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Conference Description 
 

This conference was the sixth in a series of conferences hosted by the Columbia 

Mountains Institute 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 lines. The 

following topics were addressed: 
 

 Update on regulatory requirements and standards for water 

 Corridors and wildlifeðreducing mortality, improving permeability 

 Right-of-way managementðvegetation, etc. 

 Project planning and managementðcase studies, cumulative impacts 

 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 conference. Participants were multidisciplinary, and 

included staff from various government offices, resource managers, public interest 

groups, consulting biologists, protected areas staff, and academia. A senior science class 

from Revelstoke Secondary School attended part of the conference. The Columbia Basin 

Trust, through the Community Initiatives fund, kindly subsidized registration fees for the 

Revelstoke students. 

 

 

 

 

 

 

 

 

 

 

About the Columbia Mountains Institute of Applied Ecology 

www.cmiae.org 

 

The Columbia Mountains Institute of Applied Ecology (CMI) is a non-profit 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 web site offers many resources, including conference summaries for all of 

our past events. 

 

The summaries of presentations in this document were provided by the speakers.  

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. 
 

http://www.cmiae.org/
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movement, Bridget Dunne, University of Calgary 
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4:15 p.m. Managing unexpected and unpredicted wildlife migrations: The western toad 

tsunami on the Vancouver Island Inland Highway, Leonard Sielecki, British 

Columbia Ministry of Transportation  

- Reception at Revelstoke Railway Museum - 
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Presentations on Wednesday, November 7, 2007 
 

1. The Water Act: What you need to know about Section 9, ñChanges in 

and about a Streamò 
 

Kristen Murphy, Water Stewardship Division, BC Ministry of Environment, 

Nelson, British Columbia 

 

The provincial government retains ownership of all waterways and water bodies. The 

Water Act is the primary provincial 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 

source. Kristen Murphyôs presentation addressed the process for making an application 

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 ñChanges in and about a streamò 

Scroll down to ñComplete application packageò 

 

For application forms, visit: 

www.frontcounterbc.gov.bc.ca 

Choose ñApplication Forms Libraryò  

Choose ñWater Approval and Notification Changesò in the alphabetized list 

 

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 southeastern British Columbia: An 

update 
 

Brian Ferguson, Fisheries and Oceans Canada  

fergusonbr@pac.dfo-mpo.gc.ca 

 

No summary provided. 

 

 

http://wlapwww.gov.bc.ca/kor/wateract/terms_conditions.html
http://www.env.gov.bc.ca/wsd/
http://www.frontcounterbc.gov.bc.ca/
mailto:fergusonbr@pac.dfo-mpo.gc.ca
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3. Mitigating the impacts of animal/vehicle collisions while maintaining 

permeability on two highway construction projects in British 

Columbia  
 

Bill Harper, Kicking Horse Canyon Project and Osiris Consulting, Victoria, British 

Columbia 

bill.harper@shaw.ca 

 

Animal/vehicle collisions are becoming an increasing problem on modern highways with 

faster design speeds. The frequency of animal/vehicle collisions is primarily a function of 

four factors: 

 

1. traffic volume, 

2. traffic speed, 

3. pattern of traffic flow, and  

4. the abundance and distribution of animals.   

 

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

ñplatooning,ò thus increasing the number of lead vehicles that are at greatest risk of 

striking animals. Animal/vehicle collisions can increase on the order of 2.5 times over 

baseline when two lane highways are upgraded to four lanes and mitigation measures 

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

ñplatooningò on four lane highways is suggested as one of the primary causes of this 

level of increase in animal/vehicle collisions. 

 

The amount of vehicle damage and risk of human injury is a function of the vehicle 

speed, and the mass and height of the animals struck. Heavy, tall animals such as elk and 

moose are more dangerous to vehicles and their occupants compared to smaller species 

such as deer and bighorn sheep. The most effective way to reduce animal/vehicle 

collisions in areas with high wildlife concentrations is to prevent animals from accessing 

the right-of-way through exclusion fencing (Clevenger et al. 2001).  

 

The 82-km-long Okanagan Connector is a four lane, divided freeway constructed in the 

late 1980s with a system of wildlife exclusion fencing (including 22 crossing structures 

and 277 one-way escape gates) that has been 97% effective in preventing animal/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 are shared with 

cattle or in areas with high levels of human disturbance.  

 

The Kicking Horse Canyon Project is twinning 26 km of the Trans Canada Highway 

between Golden and Yoho National Park (Kicking Horse Canyon Project 2007). Data on 

roadkill pickups through the Wildlife Accident Reporting System estimated 

animal/vehicle collision rates 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 (Harper 2007). To improve public safety and conserve 

wildlife resources, mitigation measures for reducing animal/vehicle collisions are being 

mailto:bill.harper@shaw.ca
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planned at the east and west segments of the project where animal/vehicle collisions are 

highest. Wildlife fencing, crossing structures (both underpasses and overpasses), ungulate 

guards, one-way escape gates, and one-way 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 the projectôs web site at: 

 

www.kickinghorsecanyon.ca 
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4. Road Watch in Crowsnest Pass: Web-based citizen involvement in 

wildlife data collection  
 

Tracy Lee, Miistakis Institute for the Rockies 

tracy@rockies.ca 

Michael Quinn, University of Calgary, Calgary, Alberta 

Danah Duke, Miistakis Institute for the Rockies 

 

Abstract 

 

ñRoad Watch in the Passò is a community-based 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 in that it engages 

citizen to enter their wildlife observations along Highway 3 through an on-line interactive 

mapping tool. Since implementation in 2004, the project has documented many successes 

and challenges. Road Watch has proven to be a successful model for engaging the 

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 results have been 

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 flow resulting in data fragmentation (periods when overall 

entries are low). 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 adaptively to address 

these challenges and concerns as they arise. Project direction is set during meetings 

between participants, a local project coordinator, and Miistakis Institute researchers.   

 

Background 

 

The Crowsnest Pass is situated in a rare east-west valley through the Canadian Rocky 

Mountains in southwestern Alberta. Within this valley, there are four settlement areas, 

and a two lane highway and a railway that both run the full length of the corridor. The 

full complement of large mammals occurs in this area and they must 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 issue. The valley is also a high priority for 

conservation planning because it is a connector for regional-scale wildlife movement. 

