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FORT LIARD AREA CUMULATIVE IMPACTS MAPPING PROJECT 
 

Introduction 
 
On February 9, 2002, Cizek Environmental Services was contracted by the Canadian 
Arctic Resources Committee and the Canadian Parks and Wilderness Society to complete 
the following tasks by March 31, 2002. 
 
Task #1: Prepare regional map around Fort Liard showing existing activities 
 
A regional map showing a study area of approximately 100km by 100km around Fort 
Liard would be prepared at a scale of approximately 1:1 Million. This map would 
incorporate the following data sources: 
 

1.  All weather and seasonal roads 
2.  Hydrology 
3.  Topography 
4.  Land Use Permits and Surface Dispositions 
5.  Oil and Gas Rights 
6.  Well Sites 
7.  NEB Historic Seismic Lines (1958-1992) and Cut-Lines (from 1:250K 

National Topographic Series) 
8. Pipelines 

 
Many any of these data such as roads, seismic lines, and forestry activities would have to 
be updated by accessing land use permit records and manually digitizing features. The 
map would include as much detail as possible for all the activities. A table summarizing 
the activities by type, number, time period, and physical footprint would also be 
produced. 
 
Task #2: Air photo time series for detailed study area 
 
Small-scale vertical aerial photography (1:20,000 to 1:50,000) covering approximately 
10km x 10km would be obtained for a detailed study area such as the Pointed Mountain 
gas field. Depending on availability, air photographs showing the following phases would 
be obtained: 
 

a)  No industrial activity (pre-1960) 
b)  Exploration (1960-70) 
c)  Beginning of Production (1970-1980) 
d)  Recent Status (1980-2001) 

 
The air photographs would be scanned to produce high-resolution graphic images, 
interpreted, and annotated to depict changes in the types of industrial activities. 
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Task #3:  Ecological impacts using GLOBIO methodology 
 
The recently developed United Nations Environment Program (UNEP) “Global 
Methodology for Mapping Human Impacts on the Biosphere” (GLOBIO) 
(www.globio.info/regions/polar) has been applied to the circumpolar arctic. Based on a 
literature review of over 600 scientific field studies, GLOBIO has approximated the 
spatial impact of industrial development in arctic regions within the following categories: 
 

1) Reduced survival and/or abundance of birds (0-1km from infrastructure) 
 
2) Reduced survival and/or abundance of large mammals (0-3km) 

 
3) Cumulative effects on flora and fauna, including shifts in insect 

composition, food chains, hydrology, predation patterns, etc. (0-20km) 
 

4)  Areas with no disturbance (>20km) 
 

The GLOBIO methodology would be applied to the existing regional map prepared under 
Task#1 to determine the current spatial impact of industrial activities on the study area. A 
map showing the impact zones, including overlaps in impact zones from multiple 
activities, would be produced.   
 
Using the summary data table of current industrial activities prepared under Task #1, a 
forecast of possible activities would be prepared for the years 2010 and 2050 resulting in 
two additional maps.  The forecast might be based on a regression analysis of the number 
of industrial activities that have historically occurred per year using digital land use 
permits, wells, seismic line data coded by year, or simply by applying an annual growth 
rate such as 3%. Predicted future industrial activities would be digitized in plausible 
locations. The GLOBIO impact zones would then be calculated for the forecast activities. 
 
Deliverables would include a written plain language description defining cumulative 
effects, a description of the maps/photographs, and methods used. High-resolution digital 
images would be delivered to a graphic artist for poster layout and design. 
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Study Area 
 
The study area, covering an area of approximately 
14,173  km2 , was generally defined as the NWT 
portions of National Topographic Series 
1:250,000 map sheets 95B “Fort Liard” and 95C 
“La Biche River”  in order to simplify digitizing 
from hard-copy maps.   Specifically, the study 
area extends northward from the British Columbia 
border at 60°N to 61°N and westward from 
122°W to the Yukon border and its intersection 
with 124°50’W.   
 
