.

The impact may bexacerbatedue to a proposed highway expansion, from two to four
lanes, and realignment by Alberta Infrastructure Brashsportation. For the development
of effective mitigation strategies to reduce the negative effe¢tisgbfvay 3 on wildlife,
decision makers require access to timely and accurate information on wildlife temporal
and spatial patterns through the regiofiormation pertaining to wildlife movement was
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identified as an important information gap in the Crowsnest Pass. To address this data
gap, Miistakis, a noprofit research institute affiliated with the University of Calgary,
togethemwith the local commnity, developed and established Road Watch in the Pass.

Road Watch Development

Road Watch in the Pass is a citizen science project that was developed with two key
goals

1. To address the information gap on wildlife movement by producing a large
datasebn crossing and collision locations

2. To foster a learning environment in tGeowsnest Bss to encourage a
community of citizens concerned with wildlife movement issues in the region

The concept of Road Watch evolved out of a conservation planning ptbaess/olved
local and provincial governments, industry, conservation gr@unslocal citizens.

Wildlife movement and collision zones were identified as a data gap that could be
addressed by engaging local citizens, as numerous individudsasmedgable about
wildlife in the region. The notion of engaging citizens in research is a concept that has
been explored widely in other disciplines and fields of ecology. Research has
demonstrated that experiential learning associated with involvement in cotymu
monitoring projects reswdin building social capacity to address conservation issues.

Road Watch was developed by Miistakis in collaboration with a local project coordinator
and an informal advisory group. The project is uniquiaan it usesweb-based GlSor
data collection and dissemination of resulise webbased mapping tool enables citizens
to record their wildlife observations along Highway 3. The tool has proven to be an
efficient way to collect, storend disseminate information. feipants sign in with a
username to enter observatiptien they can spatially vietheir personal contribution to
Road Watch or the entire Road Watch database. The projediteeltts as the
communication hub for Road Watch participants and incladesorial on how to enter
observationsawildlife tutorial on species identificatioand a page to provide
participants with regular information about the projécedditional, regular

opportunities are provided through meetings, community actiortgwen
demonstrationdor participants to meet with Road Watch staff to discuss project
methods, directioror concerns.

Road Watchsuccesses

Road Watch is a successful model for engaging volunteers to participate in a community
based monitoring projéand to generate a large dataset of wildlife observations along
Highway 3. The project has engaged 70 users who have entered over 3000 wildlife
observations. The dataset represents most of the large mammals occurring in the region,
including observationef grizzly bearplack bear, lynxand cougar, although the

majority of observations are for deer. The raw data was analyzed to produce a series of
maps highlighting high crossing zones as well as areas with a high number of
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observations for moose, elknd bighorn sheep. Information is disseminated back to
participants through regularly produced participant updates that are emailed to
participants, displayed on the weite and often printed in the local media.

One of the best measures of success hars the use of Road Watch data in two planning
processes and by a local citizen to build support for protecting a movement corridor
across Highway 3 from development pressure. Additionally, Road Watch presented
preliminary results té\lberta Infrastructur@nd Transportatioand the consulting
companies working on the Highway 3 upgrade functional study. We received a
commitment that the data will be considered when addressing wildlife conservation
issues along Highway 3.

Road Watchchallenges

Road Watcthas faced challenges, such as engaging new volunteers and keeping existing
volunteers motivated. Although we have 65 users and 70% have entered observations
more than once, 74% of the records are from six key individuals who regularly enter their
observatns. There are periods when data entry is low, likely due to volunteers taking a
break from the project. This results in data fragmentation and decreases the ability of the
results to represent temporal and spatial pattarwildlife along Highway 3.

Additionally, current data collection methods are not systematic, as they are based on
opportunisic observations. Participants do not necessarily drive the entire length of the
study areanor do they record when they did ratiserve wildlife.

To address these issues, Road Watch is working with Kylie Paul, a graduate student from
the University of Montanavho has designed a wildlife systematic driving survey. This
dataset will be compared to the Road Watch data to assedslity to accurately reflect
spatial and temporal movement patterns. Additionathypnmunication habeen initiated

with Road Watch participants to increase the scientific rigor of the dataset by establishing
a two-pronged approach to data collectione YWan to maintain the existing data

collection protocols but also assign key participants to segments of Highway 3 where
they would be responsible for driving systematic surveys. The development and design of
a new data collection approach will be exptbdeiring the next community meeting.

Conclusion

In summary, Road Watch in the Pass is a successful model for engaging citizens in a
communitybased monitoring project. Road Watch has generated a large détaset o
wildlife observations in thegss that hasnabled us to explore high collision/crossing
zones for many of the large mammal species in the region. Preliminary results have
demonstrated the value of the data in identifying wildlife crossing zones within the Pass.
Additionally, Road Watch data hasdn used as one of the data sources in two
conservation planning processes and by a local citizen interested in protecting a
movement corridor within the study area.
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Although the project has proven successful on many fronts, the second goal of f@stering
learning environment has not been explored. In the near future we plan to survey
participants to get a better understanding of their personal experience from participating
in the Road Watch project. In other words, does Road Watch fostenentpa

envionment where dialogue exchange is encouraged? Does involvement in a
communitybased monitoring project engage citizens to address wildlife conservation
issues in th@ass? Answers to these questions will help guide Road Watch dirdantion
addition, diredbn is setregularlythroughcommunicatiorbetween Miistakisesearchers

and participants. Overall the Road Watch project demonstrates the value of engaging
citizens in research relatedrmadecology, but it also highlights the importance of
collaboration and adaptive management to address the chadlehgerking with

volunteers.

5. Banff's highway crossing structures?ast and future deelopment

Terry McGuire, Parks Canada, Banff, Alberta
terry.mcquire@pc.gc.ca

Terry McGuirebés duties include responsibilit
recapitalization within the Canadian Rocky Mountain Parks of Canada. Terry has been

the Project Director fathe Trans Canada Highway Twinning vkowithin Banff National

Park for the past 15 years. His presentation provided a brief synopsis about previous

phases of TCH Twinning in Banff and its associated wildlife mitigations. Following the
presentation by Mike Sawaya on the success of these tinitigahe reviewed mitigation

measures being implemented in the current phase of twinning the Trans Canada

Highway.
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6. Measuringgeneflow across the Tranganada Highway and
population-levelbenefits ofroadcrossingstructures forgrizzly and
black bears in Banff National Park

Michael A. SawayaWestern Transportation Institute, Montana State University
mike.sawaya@pc.gc.ca

Anthony Clevenger, Western Transportation InstjtMentana State Universignd
Parks Canada, Banff

Steven T. KalinowskiWestern Transportation Institute, Montana State University

The purpose of the Traianada Highway Bear DNA Project is to evaluate the
demographic and genetic benefits of wildlife crossing structures falyeand black
bear populations in Banff National Park, Alberta.