Carnivore biologists have identified Highway 3 as a potential barrier to wildlife 

movement through the region. This has implications for maintaining the integrity of 

wildlife populations between northern Montana, southern Canada, and central Canada. 

The impact may be exacerbated due to a proposed highway expansion, from two to four 

lanes, and realignment by Alberta Infrastructure and Transportation. For the development 

of effective mitigation strategies to reduce the negative effects of Highway 3 on wildlife, 

decision makers require access to timely and accurate information on wildlife temporal 

and spatial patterns through the region. Information pertaining to wildlife movement was 

mailto:tracy@rockies.ca
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identified as an important information gap in the Crowsnest Pass. To address this data 

gap, Miistakis, a non-profit research institute affiliated with the University of Calgary, 

together with the local community, 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 

dataset on crossing and collision locations 

2. To foster a learning environment in the Crowsnest Pass 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 process that involved 

local and provincial governments, industry, conservation groups, and local citizens. 

Wildlife movement and collision zones were identified as a data gap that could be 

addressed by engaging local citizens, as numerous individuals are knowledgeable 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 community 

monitoring projects results in 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 unique in that it uses a web-based GIS for 

data collection and dissemination of results. The web-based mapping tool enables citizens 

to record their wildlife observations along Highway 3. The tool has proven to be an 

efficient way to collect, store, and disseminate information. Participants sign in with a 

username to enter observations, then they can spatially view their personal contribution to 

Road Watch or the entire Road Watch database. The project web site acts as the 

communication hub for Road Watch participants and includes a tutorial on how to enter 

observations, a wildlife tutorial on species identification, and a page to provide 

participants with regular information about the project. In additional, regular 

opportunities are provided through meetings, community action events, or 

demonstrations, for participants to meet with Road Watch staff to discuss project 

methods, direction, or concerns.  

 

Road Watch successes 

 

Road Watch is a successful model for engaging volunteers to participate in a community-

based monitoring project and 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 observations of grizzly bear, black bear, lynx, and 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, elk, and bighorn sheep. Information is disseminated back to 

participants through regularly produced participant updates that are emailed to 

participants, displayed on the web site, and often printed in the local media.  

 

One of the best measures of success has been 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 to Alberta Infrastructure and Transportation and 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 Watch challenges 

 

Road Watch has 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 

observations. 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 patterns of wildlife along Highway 3. 

Additionally, current data collection methods are not systematic, as they are based on 

opportunistic observations. Participants do not necessarily drive the entire length of the 

study area, nor do they record when they did not observe wildlife.  

 

To address these issues, Road Watch is working with Kylie Paul, a graduate student from 

the University of Montana, who has designed a wildlife systematic driving survey. This 

dataset will be compared to the Road Watch data to assess its ability to accurately reflect 

spatial and temporal movement patterns. Additionally, communication has been initiated 

with Road Watch participants to increase the scientific rigor of the dataset by establishing 

a two-pronged approach to data collection. We plan 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 explored during the next community meeting. 

 

Conclusion 

 

In summary, Road Watch in the Pass is a successful model for engaging citizens in a 

community-based monitoring project. Road Watch has generated a large dataset of 

wildlife observations in the pass that has enabled 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 has been 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 fostering a 

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 foster a learning 

environment where dialogue exchange is encouraged? Does involvement in a 

community-based monitoring project engage citizens to address wildlife conservation 

issues in the pass? Answers to these questions will help guide Road Watch direction. In 

addition, direction is set regularly through communication between Miistakis researchers 

and participants. Overall the Road Watch project demonstrates the value of engaging 

citizens in research related to road ecology, but it also highlights the importance of 

collaboration and adaptive management to address the challenges of working with 

volunteers.   

 

 

5. Banff's highway crossing structures: Past and future development  
 

Terry McGuire, Parks Canada, Banff, Alberta 

terry.mcguire@pc.gc.ca 

 

Terry McGuireôs duties include responsibility for highway operations, maintenance, and 

recapitalization within the Canadian Rocky Mountain Parks of Canada. Terry has been 

the Project Director for the Trans Canada Highway Twinning work within 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 mitigations, he reviewed mitigation 

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

Highway. 
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6. Measuring gene flow across the Trans Canada Highway and 

population-level benefits of road crossing structures for grizzly and 

black bears in Banff National Park 
 

Michael A. Sawaya, Western Transportation Institute, Montana State University 

mike.sawaya@pc.gc.ca 

Anthony Clevenger, Western Transportation Institute, Montana State University and 

Parks Canada, Banff 

Steven T. Kalinowski, Western Transportation Institute, Montana State University 

 

The purpose of the Trans Canada Highway Bear DNA Project is to evaluate the 

demographic and genetic benefits of wildlife crossing structures for grizzly and black 

bear populations in Banff National Park, Alberta.  

 

The section of the Trans Canada 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 is recognized as an important stressor to the ecological integrity of the 

central Canadian Rockies. Wide-ranging carnivores, such as grizzly (Ursus arctos) and 

black bears (U. americanus), are particularly vulnerable to road mortality and habitat 

fragmentation caused by roads. In order to mitigate these negative impacts on wildlife, 24 

crossing structures have been constructed across the TCH. More than a decade of 

intensive study has shown that the wildlife crossings reduce mortality and maintain 

wildlife movements. 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 

crossings. Based on the results of that pilot study, a three-year 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 crossings, and the 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:  

 

 assess the effectiveness of different types of crossing structures, 

 estimate the population sizes for both bear species in the Bow Valley, 

 calculate the proportion of the population using the crossings, and 

 quantify the level of movement and gene flow across the TCH.  
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This presentation highlights our research objectives and presents some of the preliminary 

results from the 2006 field season. Eleven grizzly bears (6 males, 5 females) and 11 black 

bears (7 males, 4 females) were identified from the samples collected at the crossing 

structures, and 40 black bears (16 males, 24 females) and sixty-three grizzlies (37 males, 

26 females) were identified from the samples collected from the hair snares and rub trees 

(overlap exists between hair collection methods). These data will be analyzed using a 

combination 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 

reducing road-caused mortality and maintaining wildlife movement, but the conservation 

benefits of crossings for bears at the population level has yet to be evaluated.   