Hardware and Software 
 
Spatial data were processed using ArcView3.2 in 
a WindowsXP operating system running on a Dell 
Inspiron 8100 with 1GHz PentiumIII, 256MB 
RAM, and 32MB Video RAM.   Digitizing was 
conducted on a 36”x48” Summagraphics IV tablet. 
 
Data Acquisition 
 
The following table shows existing data that were obtained and clipped (i.e. cropped) to 
the study area to form the base map: 
 
Feature(s) Source Scale 
Rivers, Lakes, Elevation, 
and Communities 

Vmap, Digital Chart of the World, US National Imagery 
and Mapping Agency 
www.tmpo.nima.mil/mel/metadata/vmap0.meta.html 

1:1Million 

Historic Well Sites and 
Seismic Lines 

R.W. Klaubert.  Regulatory Information Administrator, 
National Energy Board, Calgary. rklaubert@neb-one.gc.ca 

point data 

Roads and Cut-Lines National Topographic Digital Base Maps,  95B and 95C 
www.cits.rncan.gc.ca/ 

1:250,000 

Oil and Gas Rights Oil and Gas Rights Digital Files, Northern Oil and Gas 
Directorate, DIAND 
http://www.inac.gc.ca/oil/act/Lan/dig/index_e.html 

unknown 

 
At first, we attempted to identify land use permits and surface dispositions using the Land 
Information Management System (LIMS) point data from Information Management 
Group, DIAND in Yellowknife.1 These point data were clipped to the study area and a 
spreadsheet list of file numbers was generated.  This list was taken to the Mackenzie 
Valley Land and Water Board (MVLWB) office to obtain further attribute information 
and maps that could be digitized.  We quickly concluded that it was impossible to digitize 
or interpret most of these maps due to huge variation in scale, lack of registration points, 
and absence of projection information.  Further, the MVLWB does not lend out maps 
                                                 
1   Terry Ostrom, Head, Information Management Group, DIAND, Yellowknife. ostromt@inac.gc.ca 
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from the public registry as a matter of policy, so only a maximum size of 11”x17” 
photocopies could be obtained. 
 
Instead, we turned to DIAND Land Administration, in Yellowknife, which tracks land 
use permit and surface disposition data by manually drafting points, lines, and polygons 
with file numbers onto 1:250,000 and 1:50,000 National Topographic Series mylar 
sheets.2  Copies of map sheets listed below were obtained in February and March, 2002.  
Land use permits and surface dispositions were digitized and feature-coded according to 
file number.  
 

Surface Dispositions 
Map Sheet Scale Last Updated 
Fort Liard 95B 1:250,000 unknown 
LaBiche River 95C 1:250,000 unknown 
Betamalea Lake 95B/4 1:50,000 unknown 
Fort Liard 95B/3 1:50,000 unknown 
No Name 95B/6 1:50,000 unknown 
No Name 95B/12 1:50,000 unknown 
Fisherman Lake 95B/5 1:50,000 06/15/01 

Land Use Permits 
Fort Liard 95B 1:250,000 unknown (first “historical series”) 
Fort Liard 95B 1:250,000 unknown (second “historical series”) 
Labiche River 95C 1:250,000 unknown (first “historical series”) 
Labiche River 95C 1:250,000 unknown (second “historical series”) 
Fort Liard 95B 1:250,000 06/12/00 
Fort Liard 95B 1:250,000 12/12/01 
LaBiche River 95B 1:250,000 19/06/01 

 
 
In reviewing the MVLWB on-line database (www.mvlwb.com), it was noted that two 
recent land use permits for 3D seismic programs had not been drafted on the mylar map 
sheets.  After a special request, the maps in the following were borrowed from spare 
reports at the MVLWB for digitizing and feature-coding: 
 

Land Use Permit Project Scale 
MV2001B0009 Paramount Arrowhead 3D Seismic 1:50,000 
MV2001B0091 Anadarko 3D Seismic 1:50,000 

 

                                                 
2  Sandra Bradbury, Land Administrator, Land Administration, DIAND.  Yellowknife.  
bradburys@inac.gc.ca 
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The following table shows numbers of individual land use permit or surface disposition 
files, representing over 600 multiple points, lines, and polygons, which were digitized 
and feature-coded from the above-listed map sheets: 
 