The section of the Trar@anada Highway (TCH) that bisects Banff National Park,

Alberta supports the highest volume of traffic of any road in the North American national
park system and i®cognized as an important stressor to the ecological integrity of the
central Canadian Rockies. Widanging carnivores, such as grizzZlyr¢us arctoy and

black bearsly. americanuy are particularly vulnerable to road mortality and habitat
fragmentatiorcaused by roads. In order to mitigate these negative impacts on wildlife,
crossing structures have been constructed across theM@kl than adecade of

intensive study has showrattthe wildlife crossingseduce mortality and maintain

wildlife movenents. Track pads have recorded both bear species crossing the TCH on
1389 occasions, but the number of different individuals using the crossings, their, gender
and the demographic and genetic benefits of the crossings for populations remain
unknown.

In 2004 and 2005, a pilot study was conducted at two of the crossing structures to
evaluate the feasibility of using a barbed wire hair sampling system to determine the
number of individual male and female grizzly and black bears passing through the
crossingsBased on the results of that pilot study, a thyear research project was
initiated in 2006 to evaluate the conservation benefits of wildlife crossing structures for
grizzly and black bear populations in the Bow Valley of Banff National Park. The hair
sampling system was installed at 22 of 24 of the crossing structures to determine the total
number of male and female bears using the crossangsthe populations of grizzly and
black bears in the Bow Valley surrounding the TCH were also sampled using a
combination of hair snares and rub tree surveys. The genetic information derived from
those hair samples will be used to:

assesghe effectiveness of different types of crossing structures
estimatethe population sizes for both bear species in the Boleya
calculatethe proportion of the population using the crossiagsl
guantify the level of movement and gene flow across the TCH.
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This presentatiohighlights our research objectives and presents some of the preliminary
results from the 2006 field seas@ievengrizzly bears ¢ males, 5 females) and 11 black
bears (7 males, 4 females) were identified from the samples collected at the crossing
structuresand 4 black bears (16 males, 24 females) and gixtge grizzlies (37 males,

26 females) were identified from the samples collected from the hair snares and rub trees
(overlap exists between hair collection method$ese data will be analyzed using a
combimation of population viability analysis and landscape genetics approaches to assess
the demographic and genetic benefits of wildlife crossings for bear populations in the
Bow Valley. Wildlife crossings are gaining recognition as an effective method for

redwing roadcaused mortality and maintaining wildlife movement, but the conservation
benefits of crossigs for bears at the populatitavel has yet to be evaluated.

7. Wildlife issues related to the reconstruction of Highway 93 on the
Flathead Indian Resevation

Dale Becker, Confederated Salish and Kootenai Tribablo, Montana
daleb@cskt.org

Abstract

Planning for the reconstruction of US Highway 93 through the Flathead Indian
Reservationncludedsubstantial consideratiaf wildlife and wildlife habitat issues

After years of negotiation, the Confederated Salish and Kootenai Tribes, the Montana
Department of Transportatipand the Federal Highways Administration reached
agreement on most aspeofghe project in 2000. Still to be finalized are reconstruction
plans for a 19 km portion of the highway that passes through the Nir€joliiag Horse
wetland complex. The Memorandum of Agreement between the three governments
includes provision for theonstruction of 42 wildlife crossing structures and other design
features to enhance wildlife habitat features and maintain habitat linkages. In addition,
wetland habitat mitigation wiflocus on avoidingvetland habitgtto the extent possihle

and acquision, restorationand ongoing management of wetland habitat. The logic
included in planning for these design features and the details of the reconstruction plans,
as they apply to wildlife and habitat concemaspresentedasweredetails of the

desgns for wildlife crossings and other mitigation plans. In an effort to assess the
effectiveness of the wildlife crossing designs,-poastruction monitoring of wildlife use

at several crossing sites was monitored.#€osstruction monitoring at thoseestwill

allow for comparisons between paad postconstruction use by wildlife.

Introduction

The ancestors of the current members of the Confederated Salish and Kootenai Tribes
have lived in what is today the northern intermountain refgiothousandef years.The
day-to-day existence of these people was tied to the natural resources of this area (Fahey
1974). The abundant wildlife resources provided for subsistandenany ofthe cultural

and spiritual needs of the people. As a result, their livare mtertwined with those of

Managing Environmental Impacts of Linear Corridors and Infrastructure 16
November 78, 2007 in Revelstok8ritish Columbia


mailto:daleb@cskt.org

the animals native to the area, and their activities, movements, lifestytew/eltbeing
dependedipon the animals. Thuwildlife resources play dual roles, being considered as
both natural and cultural resources by thi&ds. Even though the Tribes make the

Flathead Indian Reservation their homeland today, they also continue to care deeply
about their aboriginal territory and the animal inhabitants there. Tribal members also rely
heavily upon the wildlife resources, baih and off of the Flathead Indian Reservation.

The proposal for the reconstruction of a 97 km portion of US Higta8agcated on the
Flathead Indian Reservation resulted in the consideration of a wide variety of issues and
concerns related to wildlifand wildlife habitat on the Reservation (Becker 193#leral
Highway Administration and the Montana Department of Transportation 1995).

Various alignmentproposed for thaighway rightof-way passed through a diverse

array of habita andraisednumeros concerns about the potential adverse impacts
related to direct mortality of wildlife, habitat loss and degradation, habitat fragmentation
and cultural erosionTheT r i tukusaldperspective had a direct link to the wildlife
issuesbecause athe stromg role that wildlife has always played in tribal culture.

The Flathead Indian Reservation

The Flathead Indian Reservation was created as a permanent homeland for the Salish,
Kootenaj and Pend dundertreierms ef the Teeatp of #Hedlgate of

1855. Under that treaty, the Tribes relinquished ownership to most of Montana lying west
of the Continental Divide, as well as portions of eastern Idaho and Washimgteturn

for exclusive use of the lands encompassedinvitie reservatioboundariesLater,

allotment of Indian lands, government withdrawals, and finally opening of the
Reservation to settlement resulted in substantial permanent changes to the envibbnment
theReservation. Those changes continue today, and they relatidydivdbe project
discussed here.

The Flathead Indian Reservation encompasses approximate®y 50t within its
exterior boundaries. The land baseludesa wide variety of habitats ranging from semi
arid shrubgrasslands to diverse wetlands and igrahabitats to subalpine habitats. It
consists of four distinct valley complexéatare bounded by mountains. The primary
subject of this discussion is the eastern side of the Reservation, wherestihg exid
proposed alignments of US Highway 93 lreated.Dominant feature arethe Mission
Mountain Rangewhich forms the eastern boundary of the Reservatitmsummits up
to 2094 m above sea levend the Rattlesnake Range to the south.

The dominant land use of valleys to the west of these ramsnisagriculture
predominantly irrigated and dryland farming and livestock production. A significant
geological feature is the extensive wetland complex centred at Ninepipe and Kicking
Horse Reservoirs. Several small rivers and streams drain inttathe&d River, which
bisects the Reservation.