 

 

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

Flathead Indian Reservation  
 

Dale Becker, Confederated Salish and Kootenai Tribes, Pablo, Montana 

daleb@cskt.org 

 

Abstract 

 

Planning for the reconstruction of US Highway 93 through the Flathead Indian 

Reservation included substantial consideration of wildlife and wildlife habitat issues. 

After years of negotiation, the Confederated Salish and Kootenai Tribes, the Montana 

Department of Transportation, and the Federal Highways Administration reached 

agreement on most aspects of the project in 2000. Still to be finalized are reconstruction 

plans for a 19 km portion of the highway that passes through the Ninepipe-Kicking Horse 

wetland complex. The Memorandum of Agreement between the three governments 

includes provision for the construction of 42 wildlife crossing structures and other design 

features to enhance wildlife habitat features and maintain habitat linkages. In addition, 

wetland habitat mitigation will focus on avoiding wetland habitat, to the extent possible, 

and acquisition, restoration, and 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 concerns, was presented, as were details of the 

designs for wildlife crossings and other mitigation plans. In an effort to assess the 

effectiveness of the wildlife crossing designs, pre-construction monitoring of wildlife use 

at several crossing sites was monitored. Post-construction monitoring at those sites will 

allow for comparisons between pre-and post-construction 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 region for thousands of 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 subsistence, and many of the cultural 

and spiritual needs of the people. As a result, their lives were intertwined with those of 
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the animals native to the area, and their activities, movements, lifestyles, and well-being 

depended upon the animals. Thus, wildlife resources play dual roles, being considered as 

both natural and cultural resources by the Tribes. 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, both on and off of the Flathead Indian Reservation. 

 

The proposal for the reconstruction of a 97 km portion of US Highway 93 located on the 

Flathead Indian Reservation resulted in the consideration of a wide variety of issues and 

concerns related to wildlife and wildlife habitat on the Reservation (Becker 1996, Federal 

Highway Administration and the Montana Department of Transportation 1995).  

Various alignments proposed for the highway right-of-way passed through a diverse 

array of habitatsðand raised numerous concerns about the potential adverse impacts 

related to direct mortality of wildlife, habitat loss and degradation, habitat fragmentation, 

and cultural erosion. The Tribesôcultural perspective had a direct link to the wildlife 

issues because of the strong 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, 

Kootenai, and Pend dôOreille peoples under the terms of the Treaty of the Hellgate 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 Washington, in return 

for exclusive use of the lands encompassed within the reservation boundaries. Later, 

allotment of Indian lands, government withdrawals, and finally opening of the 

Reservation to settlement resulted in substantial permanent changes to the environment of 

the Reservation. Those changes continue today, and they relate directly to the project 

discussed here. 

 

The Flathead Indian Reservation encompasses approximately 505 875 ha within its 

exterior boundaries. The land base includes a wide variety of habitats ranging from semi-

arid shrub-grasslands to diverse wetlands and riparian habitats to subalpine habitats. It 

consists of four distinct valley complexes that are bounded by mountains. The primary 

subject of this discussion is the eastern side of the Reservation, where the existing and 

proposed alignments of US Highway 93 are located. Dominant features are the Mission 

Mountain Range, which forms the eastern boundary of the Reservation with summits up 

to 2994 m above sea level, and the Rattlesnake Range to the south.   

 

The dominant land use of valleys to the west of these mountains is agriculture, 

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 into the Flathead 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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amphibians, and 9 species of reptiles (CKST Tribal Wildlife Management Program, 

Unpublished data). 

 

Direct wildlife mortality issues 

 

Wildlife use the entire US Highway 93 corridor on the Reservation, as indicated by 

observations and by the number of road-killed deer, bear, turtles, small mammals, non-

game and game birds, and other species that one observes within the right-of-way each 

day. There are, however, a number of areas that receive higher levels of wildlife use than 

others and exhibit a corresponding increase in vehicle-related wildlife mortality. To 

analyze the severity of mortality, logbooks of Tribal Conservation Officers and Montana 

Department of Transportation maintenance personnel were reviewed. In addition, 

incidental observations of Tribal Wildlife Management Program staff members were 

included. The input of Tribal Elders and other local people was also sought.   

 

These efforts led to the preparation of a map of the entire highway route, which showed 

areas that exhibited high and repeated wildlife mortality problems. An analysis of habitat 

features, such as vegetative cover and hiding cover, indicated where animals might be 

expected to attempt to cross the highway. For example, at one section of the highway (the 

Evaro area), this information, together with winter tracking data, was used to identify 

locations most likely to be used as wildlife crossings. In addition, remote-sensing 

cameras placed near wildlife trails provided added insight about the numbers and species 

of animals using the trails. The cameras worked well for larger species such as deer and 

bears, but were less useful for smaller species (Becker et al. 1993). Collectively, the 

information provided by these methodologies assisted in indicating where animal use was 

occurring and the degree of that use. 

 

Big game mortality was somewhat random, but tended to be linked to the habitat features 

adjacent to the right-of-way. Most deer and bear mortality was linked to adjacent riparian 

areas or other forested cover types, as one might expect. A few deer were 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 Service: the grizzly bear (Ursus arctos 

horribilis); the northern gray wolf (Canis lupus); the bald eagle (Haliaeetus  

leucocephalus); and the Canada lynx (Lynx canadensis). At the time of the onset of the 

environmental analysis for this project, the peregrine falcon (Falco peregrinus) was also 

listed. Additionally, during the period since the analysis began, the bull trout (Salvelinus 

confluentus) has been listed. 