Surface Dispositions 
Points 31 
Lines 39 
Polygons 13 
Sub-Total 83 

Land Use Permits 
Points 48 
Lines 131 
Polygons 21 
Sub-Total 200 
TOTAL 283 

 
The surface dispositions on the Land Administration mylar sheets had file numbers and 
brief descriptions of land uses.  However, the file numbers on the mylar map sheets do 
not correspond with file numbers in the LIMS point database.  By overlaying the two 
datasets in the GIS, it was possible to manually cross-correlate the features digitized from 
the mylar sheets with more detailed attributes containing status dates and parcel sizes in 
the LIMS database.  These attributes were then feature-coded into the digitized surface 
disposition points, lines, and polygons. 
 
It proved considerably more difficult to identify the specific types of land uses associated 
with each land use permit.  Land use permits administered by the MVLWB since March 
2000, including the transitional files,3 were quickly identified using the web-site 
containing land use permit applications as Acrobat .pdf files (www.mvlwb.com).  Due to 
time constraints, it was impossible to search the hard-copy public registry to identify any 
subsequent amendments to these land use permits.  All land use permit files approved 
before the establisment of the MVLWB are located at the DIAND Regional Office in 
Fort Simpson, where there is only one land use inspector staffing the whole Deh Cho 
region.4  He has been able to identify specific land uses associated with a few additional 
older files during his limited spare time.  It should also be noted that land use permit files 
are micro-fiched and then destroyed seven (7) years after closure.5   

                                                 
3   Transitional files are land use permits that were still active when the MVLWB was established. 
 
4   Dan Quevillon.  RMOIII, Land Use Inspector, Fort Simpson Regional Office, DIAND. 695-2626 
 
5   Sandra Horne, Land Administration, DIAND.  Personal Communication. March, 2002. 
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Thus, the total number of land use permits where specific land uses have been identified 
are limited to those shown in the following table: 
 

Feature Type Number of Land Use Permits 
with Specific Land Uses 

Identified 

Number of Land Use Permits 
Digitized 

Points 17 48 
Lines 33 131 
Polygons 7 21 
TOTAL 57 200 

 
All land use permit points, where specific land uses have not been identified, coincide 
with the National Energy Board well-site database.  In addition, all the land use permit 
polygons, where specific land uses  have not been identified, are marked with the symbol 
“W”, indicating a logging or reforestation operation.  Indeed, several of these polygons 
cover the same area indicating multiple permit applications.  It should be noted that only 
the general polygons shown on the mylar maps were digitized because the exact cut-
blocks were not shown in enough detail on the 1:250,000 maps. 
 
Based on the limited evidence obtained, it appears that virtually all land use permit lines 
are seismic lines and/or winter roads.6   Once the land use permit lines had been digitized, 
they were overlaid in the GIS with the National Energy Board historic seismic lines 
(1957-1992) and the cut-lines from the 1:250,000 National Topographic Digital Base 
Maps (last updated in 1982).  It was discovered that there is inconsistent coverage among 
the three datasets.  In response to an inquiry, the National Energy Board stated:7 
 

Our digital data is supplied by the companies based on what they had in 
their databases in 1988 and the work that was done subsequently. We 
digitized additional lines for which we had seismic sections. Generally, 
the lines in our database are from 1974 (when seismic sections were 
first required) through the present. Almost all of the pre-1974 seismic 
is NOT in our database. There are some (few) earlier lines if the data 
was in the company databases at the time we gathered the data. 
 

As a result, all three databases were merged into one file in order to provide the most 
complete coverage possible for seismic lines.  Upon close examination, it was discovered 
that many seismic lines coincide very accurately, often joining up missing segments.  
Some exaggeration may occur in the GLOBIO impact analysis, where the same seismic 
line is shown in slightly different locations (typically <100m apart) due to mapping 
inaccuracies.  However, any exaggeration is compensated by the fact that there are 
missing seismic lines, even when all three databases are merged.  
 
 
 
                                                 
6   Since the Mackenzie Valley Resource Management Act required land use permits on all surface leases 
after 2000, there may be some land use permit lines coinciding with all-weather roads and pipelines. 
 