The Reservation provides a diverse array of habitats for a large number of wildlife
species. This fauna includes 309 species of birds, 66 species of mammals, 9 species of
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amphibiansand 9 species of reptile€KST Tribal Wildlife Management Program,
Unpubisheddata).

Direct wildlife mortality issues

Wildlife usethe entire US Highway 9&orridor on the Reservation, as indicated by
observations and by the number of rdalted deer bear, turtles, small mammals, Ron

game and game birgand other species that one observes within the-afyinay each

day. There are, however, a number of areas that receive higher levels of wildlife use than
others and exhibit a corresponding increaseshiclerelated wildlife mortality. To

analyze the severity of mortality, lbgoks of Tribal Conservation Officers and Montana
Department of Transportation maintenance personnel were reviewed. In addition,
incidental observations of Tribal Wildlife Magement Program staff members were
included. The input of Tribal Elders and other local people was also sought.

These effortded tothe preparation of map of the entire highway route, which showed
areas that exhibited high and repeated wildlife nibytaroblens. An analysis of habitat
features, such as vegetative cover and hiding cowdicated where animals might be
expected to attempt to cross the highwayr.example, at one section of the highway (the
Evaro area)this information, together wh winter tracking datayas used to identify
locationsmost likely to be used as wildlife crossan addition, remotesensing

cameras placed near wildlife trails provided added insight about the numbers and species
of animals using the trails. The camag worked well for larger species such as deer and
bears, but were less useful for smaller species (Betkdr1993). Collectively, the

information provided by these methodologies assisted in indicating where animal use was
occurring and the degree thiat use.

Big game mortality was somewhat random, but tended to be linked to the habitat features
adjacent to the righof-way. Most deer and bear mortality was linked to adjacent riparian
areas or other forested cover types, as one might expect. A éaweee killed in open
agricultural habitats, but again, this mortality generally occurred near adjacent cover.

The Flathead Indian Reservation hosts four terrestrial species listed as Endangered or
Threatened by the US Fish and Wildlife Servibe grizly bear Ursus arctos

horribilis); the northern gray wolfGanis lupu¥, the bald eagleHaliaeetus

leucocephalus and the Canada lynxynx canadens)sAt the time of the onset of the
environmental analysis for this project, the peregrine falEaic¢ peregrinuswas also
listed. Additionally, during the period since the analysis began, the bull 8alviefinus
confluentuy has been listed.

Although Highway 93 passes through habitats used by each of these species, the only
mortalities of a listd species known wetkreesubadult female grizzly bears, killed by
vehicles in the Ninepipe Reservoir area in 1999, 280d 2003. Other mortalities of

listed species may have occurred, but no verified records of these exist.
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The NinepipeKicking Horsee Wetland Complex exhibited a high level of wildlife
mortality, with nearly every species represented as akitlaat least once. Of particular
significance was the high mortality rate for western painted tu@les/éemys picla
each summerKConservatre estimates of the mortality of this species were estimated at a
minimum of 300 per year, based upon direct counts ofkdidl animals Also
significant was the number oértainavian species, particularly passerines, waterfowl,
shorebirdsand raptas, which inhabit the natural and borrow pit wetland habitats
adjacent to the highwageveral species of small to mediusized mammals were also
regularly killed by traffic on the highwayear this wetland compleXhe segment of the
planned reconstructigoroject in this area is still undergoing stuéyesently, the
Supplemental Environmental Impact Statemsbeingfinalized and this will clear the
way for planning for construction in this area.

Wildlife habitatissues

Wildlife habitat issues wergrouped into two categori@shabitat loss or degradatipon
and habitat fragmentatiohlabitat loss was anticipated withiand immediately adjacent
to, the rightof-way in placeswhere construction activities are plannieldbitat
degradation is more sub#ad is harder to documeiithe fact that the highway will
largely follow the existing righbf-way will limit habitat loss to some degree, although
wider rightsof-way will result in some additional loss of adjacent habiiétish regard

to wetland habitat, t h eWelland Coresen@tion Plan (Confederated Salish and
Kootenai Tribes 2000) requires that impacts be avoided whenever po$sidee
impacts are unavoidable, mitigation will be undertaken to replace or restore a given
amount of wetland hatait.

Habitat fragmentation has already occuoed c aus e of pteseet hi ghwayos
configuration and alignmenthe amount of traffic on the highway and the lack of any
substantial existing wildlife crossing structures resulth@bisection ofadjacent

habitats.This fragmentation is indicated by the fact that wildéifebeing killed on the

highway agheyattempt to cross the riglof-way.

Mitigation for wildlife mortality

As discussed above, the sites of documented wildlife mortality, espeuialtiple
recurring mortalies indicate the location of many wildlife passage problems. To
alleviate these problems to the greatest extent possible, a number of different design
features are being included in the reconstruction plans for Highwagodiactively,

these design features will beadto both decrease the amount of wildlife mortality
caused by traffic on the highwasnd tomitigate for the habitat loss, degradatiand
fragmentation that currently exists.

Crossingstructures

The plans fothe reconstruction of the highway include construction of 42 metal pipe
culverts or concrete box culvedssigned to facilitatevildlife crossing the highway.
Twenty-three of these structures will be culverts approximatelyr8x76.5m in size.
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Tenculverts approximately 1.8 x 2m are also anticipated for inclusiddeven bridges,
ranging from 12n to 110m in length and a minimum 317 of height clearance to
facilitate wildlife passage and-keegetationwill be constructed across the larger raver
and streams that bisect the highwiainally, one overcrossing structure with a width of
46 m to 61m will also be constructedhese plans were developed under the
Memorandum of Agreement between the Tribes, the State of Moatahéhefederal
goverment (Montana Department of Transportatml. 2000).Each of these structures
will be designed and placed to ensure the maximum amount of wildlife passage across
the highway righof-way by a variety of the local specidéany of the concepts for these
structures and those discussed below were originally developed elsewhere, but the
specific locations antibcal concerns, in addition to more recent ideas and data from
similar structureswill likely dictate some changes in design features.

Drift fencing

The plans for mitigation of wildlife mortality also includes construction oin2 lsigh

wire fencing with wing fencing at terminal locations to accompany the crossing structures
described abovd&.he fencing will be placed to encourage wildlife movemewtird the
crossing structures. In arealereburrowing or digging animals are a concern, extension
on the lower sides of the fencing will be added and buried to discourage digging animals
from breaching the fencing.

Signing

Informative signing willtake two formssigns to warn motorists of potential wildlife
hazards and sigrio inform motorists of wildlife crossing8Varning signs will alert
motoristsaboutpotential wildlife hazards in the highway rigbt-way. Informative

signing will assist motasts in learning about the presence of wildlife crossing structures,
as well as the rationale for their construction.