 

Although Highway 93 passes through habitats used by each of these species, the only 

mortalities of a listed species known were three sub-adult female grizzly bears, killed by 

vehicles in the Ninepipe Reservoir area in 1999, 2001, and 2003. Other mortalities of 

listed species may have occurred, but no verified records of these exist. 
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The Ninepipe-Kicking Horse Wetland Complex exhibited a high level of wildlife 

mortality, with nearly every species represented as a road-kill at least once. Of particular 

significance was the high mortality rate for western painted turtles (Chrysemys picta) 

each summer. Conservative estimates of the mortality of this species were estimated at a 

minimum of 300 per year, based upon direct counts of road-killed animals. Also 

significant was the number of certain avian species, particularly passerines, waterfowl, 

shorebirds, and raptors, which inhabit the natural and borrow pit wetland habitats 

adjacent to the highway. Several species of small to medium-sized mammals were also 

regularly killed by traffic on the highway near this wetland complex. The segment of the 

planned reconstruction project in this area is still undergoing study. Presently, the 

Supplemental Environmental Impact Statement is being finalized, and this will clear the 

way for planning for construction in this area.  

 

Wildlife habitat issues 

 

Wildlife habitat issues were grouped into two categoriesðhabitat loss or degradation, 

and habitat fragmentation. Habitat loss was anticipated within, and immediately adjacent 

to, the right-of-way in places where construction activities are planned. Habitat 

degradation is more subtle and is harder to document. The fact that the highway will 

largely follow the existing right-of-way will limit habitat loss to some degree, although 

wider rights-of-way will result in some additional loss of adjacent habitats. With regard 

to wetland habitats, the Tribesô Wetland Conservation Plan (Confederated Salish and 

Kootenai Tribes 2000) requires that impacts be avoided whenever possible. If these 

impacts are unavoidable, mitigation will be undertaken to replace or restore a given 

amount of wetland habitat. 

 

Habitat fragmentation has already occurred because of the highwayôs present 

configuration and alignment. The amount of traffic on the highway and the lack of any 

substantial existing wildlife crossing structures results in the bisection of adjacent 

habitats. This fragmentation is indicated by the fact that wildlife are being killed on the 

highway as they attempt to cross the right-of-way. 

 

Mitigation for wildlife mortality 

 

As discussed above, the sites of documented wildlife mortality, especially multiple 

recurring mortalities, 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 Highway 93. Collectively, 

these design features will be used to both decrease the amount of wildlife mortality 

caused by traffic on the highway, and to mitigate for the habitat loss, degradation, and 

fragmentation that currently exists. 

 

Crossing structures  

The plans for the reconstruction of the highway include construction of 42 metal pipe 

culverts or concrete box culverts designed to facilitate wildlife crossing the highway. 

Twenty-three of these structures will be culverts approximately 3.7 m x 6.5 m in size. 
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Ten culverts approximately 1.3 m x 2 m are also anticipated for inclusion. Seven bridges, 

ranging from 12 m to 110 m in length and a minimum 3.7 m of height clearance to 

facilitate wildlife passage and re-vegetation, will be constructed across the larger rivers 

and streams that bisect the highway. Finally, one over-crossing structure with a width of 

46 m to 61 m will also be constructed. These plans were developed under the 

Memorandum of Agreement between the Tribes, the State of Montana, and the federal 

government (Montana Department of Transportation et al. 2000). Each of these structures 

will be designed and placed to ensure the maximum amount of wildlife passage across 

the highway right-of-way by a variety of the local species. Many of the concepts for these 

structures and those discussed below were originally developed elsewhere, but the 

specific locations and local concerns, in addition to more recent ideas and data from 

similar structures, will likely dictate some changes in design features. 

 

Drift fencing  

The plans for mitigation of wildlife mortality also includes construction of 2.6 m high 

wire fencing with wing fencing at terminal locations to accompany the crossing structures 

described above. The fencing will be placed to encourage wildlife movement toward the 

crossing structures. In areas where burrowing 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 will take two forms: signs to warn motorists of potential wildlife 

hazards and signs to inform motorists of wildlife crossings. Warning signs will alert 

motorists about potential wildlife hazards in the highway right-of-way. Informative 

signing will assist motorists in learning about the presence of wildlife crossing structures, 

as well as the rationale for their construction. 

 

Wildlife escape structures 

Regardless of the presence of wildlife crossing structures, it is inevitable that wildlife will 

occasionally breach the fencing and enter the right-of-way. To deal with such situations, 

wildlife fencing will be constructed to assist wildlife in moving away from the highway 

toward jump-out structures terminating in 2.6 m vertical walls that will allow them to exit 

through the fencing and leave the right-of-way. These types of structures have been 

installed elsewhere and have been used successfully by big game animals. 

 

Monitoring and research 

 

Because of the number and types of wildlife crossing structures anticipated for this 

project and the need to evaluate the utility and degree of use of the various designs, an 

extensive monitoring program is being developed. Several opportunities for research to 

assess the use of the structures by wildlife and their impact upon wildlife use will be 

possible. These efforts will be co-ordinated by representatives of the three governments, 

academic institutions, and other entities to achieve the greatest degree of knowledge 

possible. 
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Mitigation for habitat loss or degradation 

 

The primary habitat mitigation identified in the proposals for the reconstruction of 

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

construction activities. The Confederated Salish and Kootenai Tribesô Wetlands 

Conservation Plan (Confederated Salish and Kootenai Tribes 2000) outlines an approach 

that preserves and mitigates for adverse impacts to wetland and riparian habitats. This 

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

and the decline in wetland and riparian quality on the Reservation. The long-term goal of 

the plan is to increase the acreage of wetlands and riparian areas, and improve the quality 

of the resource. It outlines a strategy for conservation and mitigation of adverse 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 impacts. Under the directives of this project, the 

Tribes acquired a tract of drained and degraded wetland habitat; restored the habitat; and 

then sold the wetland mitigation credits to the Montana Department of Transportation to 

assist the agency in meeting its wetland mitigation obligations under the Federal Clean 

Water Act and US Army Corps of Engineers regulations for wetland mitigation. 

 

Habitat fragmentation is a constant concern on the Flathead Indian Reservation, and 

fragmentation due to land uses, highway and road construction, and subdivision activities 

are major issues (Confederated Salish and Kootenai Tribes 1994, 1996). The Tribesô 

concerns have a direct bearing on the Highway 93 reconstruction project. As a result, the 

Tribes use a variety of policies and planning tools on Tribal lands to manage human 

growth pressures, habitat degradation issues, highway construction impacts, and 

subdivision pressures. Because much of the Reservation consists of non-Tribal lands, the 

Tribes also work closely with other appropriate governmental agencies at the local, 

county, state, and 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 of US Highway 93 through the Flathead Indian 

Reservation has been a long and arduous task that continues toward resolution. Instead of 

merely paving a sterile right-of-way over the shortest route between two points and 

allowing the impacts to occur, it now seems both possible and practical to achieve 

positive outcomes for wildlife and habitat when designing a highway. The insistence of 

the Tribes that the US Highway 93 Reconstruction Project highway be designed as a safe, 

environmentally-friendly road will ensure the continuance of wildlife and the habitats 

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

Susan Patey Ledrew, EnCana Corporation 

susan.pateyledrew@encana.com 

Catherine Watson, Encana Corporation 

catherine.watson@encana.com 

 

Legislative requirements all have some level of influence on oil and gas activities. This 

paper outlines what EnCana Corporation (EnCana) does to meet the various regulatory 

requirements for oil and gas activities in southern Alberta. In addition, some of the 

challenges that face the oil and gas industry while trying to meet these various regulatory 

requirements will be discussed. Items in this document are based on current EnCana 

practices and polices. While this paper identifies issues associated with regulatory 

requirements and development of sweet shallow gas (gas situated in geological 

formations ranging from 350 to 1000 m deep, and composed of 97% methane with the 
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remainder being nitrogen and water), many of the concerns identified in this document 

are shared throughout the oil and gas industry, and may be applicable to 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 reducing the impact of an activity by making its 

ñfootprintò on the land smaller. This is accomplished by avoiding sensitive areas 

completely and by timing the activity for periods when prairie soils, vegetation, and 

wildlife are less at risk. A number of technologies have evolved that help to reduce 

industrial footprints. Two examples are no-stripping of lease areas for shallow gas wells 

and minimizing the width of a pipeline right-of-way through the use of specialized 

equipment. Minimum disturbance practices were originally implemented by oil and gas 

companies to reduce known and potential impacts of development activities conducted in 

native prairie and parkland landscapes. The last decade has seen a gradual progression to 

integrate the principles of minimal disturbance into the whole lifecycle of a project. 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 equal. Each of us (the oil 

and gas industry, various regulators, stakeholders, and 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 Alberta (and other provinces) on provincial and federal 

lands where both federal and provincial regulations apply to some of their mineral 

holdings. These regulations can relate to wildlife (migratory birds and species at risk), 

water (use, crossing, and encroachment), application processes, and general 

environmental expectations. In order to reconcile all of these expectations in a duly 

diligent manner, effective planning must be used.  

 

Site selection and effective planning 

 

The following information provides a brief background on how the oil and gas industry 

chooses a location for development. Many factors dictate where, when, and the type of 

development that will or will not occur. The type of well (e.g., deep gas vs. shallow gas 

vs. oil), the method of well construction (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 development geologists 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 the section of land 
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3. Surface land limitations such as topography, water bodies, species at risk 

setbacks, and landowner requests 

4. Alberta Energy and Utilities Board spacing or holding regulations (e.g., infill 

drilling and the number of wells per section) 

 

Once preliminary locations are chosen by the development team, a map of the 

preliminary well locations, pipelines, access routes, and any associated infrastructure is 

created. A key factor during the planning stage is to consider all phases of a project. 

Things to consider are: 

 

 Can existing roads be used? 

 Can areas of existing disturbance be used? 

 Can right-of-way be shared or paralleled? 

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

in wet years? 

 How will the site be oriented? How will water flow across the site? Will drainage 

be maintained? 

 Are there potentially sensitive areas including wildlife issues, habitat issues, and 

historical resources? Can they be avoided, rerouted, or relocated at the planning 

stage?  

 Will timing be an issue? How will the construction schedule be influenced by 

restrictions due to landowner activities, the presence of wildlife, and various 

regulatory requirements? 

 Can time and money be saved, and regulatory requirements better met, by 

planning the well site, pipeline, and access road construction together? 

 Is there an area with existing disturbance that can be used instead of clearing a 

new area (e.g., cultivated land versus native prairie or forests)? 

 What are the options for constructionðis multipad, boring, or directional drill 

feasible? 

 

Issues such as these are best dealt with early in the planning phase as decisions made at 

the onset of the planning process have long-term implications. Effective planning can 

help determine regulatory requirements and allow time for any permits or approvals to be 

obtained. A company may apply a proactive approach and take the opportunity to hold 

planning meetings prior to construction to discuss potential mitigation alternatives to 

minimize or reduce disturbance. This may involve project and development engineers 

(for facilities, pipelines, and well sites), operations personnel (to discuss implications for 

operational issues), geologists, environmental specialists, and construction personnel.  

 

Mitigation and minimal disturbance methods 

 

To reduce overall disturbance and minimize cumulative effects, companies may decide to 

place several wells on multipads using existing leases and existing access routes. By 

minimizing the amount of additional or new surface disturbance, overall habitat loss is 

decreased and potential impacts to critical habitat and sensitive areas can be avoided. It is 

interesting to note that there are some landowners who donôt want companies to use 
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existing leases (multipads) because the wells are not considered new sites and, thus, 

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 vertical wells. There may also be other technological 

limitations of this drilling practice depending upon the targeted geological formation.  

 

At the pre-construction and planning phase, minimal disturbance mitigation may also 

include discussions with the project team around the following: 

 

 Use of no-strip for lease areas for shallow gas wells. 

 Use of multipads and other directional drilling opportunities (including directional 

boring of water crossings or coulees). 

 Use of existing access (accounting for how often the well is accessed, and what 

type of ongoing maintenance and operation that facility might need in order to 

design the appropriate access). 

 Construction of deep gas wells that minimize the amount of soil stripping. Note, 

however, that there are safety issues relating to oil well leases, and rig set-up and 

physical structure for safety and regulatory requirements must be met.  

 Use of rig matting to protect land while drilling or for access. 