Wildlife escapestructures

Regardless of the presence of wildlife crossing structures, it is inevitable that wildlife will
occasionallybreach the fencing and enter the rightvay. To deal with such situations,
wildlife fencing will be constructetb assist wildlife in moving away from the highway
toward jumpout structures terminating in 206 vertical walls that will allow them to exit
through the fencing and leave the rigiftway. These types of structures have been
installed elsewhere and halveen used successfully big game animals.

Monitoring and research

Because of the number and types of wildlife crossing structures atettijos this

project and the need to evaluate the utility and degree of use of the various, @signs
extensive monitoringrogramis being developed&everal opportunities for research to
assess the use of the structures by wildlife and their impactwifzbifie use will be
possible These efforts will be cordinated by representatives of the three governments,
academic institutiongnd other entities to achieve the greatest degree of knowledge
possible.
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Mitigation for habitatloss ordegradation

The primary habitat mitigationlentified inthe proposals for the reconstruction of

Highway 93 has been associated with anticipated loses of wetland habitat due to

construction activitesT he Conf eder ated Salish and Koot en:
ConservatiorPlan (Confederated Salish and Kootenai Tribes 2000) outlines an approach

that preserves and mitigates for adverse impacts to wetland and riparian HEfbigats.

plan established a goal of halting the loss of the remaining wetland and riparian habitats

andthe decline in wetland and riparian quality on the Reservaliomlongterm goal of

the plan is to increase the acreage of wetlands and riparianardasprove the quality

of the resourcdt outlines a strategy for conservation and mitigation ekask impacts

upon wetland and riparian habitats, as well as procedures to address these issues.

The three governments developed a unique wetland reserve project to appropriately
mitigate for the anticipated wetland impadi#sider the directives of thiggect, the

Tribes acquired a tract of drained and degraded wetland habsg#tredhe habitatand

then sold the wetland mitigation credits to the Montana Department of Transportation to
assist the agency in meeting its wetland mitigation obligatiodenthe Federal Clean
Water Act andJS Army Corps of Engineers regulatiofts wetland mitigation.

Habitat fragmentation is a constant concern on the Flathead Indian Reservation, and
fragmentation duéo land uses, highway and road constructeomd subdivision activities

are major issues (Confederated Salish and Kootenai Tribes 1994, T99@). Tr i be s 0
concerns have amdict bearing on the Highway 98aonstruction projecAs a result, the

Tribes sea variety of policies and planning tools ‘©nbal landsto manage human

growth pressures, habitat degradation isguigeway construction impactand

subdivision pressureBecause much of the Reservation consists ofTrrdral lands, the

Tribes also work closely with other appropriate governaleagenies at the local,

county, stateand federal levels in an attempt to decrease the adverse impacts of some of
these activities upon Tribal resources.

Conclusions

The planning effort for the reconstruction$ Highway 93 through the Flathead Iadi
Reservation has been a long and arduous task that continues toward resogigad.of
merely paving a sterile rigittf-way over the shortest route between twamand

allowing the impact$o occur it now seems both possible and practioachieve

positive outcomes for wildlife and habitat when designing a highWag insistence of

the Tribes that th&lS Highway 93 Reconstruction Project highway be designed as a safe,
environmentallyfriendly roadwill ensure the continuance of wildlife atite habitats

they require.
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8. Effective planning in the oil and gas industry

Susan Patey LedrenCana Corporation
susan.pateyledrew@encana.com
Catherine Watson, Encana Corporation
catherine.watson@encana.com

Legislative requirements all have some level of influence oangilgas activities. This
paper outlines what EnCana Corporation (EnCdoa}¥ tameet te various regulatory
requirements for oil and gastivitiesin southern Albertaln addition, some of the
challenges that face the oil and gas industry while tryongeet these various regulatory
requirements will be discussdtems in this document are based on current EnCana
practices and policesVhile this paper identifies issues associated with regulatory
requirements and development of sweet shallow gas iigatesl in geological
formations ranging from 350 to 1000 m deapd composed of 97% methane with the
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remainder being nitrogen and water), many of the concerns idemtified document
are shared throughout the oil and gas indusimg may be applicédto other different
types of development.

One of the overall goals of the current guidelines and regulations of the Alberta
provincial government is to minimize the industrial footprint on the prairie landscape.
Minimizing disturbance involves reducitige impact of an activity by making its

Af oot print o oThisishaceomplisheddy avoidangd deresitive areas
completely and by timing the activity for periods when prairie soils, vegetatimh
wildlife are less at riskA number oftechnologies have evolved that help to reduce
industrial footprintsTwo examplesre ro-stripping of lease areas for shallow gas wells
and minimizing the width of a pipeline rigbf-way through the use of specialized
equipmentMinimum disturbance pracies were originally implemented by oil and gas
companies to reduce known and potential impacts of development activities conducted in
native prairie and parkland landscapHse last decade has seen a gradual progression
integrate the principles of mimial disturbance into the whole lifecycleayproject.The
concept of minimal disturbance is also being applied by other industries in a wider
variety of landscapes.

It is important to understand that not all companies are created Egadhalof us (theil

and gas industry, various regulators, stakeholde other industries) has their own best
practices, their own ways of doing things, and their own expectations when it comes to
minimizing an environmental footprint.

EnCana operates throughout Aftae(and other provinces) on provincial and federal
lands where botfederal angbrovincial regulations apply to some of their mineral
holdings.These regulations can relate to wildlife (migratory birds and species at risk),
water (ug, crossingand encrachment), applicatioprocessesand general
environmental expectations. In order to reconcile all of these expectations in a duly
diligent manner, effective planning must be used.

Site ®lection andeffective planning

The following information providea brief background on how the oil and gas industry
chooses a location for developmdviany factors dictate where, wheand the type of
developmenthatwill or will not occur.The type of well €.9.,deep gas vs. shallow gas
vs. oil), the method of wetionstruction (including the ability to directionally drill or
not), and associated infrastructure will be determined depending upon what type of
geological formation the company is targeting.

Described below are the four main parameters developmelogges and project
engineers use to locate well sites and their associated infrastructure (note that these are
usually preliminary locations, since there has to be a starting location/point):

1. Distance from other wells
2. Placement of future wells in thecti®n of land
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3. Surface land limitationsuch agopography, water bodies, species at risk
sebacks,andlandowner requests

4. Alberta Energy and Utilities Board spacing or holding regulatiergs,{nfill
drilling and the number of wells per section)

Oncepreliminary locations are chosen by the development team, a map of the
preliminary well locations, pipelines, access routes, and any associated infrastructure is
createdA key factor during the planning stage is to consider all phdsepmject.

Thingsto consider are:

Can existing roads besed

Can areas of existing disturbance ked?

Can rightof-way be shared graralleled?

How close is the construction to areas of water or areas that may become flooded

in wet years?

e How will the site beoriented? How will water flow across the site? Will drainage
be maintained?

e Are there potentify sensitive areas including wildlife issues, habitat issaed,
historical resources? Can they be avojderbuted or relocated at the planning
stag®

e Wil timing be an issue? How will the construction schedule be influenced by
restrictions due to landowner activities, the presence of wildiifd various
regulatory requirements?

¢ Can timeandmoneybe savedand regulatory requiremeriigtter metpy
plannirg thewell site, pipelineand access road construction together?

e Is there an area with existing disturbance that can be used instead of clearing a
new area (e.g., cultivatddnd versusative prairie or fores}?

e What are the options for constructéois multipad, boringor directional drill

feasible?

Issues such asdhleare best dealt with early in the planning phase as decisions made at
the onset of the planning process have {targ) implicationsEffective planning can

help determine regulatory reigements and allow time for any permits or approvals to be
obtained A company may applg proactive approach and take the opportunity to hold
planning meetings prior to construction to discuss potential mitigation alternatives to
minimizeor reduce disturance.This may involve projecinddevelopment engineers

(for facilities, pipelinesand well sites)operations personnel (to discuss implications for
operational issues), geologists, environmental specialists, and construction personnel.

Mitigation and minimal disturbancemethods

To reduce overall disturbane@d minimize cumulative effectsompanies may decide to

place several wells on multipadsingexisting leases and existing access rolgs

minimizing the amount of additional or new surfatgturbanceoverall habitat loss is

decreased and potential impacts to critical habitat and sensitive areas can be Hvsided.
interesting to note that there are some | and
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existing leases (multipads) because tledisrare not considered new sites ahds

landowners do not receive additional revenue. However, multipads may not always be an
option as directional drilling may cause interference in other geological zones and may be
limited by proximity to existing grtical wells.There may also be other technological
limitations of this drilling practice depending upon the targeted geological formation.

At the preconstruction and planning phase, minimal disturbance mitigation may also
include discussions with thgroject team around the following:

Useof no-strip for lease areas for shallow gas wells
Useof multipads and other directional drilling opportunities (including directional
boring of water crossings or coulees)

e Useof existing access (accounting for how often the well is acceasddhat
type of ongoing maintenance and operation that facility might need in order to
design the appropriate access)

e Constructiorof deep gas wells that minimize the amount of soil strigppWote,
however that there are safety issues relating to oil well leasebrig setup and
physical structure for safety and regulatory requirements must be met.

e Useof rig matting to protect land while drilling or for access.

It has been demonstrdtenany times over that this process substantially reduces costs,
particularly when it comes to eliminating redundarey(multiple surveys for the same
areaor constructing two different access routes instead of one) and allows for a more
efficient andcollaborative process.

Once the locations are chosen, a Surface Landman will visit the landdwpmally in

these meetings, a project overview is discussed with the landolimeis the best

opportunity for the landowner to share information andoasstionsThe landowner

often knows what the issues are on their land, especially when it comes to environmental,
wildlife and livestock concerns, operating procedures and practices, or future planning on
their land.

Field (site) assessment

Onceplanning is complete, a site visit is conducted where requifisds are done by a
team that may consist of someone from construction, wildlife experntgher specialists
(e.g.,botanistsor archeologistsdepending upon what has been identified & th
preliminary databasandliterature searcheand presiting assessmentd)he team works
with survey crews to locate wells, access routes, and pipelines.

Keeping minimal disturbance and reducthgproject footprint in mind while balancing
regulatoy requirementsthe appropriate equipment and installatimethodsare tailored

to different soil and vegetation types, land,@s®l other considerations. There may be
multiple surveys undertaken depending, for example, upon the time of year, the type of
project, the species of concern, the sensitivity of the landowner (access to private lands
may not be grantedand timing of construction activities.
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Possible ntigation

One method of mitigation that is particularly effective for wildlife apdciesatrisk is to
construct the project during the appropriate times where there is mimpad® for
examplejn the winter when activities can occur outside of critical wildlife activity
periods (e.g.migrationor breeding) or when plants are dormant aiedén to minimize
damage to root systenisgain, the key is an efficient upfront planning process to
determine the ideal time for construction.

As discussed above, there are new (and evolving) technologies being developed to help
minimize overall disturbace.EnCana has used coil tubing rig technology for drilling
shallow gas well site§.hese rigs have hydraulic lifts that can level safely while meeting
theAlberta Energy and Utilities Boashfety standards and minimizing the amount of

area that would have to be Iéheel or cleared to safely set the r@pil tubing rigs

typically have quicker drilling times, are lighter in weigdid require no stripping or
levelling. The rig can be set ugafely resulting in a minimal amount of disturbar@e.
minimal disturbance drilling sites, timing is the k&gpils must be firm (dry or frozen).
Access may need to be watered in dry conditions to control dust and conserve root
systemsDirilling operatins are suspended duringfavourableconditions.

After the wel has been completed, facility apgeline construction commences.the
same time, pipeline construction ties individual wells into a group sy&tnshallow

gas, facilities constructioimstalls a gas compressor central to a specific gathering
system.

Challenges for the oil and gas industry

Landownerconcerns

Landowners often express concerns ifythee asked by companies abgueaes atisk

or about wildlife surveys being condudten their propertyOften, landowners do not

want us to report sightings gbecies atisk to the relevant regulatorhe feeling is that

if these locations are reported, there may be implications to the landowners in terms of
restrictions being imposed on what they can do on their lands. However, if regulators

know about apecies atisk, this information can #agally help the regulators and the
specieghat is arisk. For examplethisinformation can be used by subsequent
companies that develop on that particul ar
mitigation is developed for thgpecies atisk already identied on that parcel of land.

Somelandowners prefer oil and gas development to occur in areas that cannot be farmed
and that would be considered environmentally sensiéig,adjacento or in wetlands,
treed areas, adjacent to coulees or slogadnative pasture).

Data quality
Quiality of information can be an issue, particularly when it comes to data sharing and
data reporting between different government agenGitten companies are reluctant to
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share data between companM#hile regulatory boais do provide information to
companies, it is often difficult to get a response in a timely manner dependinthepon
work load of the regulator (due to a shortage of resources) and the time of yeata#.g.
are most busy during the summer field seadonustry contributes a large amount of
data to the data posuch as information orare plants, wildlifearchaeologicahnd
paleontologicalesourcesThis information is a very important source of data to share
among regulatory bodies and industry.

Access to current, loiigerm, and accurate data is necessérigs important to note that
the decisions that are made about development locationsigras good as the data that
is provided.Information regarding population trends, habitat gsécal habitat, and site
fidelity, for example, are needed to make informed decisions when it comes to
cumulative effects and appropriate mitigation.

Regulatorychallenges

In terms of current legislation and regulatory requirements, clear directidteadity

must be provided to ensure regulatory compliance both provincially and federally while
still providing workable solutions for stakeholdeBalutions must be workable and

flexible to meet various stakeholder needs taratidress problems of ahistering

regulations in a context of widespread existing, current, and ongoing social and economic
considerations. Without clear direction from government it is difficult to determine the
appropriate migative measures to prevent aordimit environmatal impacs.