 

It has been demonstrated many times over that this process substantially reduces costs, 

particularly when it comes to eliminating redundancy (e.g., multiple surveys for the same 

area or constructing two different access routes instead of one) and allows for a more 

efficient and collaborative process.  

 

Once the locations are chosen, a Surface Landman will visit the landowner. Typically in 

these meetings, a project overview is discussed with the landowner. This is the best 

opportunity for the landowner to share information and ask questions. The 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 

 

Once planning is complete, a site visit is conducted where required. Visits are done by a 

team that may consist of someone from construction, wildlife experts, or other specialists 

(e.g., botanists or archeologists, depending upon what has been identified in the 

preliminary database and literature searches, and pre-siting assessments). The team works 

with survey crews to locate wells, access routes, and pipelines.   

 

Keeping minimal disturbance and reducing the project footprint in mind while balancing 

regulatory requirements, the appropriate equipment and installation methods are tailored 

to different soil and vegetation types, land use, and 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 granted), and timing of construction activities.  
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Possible mitigation  

 

One method of mitigation that is particularly effective for wildlife and species at risk is to 

construct the project during the appropriate times where there is minimal impactðfor 

example, in the winter when activities can occur outside of critical wildlife activity 

periods (e.g., migration or breeding) or when plants are dormant and frozen to minimize 

damage to root systems. Again, 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 disturbance. EnCana has used coil tubing rig technology for drilling 

shallow gas well sites. These rigs have hydraulic lifts that can level safely while meeting 

the Alberta Energy and Utilities Board safety standards and minimizing the amount of 

area that would have to be levelled or cleared to safely set the rig. Coil tubing rigs 

typically have quicker drilling times, are lighter in weight, and require no stripping or 

levelling. The rig can be set up safely resulting in a minimal amount of disturbance. On 

minimal disturbance drilling sites, timing is the key. Soils must be firm (dry or frozen). 

Access may need to be watered in dry conditions to control dust and conserve root 

systems. Drilling operations are suspended during unfavourable conditions.  

 

After the well has been completed, facility and pipeline construction commences. At the 

same time, pipeline construction ties individual wells into a group system. For shallow 

gas, facilities construction installs a gas compressor central to a specific gathering 

system.  

 

Challenges for the oil and gas industry 

 

Landowner concerns  

Landowners often express concerns if they are asked by companies about species at risk 

or about wildlife surveys being conducted on their property. Often, landowners do not 

want us to report sightings of species at risk to the relevant regulators. The 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 a species at risk, this information can actually help the regulators and the 

species that is at risk. For example, this information can be used by subsequent 

companies that develop on that particular landownerôs land and thus ensure appropriate 

mitigation is developed for the species at risk already identified on that parcel of land. 

 

Some landowners prefer oil and gas development to occur in areas that cannot be farmed 

and that would be considered environmentally sensitive (e.g., adjacent to or in wetlands, 

treed areas, adjacent to coulees or slopes, and native pasture). 

 

Data quality 

Quality of information can be an issue, particularly when it comes to data sharing and 

data reporting between different government agencies. Often companies are reluctant to 
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share data between companies. While regulatory bodies do provide information to 

companies, it is often difficult to get a response in a timely manner depending upon the 

work load of the regulator (due to a shortage of resources) and the time of year (e.g., staff 

are most busy during the summer field season). Industry contributes a large amount of 

data to the data pool such as information on rare plants, wildlife, archaeological and 

paleontological resources. This information is a very important source of data to share 

among regulatory bodies and industry.   

 

Access to current, longïterm, and accurate data is necessary. It is important to note that 

the decisions that are made about development locations are only as good as the data that 

is provided. Information regarding population trends, habitat use, critical habitat, and site 

fidelity, for example, are needed to make informed decisions when it comes to 

cumulative effects and appropriate mitigation.  

 

Regulatory challenges 

In terms of current legislation and regulatory requirements, clear direction and flexibility 

must be provided to ensure regulatory compliance both provincially and federally while 

still providing workable solutions for stakeholders. Solutions must be workable and 

flexible to meet various stakeholder needs and to address problems of administering 

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 mitigative measures to prevent and/or limit environmental impacts.  

 

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 Act or other provincial or federal species at risk acts and 

legislation requires harmonization to ensure consistency between the regulations and the 

enforcement of these regulations. The regulatory process must be flexible enough to 

reflect regional and sectoral differences, and provide for a fair regulatory environment. 

The current regulatory environment does not provide adequate regulatory certainty as the 

defence of due diligence is not sufficient, especially without guidelines on acceptable or 

prohibited activities. 

 

Moving forward 

 

Regulators have the opportunity to drive incidental effects discussions and the 

development of codes of practice, conservation plans, best management practices (BMPs) 

or Operational Statements. All stakeholders need to be encouraged to participate in the 

process of developing these BMPs. Transparent and effective consultations are key to the 

overall acceptance and willingness to use and apply these documents. The oil and gas 

sector has already developed and supports the use of BMPs (for example, the 

development of BMPs for activities in caribou ranges).  

 

Conservation and protection are emerging themes across several aspects of federal and 

provincial environmental jurisdictions. Additional forethought is expected prior to 

development through integrated land-use planning. Regulators expect cooperation 
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between different stakeholders to reduce their overall footprint on the landscape. While 

many oil and gas companies try to do this, there are unwilling stakeholders who do not 

want to take part in the process; and they are not required to do so. The challenge of the 

oil and gas industry is to try and engage all interested parties to share information and 

work together cooperatively. At the same time, there must be a level playing field for all 

stakeholders. We believe that many stakeholders do have the common goal of 

minimizing environmental impact and the regulatory environment needs to improve to 

make it happen.  

 

 

9. Effectiveness of above-ground pipeline crossing structures for wildlife 

movement  
 

Bridget Dunne, Faculty of Environmental Design, University of Calgary, Calgary, AB 

bmdunne@ucalgary.ca 

Michael Quinn, Faculty of Environmental Design, University of Calgary, Calgary, AB 

Roger Creasey, Shell Canada Energy Limited, Calgary, AB 

Danah Duke, Miistakis Institute for the Rockies 

 

Project rationale 

 

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. The majority of the provinceôs oil and gas reserves (approximately 

80%) cannot be extracted through conventional open pit mining as the reserves are too far 

below the surface. The most common method of extraction from these reserves is in situ 

development, which requires above-ground 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 a physical 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 are two 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 benefits 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.  