The oil and gas industry strives to be compliant with regulatory requirements.
Overlapping regulatory requirements between the different regulations such as the
Migratory Birds Convention Acir otherprovincial orfederalspecies atisk acts and

legislation requires harmonization to ensure consistency between the regulations and the
enforcement of these regulatioifieregulatory process must be flexible enough to

reflect regional and sectoral differencasd provide for a fair regulatpenvironment.

The current regulatory environment does not provide adequate regulatory certainty as the
defenceof due diligence is not sufficient, especially without guidelines on acceptable or
prohibited activities.

Moving forward

Regulators havihe opportunity to drive incidental effects discussions and the
development of codes of practice, conservation plaesmanagemenpractices (BMPSs)

or Operational Statementll stakeholders need to be encouraged to participate in the
process of developintpese BMPsTransparent and effective consultations are key to the
overall acceptance and willingness to use and apply these documents. The oil and gas
sector has already devpled and supports the use of B#/for example, the

development of BMPs for detties in caribou ranges).

Conservation and protection are emerging themes across several aspects of federal and
provincial environmental jurisdictiongdditional forethought is expected prior to
development through integrated lanse planningReguldors expect cooperation
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between different stakeholders to reduce their overall footprint on the landédaifee.
many oil and gas companies try to do this, there are unwilling stakeholders who do not
want to take part in the processd they are noequred to do soThe challenge of the

oil and gas industry is to try and engage all interested parties to share information and
work together cooperativelit the same time, there must be a level playing field for all
stakeholdersWe believe that many stakelders do have the common goal of

minimizing environmental impact and the regulatory environment needs to improve to
make it happen.

9. Effectiveness of abovground pipeline crossing structures for wildlife
movement

Bridget DunneFaculty of Environmetal Design, University of Calgayfalgary AB
bmdunne@ucalgary.ca

Michael QuinnFacultyof Environmental Design, University of Calgaalgary,AB
Roger Creasey, Shell Canada Energy Limited, Ca)deBy

DanahDuke Miistakis Institute for the Rockies

Projectrationale

This two-year project was completed in coordination with Shell Canada in Peace River
Alberta As most people are aware, the pace of oil and gas development in Alberta is
rapidly increasing. Thmaj or ity of the provincebs oil
80%) cannot be extracted through conventional open pit mining as the reservesfare too
below the surface. The most common method of extraction from these resematuis
development, which requires abegmund pipelines to transport the bitumen from the
extraction site to a processing facility. These pipelines pose a significant barrier to
wildlife, particularly at such a large scale.

Above-ground pipelines create aysical barrier to wildlife movement, especially to

moose given their large physical size. Habitat fragmentation is another concern as the
landscape is fragmented into smaller and smaller units, similar to the effects of other
linear disturbances. There aw@ means of mitigating such impacts; the first is with
elevated sections of pipeline to facilitate wildlife movement underneath the pipeline. The
second is to build wildlife crossing structures to facilitate movement over the pipeline.
Research on the befits of elevated sections of pipeline has been completed, primarily
along the Trans Alaska Pipeline. However, this is the first study to specifically research
the efficacy of wildlife crossing structures over pipelines.

Researchguestions

Three reseah questions weraddresseth this study. The first was to understand how
wildlife interacts with abowvground pipelines. A range of pipeline heights were
monitored to identify the pipeline clearances required for carrsyder and moose to
cross. Ths providel an understanding of wildlife interactions and barrier effects due to
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aboveground pipelines in order to address the second question of how wildlife interacts
with pipeline crossing structures. Finallye analyzedhow effective pipeline crossing
structures are in facilitating wildlife movement

Studyarea

This research was completed at Shell Canadaé
the town of Peace River in northern Alberta. Two study sites were thgecrossing

structure area withvfe crossing structureand a control area without any crossing

structures.

Three types of pipeline crossing structures have been used ta dateert style,
wooden/earthen styland an earthen style. The first two have only been monitored
during environmental impact assessmeanhd no longerm studies have been completed
to determine their efficacy. My study used earthen structures as shown in Figure 1,
costing approximately $3000 each. Steel was placed around the pipe for stability with
gravel and topsoil placed to form a mound over the pipeline. The structures were then
seeded in the spring. This is the first study to monitor any type of pipeline crossing
structure over thliongterm.

Figure 1: Construction okarthenpipeline crossingstructures

Managing Environmental Impacts of Linear Corridors and Infrastructure 29
November 78, 2007 in Revelstok®ritish Columbia



How do wildlife interact with abow@round pipelines?

During winter snow tracking, 330 tracks were recorded in the structure area and 290 in
thecontrol area. The winter of 2008007had much higher snowfall levels than normal

with 274.8 cm of snowfall unlike the 83.8 cm that fell the previous year. Tracks were
recorded as crossing the pipeline, deflecting away from the pipetingoving parallel

to the pipeline (as shown in Figure 2). Coyote, lynx, deer,,aotf moose were

recorded. Moose were of primary concern as the pipeline poses a greater barrier to them
given their physical size and life history characteristics.

Figure 2: Crossinggdeflecting andparalleling thepipeline

Snow depth, pipeline height, distance to moose habitat, distance toamakelistance to
roads were used to analyze moose movements thraegtsf ANOVA and logistic
regressions. Moose deflection sites weretledat significantly higher snow depths and
farther from water. Moose crossing sites were located at significantly higher pipeline
clearances. Pipeline height was the best predictor of moose crossing locations in the
structure area (83%8) and control (85%) areas.

Moose activity and crossings were much more common in the control area, which was
built in 2000. Only one deflection occurred along the control area Whibecurred at

the structure area, built in 2006. Thirty3 moose movements were obged next to
elevated sections of pipeline with a 200 cm clearance. This suggests that moose are
becoming habituated to locations of elevated pipeline along the older control area.

The carnivorous species (coyote, lyard wolf), crossed pipeline locations with an
average clearance of 90 cm, ranging from 47 to 200 cm. Carnivores showed a preference
to cross the pipeline at pipeline clearances less than 90 cm.
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Deer crossing locations had a clearance ranging from 80 to 200 cm with an average of
156 cm. Deer crossed the pipeline in proportion to its availability with a slight preference
for locations above 100 cm.

Moose crossed the pipeline with heights randiogh 115 to 200 cm with an average of
190cm. The locations where moose crossed the pipeline with a clearance less than
140cm were calves or cows with calves. Adult moose crossed the pipelifé 8#tBe
time with a clearance of at least 140 cm. Of ¢h@®ssings, the majority (434
occurred with a pipeline clearance between 185 and 256 cm.

How do wildlife interact with crossing structures?

Two cameras were placed on each side of the crossing structure to monitor wildlife
movement, as shown in Figu3. Crossings were defined as an animal actively
approaching and walking onto the structure, then proceeding across the structure.
Deflections were defined as an animal making an active attempt to cross by walking onto
the structure then turning away.r®ig&el movement was defined as an animal making no
attempt to approach the structure amteadwalking along the pipeline righof-way.
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Figure 3: Crossingdeflecting andparalleling thecrossingstructure

Dueto bear attacks and heavy sralvthe camera data was not continuous and was
standardized by working days prior to analysis. Structure use was analyzed using chi
square tests for movement type, species, season, weekekdayand daynight
comparisonsSnow depth, pipeline height, distance to moose habitat, distance t¢ water
and distance to roads were used to interpret crossing structure use.
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All five of the crossing structures were used much less during the winter months,
predominantly due to higlmew depths. The crossing structures were used by all species,
mostly by deer, moose, coyote, bear, lyaaxdthen wolf. The pipeline height adjacent to

the crossing structure greatly influenced success rate, with lower pipeline heigh& (<

cm) acting tdunnrel animals toward the structdresimilar to fencingfunnellingwildlife

toward road crossing structures. Due to high vehicle numbers during the day and on
weekdays, structures located near roads received less use at these times. The orientation
of thestructure next to the road greatly influenced successful crossing rates. The second
and third crossing structures were placed so that an animal crossing the structure walked
directly onto the road. Structure four was placed parallel to the structurdditewrere
moving parallel to the road after crossing, not directly onto the road. The fourth structure
received the highest successful crossing rate by all species and recoréedfa8dose
crossings.

Do crossing structures facilitate wildlife movemgh

A comparison of successful crossings at the structures, elevated pipelines and regular
sections of pipeline, was undertaken using the standardized data. The crossing structures
received more successful crossings for all species combined, and separatelgse

alone. Despite coyote and deer being capable of crossing the pipeline at lower pipeline
heights these species used the structures frequently. Two bears, tywaniymmae wolf
approached and successfully crossed at least one structure. TBigrprésng as these
speciegypically take longer to habituate to road structures and were not expected to use
to pipeline structures so soon after construction. Moose crossed the structures 157 out of
178 approaches to the structure (88)2with 229 totd movements (68%). This was a

higher proportion than seen for any other species. Wildlife crossing structures were
effective in facilitating wildlife movement across the pipeline.

Recommendations

Wildlife crossing structures are recommended to alloMdlife to cross abowground
pipelines. Structueshould be built with a 3:1 incline, 4 m on {@md vegetated.

Ensuring a low pipeline height between structure$l(s.cm) will funnel wildlife toward

the structures. Elevated sections of pipelin@&8cm) are also effective in facilitating
wildlife movementWildlife crossing sructures or sections of elevated pipeline should be
placed every 400 m to facilitate moose movement.

When structures or elevated sections of pipeline are not @saeground pipelines

should be built with a clearance of at leb40 cm to allow moose movemeiihis can be
achieved following construction by modifying the ground underneath the pipeline.
However, this can only occur in dry areas to avoid flooding.pipeline should not be
lowered to facilitate movement over top of the pipeline as only one moose and one deer
were recorded going over the pipeline in 1.5 years of monitoring. All species showed a
preference to cross underneath the pipeline. Pipelinesdshe placed along existing
disturbances and separate from roads when possible.
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These recommendations can only be effective when incorporated at a regional scale.
Multiple oil and gas companies need to include these recommendations and establish
monitoling plans to better understand effective means of promoting witdbfeement

across pipelines. Lorgrm studies are required to evaluate different structure designs for
target species. Earthen pipeline structures facilitated wildlife movement across the
pipeline and should be incorporated into future developments.

| would like to thank my committee members, Michael Quinn (University of Calgary),
Danah Duke (Miistakis Institute for the Rockies), and Roger Creasey (Shell Canada) for
their assistance thrghout the project.
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10. Wabamun: A large scale spillesponsén a prairie lake

Luanne PattersoiGanadian National Railway Comparfyurrey, British Columbia
luanne.patterson@cn.ca
Brian Pimblett,Canadian National Railway Comparfyurrey, British Columbia

In the early morning hours of August 3, 2005, westizbtrain 30351 03 derailed at mile
49.40f theEdson Subdivision, approximately 7Bkvest of Edmonton, Albert&orty-

three cars derailed in the community of Whitewood Sands along side Wabamun Lake. Of
the 140 cars on the train, 25 cars of BunkeilCone car ofipole treating o (PTO),

one car of toluene, and 16 cars containing oats, pulp, camolavallboard derailed.

Eleven cars of Bunker Gil and one car of PTO leaked all or part of their contents with a
portion entering Wabamun Lake.

Two major responses ensueterailmen site containment and cleangmd lake
containment and recovery operations. Within hours of the spill, the derailment site was
contained with earthen berms, bell hoksd vacuum operations. Lake operations began
the samenorning. By the end of the day, 30 response crew sxigpats had deployed
4500 ft of absorbent boom and 1000 ft of containment (river) boom.

Derailmentsite containment andcleanup

Derailment site remediation required the excavation and replacef&d69 tonnes of
PTO contaminated soil and #72 tonnes of Bunker C contaminated soil from the
railway grade and adjoining residential properties. The pole treating oil, a lightidkesel
product used as a carrier for the wood preservative pentaghéarol, but not yet
containing the compound, traled overland in the railway ditch 150 m east, before
reaching a sand lens and infiltrating to the groundwater tiilsiebsequently was
observed seeping from the railway grade at the location of an ald-stave pipe

(Golder 2006a)A Vacuum Enhanced Recovery System (VER) was installed at this site
to treat PT@Gmpacted soil and groundwatdihe system sesavacuum applied to a

series of twenty, 2 incfecovery wells to recover three phases (vapour,gheater and
free product)The three phases subsequently pass through a treatment system consisting
of an air/liquid separator, an oil/water separator, a biological percolation filtea, cayl
and carbon tertiary polisher. Treated water is dischalgedgh weeping tiles up

gradient of Wabamun Lake.

Mass balance calculations were completed to determine the volume of Bunker C and
PTO either still remaining in the ground or lost to the lake (Table 1). No attempt was
made to calculate product recovereanhi the lake through absorbent materials, harvested
oiled reeds, submerged ,air debris removed from shorelines due to the inaccurate and
imprecise nature of these estimates.
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Table 1.Mass balance estimates for Bunker C and PTO

Bunker Cspilled 712500 L
Bunker C free product recovere¢ 320000 L

Bunker C in contaminated soil 231000 L

Bunker C in sludge 12000 L
Remainingproduct 149500 L
PTOspilled 88000 L
PTO free product recovered 28260 L

PTO in contaminated soil 11000 L

PTO VER 7946 L

PTO loss via volatilization Unknown

PTO commingled with Bunker C| Unknown

Remainingproduct 3000 6000 L'
! Calculated based on observations in the monitoring well network (Mitton and Pimblett 2006)

Following the remediakxcavation, removal of cars, track reconstruction, and the
placement of over 2Q00 tonnes of clean backfill, extensive landscaping was required to
restore affected residential properties, a small public park, and the Cibirgiaty.