 

Research questions 
 

Three research questions were addressed in this study. The first was to understand how 

wildlife interacts with above-ground pipelines. A range of pipeline heights were 

monitored to identify the pipeline clearances required for carnivores, deer, and moose to 

cross. This provided an understanding of wildlife interactions and barrier effects due to 

mailto:bmdunne@ucalgary.ca
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above-ground pipelines in order to address the second question of how wildlife interacts 

with pipeline crossing structures. Finally, we analyzed how effective pipeline crossing 

structures are in facilitating wildlife movement. 
 

Study area 
 

This research was completed at Shell Canadaôs Peace River complex, 55 km northeast of 

the town of Peace River in northern Alberta. Two study sites were used: the crossing 

structure area with five crossing structures, and a control area without any crossing 

structures. 
 

Three types of pipeline crossing structures have been used to date: a culvert style, 

wooden/earthen style, and an earthen style. The first two have only been monitored 

during environmental impact assessments, and no long-term studies have been completed 

to determine their efficacy. My study used earthen structures as shown in Figure 1, 

costing approximately $37 000 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 the long term.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Construction of earthen pipeline crossing structures. 
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How do wildlife interact with above-ground pipelines? 

 

During winter snow tracking, 330 tracks were recorded in the structure area and 290 in 

the control area. The winter of 2006ï2007 had 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 pipeline, or moving parallel 

to the pipeline (as shown in Figure 2). Coyote, lynx, deer, wolf, and 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: Crossing, deflecting and paralleling the pipeline. 

 

Snow depth, pipeline height, distance to moose habitat, distance to water, and distance to 

roads were used to analyze moose movements through t-tests, ANOVA, and logistic 

regressions. Moose deflection sites were located at 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 (83.3%) and control (85.7%) 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 while 11 occurred at 

the structure area, built in 2006. Thirty of 37 moose movements were observed 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, lynx, and 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 ranging from 115 to 200 cm with an average of 

190 cm. The locations where moose crossed the pipeline with a clearance less than  

140 cm were calves or cows with calves. Adult moose crossed the pipeline 84.8% of the 

time with a clearance of at least 140 cm. Of these crossings, the majority (43.5%) 

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 Figure 3. 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. Parallel movement was defined as an animal making no 

attempt to approach the structure and instead, walking along the pipeline right-of-way.  

 

 

                
 

Figure 3: Crossing, deflecting and paralleling the crossing structure. 

 

Due to bear attacks and heavy snowfall the 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, weekend-weekday, and day-night 

comparisons. Snow depth, pipeline height, distance to moose habitat, distance to 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 high snow depths. The crossing structures were used by all species, 

mostly by deer, moose, coyote, bear, lynx, and then wolf. The pipeline height adjacent to 

the crossing structure greatly influenced success rate, with lower pipeline heights (< 115 

cm) acting to funnel animals toward the structureðsimilar to fencing funnelling wildlife 

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 the structure 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 structure, so wildlife were 

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 recorded 68.6% of moose 

crossings. 

 

Do crossing structures facilitate wildlife movement? 

 

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 separately for moose 

alone. Despite coyote and deer being capable of crossing the pipeline at lower pipeline 

heights these species used the structures frequently. Two bears, two lynx, and one wolf 

approached and successfully crossed at least one structure. This was surprising as these 

species typically 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 (88.2%), with 229 total movements (68.6%). 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 allow wildlife to cross above-ground 

pipelines. Structures should be built with a 3:1 incline, 4 m on top, and vegetated. 

Ensuring a low pipeline height between structures (< 115 cm) will funnel wildlife toward 

the structures. Elevated sections of pipeline (> 180 cm) are also effective in facilitating 

wildlife movement. Wildlife crossing structures or sections of elevated pipeline should be 

placed every 400 m to facilitate moose movement.  

 

When structures or elevated sections of pipeline are not used, above-ground pipelines 

should be built with a clearance of at least 140 cm to allow moose movement. This can be 

achieved following construction by modifying the ground underneath the pipeline. 

However, this can only occur in dry areas to avoid flooding. The 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. Pipelines should be 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 

monitoring plans to better understand effective means of promoting wildlife movement 

across pipelines. Long-term 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.  

 

I 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 throughout the project.  
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10. Wabamun: A large scale spill response in a prairie lake 
 

Luanne Patterson, Canadian National Railway Company, Surrey, British Columbia 

luanne.patterson@cn.ca 

Brian Pimblett, Canadian National Railway Company, Surrey, British Columbia 

 

In the early morning hours of August 3, 2005, westbound train 30351 03 derailed at mile 

49.4 of the Edson Subdivision, approximately 75 km west of Edmonton, Alberta. Forty- 

three cars derailed in the community of Whitewood Sands along side Wabamun Lake. Of 

the 140 cars on the train, 25 cars of Bunker C oil, one car of ñpole treating oilò (PTO), 

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

Eleven cars of Bunker C oil and one car of PTO leaked all or part of their contents with a 

portion entering Wabamun Lake.  

 

Two major responses ensued: derailment site containment and cleanup, and lake 

containment and recovery operations. Within hours of the spill, the derailment site was 

contained with earthen berms, bell holes, and vacuum operations. Lake operations began 

the same morning. By the end of the day, 30 response crew using six boats had deployed 

4500 ft of absorbent boom and 1000 ft of containment (river) boom.  