Lake mntainment andrecovery @erations

Overall management of | ake operations was | e
response management company, EasBanada Response Corporatiosingthe

Incident Command Systergastern Canada Response Corporadeployed a spill

management team averaging 15 people throughout the 2005 respons#leffothan

20 contractors reported t o ,Hakkco Bnvitomnentapbr i mar y
and Quantum RemediatioBastern Canada Response Corporgti@pared detailed

operatio plans inalding a General Operating Plaovering the dration of the 2005

response, -flay plansdaily Nextday Operating Planand daily Status Reports.

Shorelinecleanup assessmenechnique

Assessment of oiled shorelines and reedbeds wasdineed throughEastern Canada

Response Corporatiamith the participation of Alberta Environment, Environment

Canada, Canadian Wildlife Service, Alberta Sustainable Resource DevelopmeahdCN

Paul First Nation. Following office and field calibration traigj two teams were formed

based on individual specialities and mandates to assess hard shorelines and reedbeds.
Shoreline assessments were completed on foot
shorelinesReedbed assessment transects were undertaken by foot or kayak with

bathymetric scopes assessing for the presence and concentration of submerged oil. The

process calle@horelineClearup Assessmentechniquedelineated the lake shoreline
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into divisions andshoreline segments based on shoreline type (Owens and Sergy 2000).
Each segment was marked in the field, GPS coordinates takeata collected on

ground features, accessd oiling conditionsThese detaile&horelineCleanup
Assessmerifechniquesurweys were completed according to Environment Canada
protocols and formed the basis of cleanup operations.

Resources

Equipment resources included Q0 feet of containment boom deployed within the first
week, and a total of 52800 feet of absorbent boom2005. Up to 25 boats were on the
lake with ground support by 16 vacuum truekslfive mini-vacuumsand air support by

two helicopters. Staffing levels peaked at 477 employees, with 135 First Nations workers
on the shoreline fronting the Paul Firsttidas Reserve, totalling over 3000 man

hours in the threenonth work period in 2005. Approximately 6508 af oiled reeds and
debris was disposed of in 2005.

In 2006, operations peaked at over 70 employees per day totalling cd@0 5@an
hours. Suppa was provided b¥ive jet boatsfive vacuum recovery/low pressure
flushing units andfive seatrucks. An estimated 1900°wf oiled reeds and debris was
disposed of in 2006.

Oiled wildlife response

Oiled wildlife was a large component of therespamnsed f ul |y i ntegrated i
Incident Command System for the 2005 operations. Focus Wildlife, an international oiled
wildlife response organization provided expert advise and personnel to implement oiled
wildlife treatment, monitoringand hazing operatis. After initially setting up in the
community arena on August 4, 2005, it soon became clear that larger facilities would be
required A large oiled wildlifefhospitab was formed in a warehouse in the nearby town

of SpruceGrove. Sixteen Focus Wildlife staff, local veterinarisarsd 1600 volunteers
assisted in the creation of a Hikkdged hospital housing hundreds of wildlife at a time.
Hospital facilities included intake (admissions), triage, stabilization, wash, dydmg,
conditioning pools, animal kitchen,-lhouse laboratory, necropsy facilities, biological
waste and wastewater management, intensive care unit, and facilities for volunteers
including registration, lounge, kitchegand training. Specialized equipmemtd materials

were sourced throughout North AmeriGairty-four species of wildlife were brought

into the facility for treatment, 433 alive and 582 dead on arrival. A total of 110 were
released with a success rate of 29%is statistic compared favoulgtio a similar spill
involving the same product and species in California in early 2005 with a survival of 14%
(L. Emo, pers. comm).

In support of the hospital operations, a large field component included staff of up to 25
working in teams of two coll¢ing oiled and dead wildlife. Crews worked closely with

other lake operations and conducted daily surveillance and inventories by boat with aerial
surveys weekly. Hazing operations using effigies, bea@ntspyrotechnics were
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implemented in fall 2005 arebummer/fall 2006 to discourage wildlife usage of higher
risk regions of the lake.

Oil behaviour

The prevailing westerly winds, typical at Wabamun, blew oil along the northern
shoreline, through reedbeds towards the village of Wabamun. On the secanidadtay
changed to northerlies and pushed the large slicks and oil ribbons across the lake and
onto the southern shoreline. Within two days nearlythwas of Wabamun Lake had

been impacted by floating oil. A portion of the floating oil subsequently catoe i

contact with sediment along the shorelines, causing an increase in density such that oil
sank within the water column as sunken oil (on the lakebed), submerged oil (within the
water column)or neutrally buoyant oil (near the water surface) (PaHarand Owens
2006). This oil formed tarballs, or in larger quantities tarmats, in the near shore areas.
Wind and wave action from prolonged or major storm events mobilized the tarballs
around the lake requiring shoreline cleanup in areas not previouslgtadpa

The near constant wind action on Wabamun Lake caused many large and important
reedbeds to be impacted by surface oil. Oil adhered to the surface of reeds, primarily
Scirpus validusind coated the outer layer with a sticky or tacky coat. Wind and wav
action spread the oil along the reed length and remobilized the oil to the water surface.
Over time this thin layer of oil would weather and dull to a-sticky asphaHike

surface of thereedstah o ugh s ummer rmeliothe @ilordoccasnald di d A
avoid risk of oiling to wildlife, oiled reedbeds were harvested, cut just below the water
surface using hand operated weedcutters or mechanical reed harvesters. During 2006,
targeted submerged oil operations sometimes required reeds to be ciih atedephe
substrate to facilitate oil recovery. Waste reeds were collected and shuttled from various
locations around the lake in seacks to waste collection areas and trucked to landfill.

Submerged andwnken oil recovery

Submerged oil and thmotential for sunken oil proved to be one of the most difficult

types of oil to successfully clean up. The general public and environmental agencies were
concerned that a large volume of sunken aghnhbe present on the lake bottom in

deeper water. Numeus techniques were undertaken to assess for the presence of sunken
oil including black and white video transects, dive transects, weighted sorbent diaper
drops, andemotelyoperatedvehicle colour video transectdo evidence was shown for

the presencef@eunken oil and it was concluded that no pool of sunken oil existed.

Submerged oll, tarballand tarmats were highly visible and persistent along some
sections of the shoreline. A number of techniques weedto remove submerged oll
including manual removal using nets and screened forks. Vacuum systems were
developed using favo or threeinch trash pump on a boat with an intake hose manually
operated by a cremember either in the water or by boat. The disghdrse was

directed into a fine mes$creened sieve allowing the debris and tarballs to remain while
draining the water away. This method proved very useful in circumstances where
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