 

Derailment site containment and cleanup 

 

Derailment site remediation required the excavation and replacement of 5059 tonnes of 

PTO contaminated soil and 17 472 tonnes of Bunker C contaminated soil from the 

railway grade and adjoining residential properties. The pole treating oil, a light diesel-like 

product used as a carrier for the wood preservative pentachlorophenol, but not yet 

containing the compound, travelled overland in the railway ditch 150 m east, before 

reaching a sand lens and infiltrating to the groundwater table. It subsequently was 

observed seeping from the railway grade at the location of an old wood-stave pipe 

(Golder 2006a). A Vacuum Enhanced Recovery System (VER) was installed at this site 

to treat PTO-impacted soil and groundwater. The system uses a vacuum applied to a 

series of twenty, 2 inch recovery wells to recover three phases (vapour, groundwater, 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 filter, and a clay 

and carbon tertiary polisher. Treated water is discharged through 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 recovered from the lake through absorbent materials, harvested 

oiled reeds, submerged oil, or 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 C spilled  712 500 L 

Bunker C free product recovered 320 000 L  
Bunker C in contaminated soil 231 000 L  
Bunker C in sludge 12 000 L  
Remaining product  149 500 L 

   

PTO spilled  88 000 L 

PTO free product recovered 28 260 L  
PTO in contaminated soil 11 000 L  
PTO VER 7946 L  
PTO loss via volatilization Unknown  
PTO commingled with Bunker C Unknown  
Remaining product  3000ï6000 L

1
 

1
 Calculated based on observations in the monitoring well network (Mitton and Pimblett 2006). 

 

Following the remedial excavation, removal of cars, track reconstruction, and the 

placement of over 22 000 tonnes of clean backfill, extensive landscaping was required to 

restore affected residential properties, a small public park, and the CN right-of-way. 

 

Lake containment and recovery operations 

 

Overall management of lake operations was lead by CN Environment and CNôs spill 

response management company, Eastern Canada Response Corporation, using the 

Incident Command System. Eastern Canada Response Corporation deployed a spill 

management team averaging 15 people throughout the 2005 response effort. More than 

20 contractors reported to CNôs two primary response contractors, Hazco Environmental 

and Quantum Remediation. Eastern Canada Response Corporation prepared detailed 

operation plans including a General Operating Plan covering the duration of the 2005 

response, 7-day plans, daily Next-day Operating Plans, and daily Status Reports. 

 

Shoreline cleanup assessment technique 

 

Assessment of oiled shorelines and reedbeds was co-ordinated through Eastern Canada 

Response Corporation with the participation of Alberta Environment, Environment 

Canada, Canadian Wildlife Service, Alberta Sustainable Resource Development, CN, and 

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

based on individual specialities and mandates to assess hard shorelines and reedbeds. 

Shoreline assessments were completed on foot for all 66 km of Lake Wabamunôs 

shorelines. Reedbed assessment transects were undertaken by foot or kayak with 

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

process called Shoreline Cleanup Assessment Technique delineated the lake shoreline 
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into divisions and shoreline segments based on shoreline type (Owens and Sergy 2000). 

Each segment was marked in the field, GPS coordinates taken, and data collected on 

ground features, access, and oiling conditions. These detailed Shoreline Cleanup 

Assessment Technique surveys were completed according to Environment Canada 

protocols and formed the basis of cleanup operations.  

 

Resources 

 

Equipment resources included 72 000 feet of containment boom deployed within the first 

week, and a total of 529 000 feet of absorbent boom in 2005. Up to 25 boats were on the 

lake with ground support by 16 vacuum trucks and five mini-vacuums, and air support by 

two helicopters. Staffing levels peaked at 477 employees, with 135 First Nations workers 

on the shoreline fronting the Paul First Nations Reserve, totalling over 300 000 man-

hours in the three-month work period in 2005. Approximately 6500 m
3
 of oiled reeds and 

debris was disposed of in 2005. 

 

In 2006, operations peaked at over 70 employees per day totalling over 50 000 man-

hours. Support was provided by five jet boats, five vacuum recovery/low pressure 

flushing units, and five sea-trucks. An estimated 1900 m
3
 of oiled reeds and debris was 

disposed of in 2006. 

 

Oiled wildlife response 

 

Oiled wildlife was a large component of the response and fully integrated in CNôs 

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, monitoring, and hazing operations. 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 wildlife ñhospitalò was formed in a warehouse in the nearby town 

of Spruce Grove. Sixteen Focus Wildlife staff, local veterinarians, and 1600 volunteers 

assisted in the creation of a full-fledged hospital housing hundreds of wildlife at a time. 

Hospital facilities included intake (admissions), triage, stabilization, wash, drying room, 

conditioning pools, animal kitchen, in-house laboratory, necropsy facilities, biological 

waste and wastewater management, intensive care unit, and facilities for volunteers 

including registration, lounge, kitchen, and training. Specialized equipment and materials 

were sourced throughout North America. Thirty-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 25%. This statistic compared favourably to 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 collecting 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, beacons, and pyrotechnics were 
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implemented in fall 2005 and summer/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 second day winds 

changed to northerlies and pushed the large slicks and oil ribbons across the lake and 

onto the southern shoreline. Within two days nearly two-thirds of Wabamun Lake had 

been impacted by floating oil. A portion of the floating oil subsequently came into 

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) (Parker-Hall and 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 previously impacted. 

 

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 validus and coated the outer layer with a sticky or tacky coat. Wind and wave 

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 non-sticky asphalt-like 

surface of the reeds, although summer sun and heat did ñmeltò the oil on occasion. To 

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 cut at depth near the 

substrate to facilitate oil recovery. Waste reeds were collected and shuttled from various 

locations around the lake in sea-trucks to waste collection areas and trucked to landfill.  

 

Submerged and sunken oil recovery 

 

Submerged oil and the potential 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 oil might be present on the lake bottom in 

deeper water. Numerous techniques were undertaken to assess for the presence of sunken 

oil including black and white video transects, dive transects, weighted sorbent diaper 

drops, and remotely operated vehicle colour video transects. No evidence was shown for 

the presence of sunken oil and it was concluded that no pool of sunken oil existed.  

 

Submerged oil, tarballs, and tarmats were highly visible and persistent along some 

sections of the shoreline. A number of techniques were used to remove submerged oil 

including manual removal using nets and screened forks. Vacuum systems were 

developed using a two or three inch trash pump on a boat with an intake hose manually 

operated by a crew member either in the water or by boat. The discharge hose was 

directed into a fine mesh-screened sieve allowing the debris and tarballs to remain while 

draining the water away. This method proved very useful in circumstances where 