7   Rudi Klaubert.  Regulatory Information Administrator, National Energy Board, Calgary,  
rklaubert@neb-one.gc.ca.  Personal communication, February 28, 2002. 
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Current and Past Land Use in 2001 
 
Map #1 shows current and past land use in 2001.  The following table shows the physical 
footprint that was estimated from the acquired data. 
 
Land Use Type Source Time 

Period  
Limitations and Assumptions Estimated 

Physical 
Footprint 

Access roads, 
pipelines, 
producing wells, 
buildings, 
utilities 

LIMS, 
DIAND 

1961-
2001 

Only active leases and titled lands 
included – inactive leases may still 
leave physical footprint.  Includes 
producing well-sites. 

24.86 km2 

Buildings, 
utilities 

Land Use 
Permits (mylar 
maps) Land 
Administration, 
DIAND 

1973-
2001 

Only includes land use permit points 
that are not well-sites and that do not 
correspond with surface dispositions.  
Two communications towers with 
access totalling 7.8 ha. 

0.08 km2 

Wells NEB 1957-
2001 

Only non-producing and non-leased 
wells are included.  67 wells x 
2.5ha/well  = 167.5 ha 

1.67km2 

Seismic Lines  NEB and Land 
Use Permits, 
(mylar maps), 
Land 
Administration, 
DIAND 

NEB 
(1957-
1972) 
DIAND 
(1973-
2001) 

Post-1973 seismic lines in NEB 
database removed to prevent double-
counting with land use permits.  Does 
not include any 1982 NTDB cut-lines to 
prevent double-counting.  Assumes 
3.75m width based on average of hand-
cut lines (1.5m) and cat-cut lines (6m).   
11,227 km x 3.75m  =  4,210 ha 

42.10 km2 

Public Highways NTDB 95B 
1:250,000 

1982 Includes Highway#7, Ft. Liard access 
road, and Nahanni Butte access road 
(which is being upgraded to all-weather 
road).  Does not include gravel pits. 
170 km x 60m = 1,020 ha 

10.20 km2 

Fort Liard Town-
Site 

NTS 95B/03 
1:50,000 

1986 Digitized from 1:50,000 map. 1.60 km2 

Logging Land Use 
Permits (mylar 
maps) Land 
Administration, 
DIAND 

1973-
2001 

Land use permit polygon data, which is 
somewhat larger that actual cut-blocks, 
but includes areas cleared for trails, 
scaling yards, and camps. 

67.00 km2 

Total Estimated Physical 
Footprint 

148 km2 

Study Area 14,173 km2 
Percent of Study Area 1.04% 
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Air Photograph Time Series for Detailed Study Area 

 
As outlined in Map#1, this series of aerial photographs covers a combined area of 
approximately 10 x 20 km around Amoco’s Pointed Mountain Gas Plant from 1961 to 
2001.  Pointed Mountain is in the southwest corner of the Northwest Territories on the 
west side of the Liard River at the southern tip of the Liard Range, approximately 25 km. 
NW of Fort Liard.  The development encompasses the area around the northwest end of 
Fisherman Lake at approximately 600 22’ N and 1230 56’ W.  The scale of the air photos 
ranges from 1:50,000 to 1:60,000.  
 
Amoco discovered gas at Pointed Mountain in 1967 and a gas plant and pipeline system 
were built in 1971-72, with production starting in 1972.8 Six wells are connected by 
feeder pipelines to a gas plant and main pipeline: Amoco A-1(P-53A), A-3(G-62), A-
4(A-55), B-1(O-46), and B-2(F-38).  The main underground pipeline runs south to Fort 
Nelson, British Columbia, connecting to the Westcoast Energy pipeline system.  
 
In 1994, the first call for exploration bids in 25 years was issued in the Fort Liard area. In 
2000, three other major gas wells (outside the area covered by the air photographs) were 
tied-in to the Pointed Mountain plant and pipeline: Ranger Oil’s P-66 and Chevron’s K-
29 and M-25.9 Wells F-25 and O-80 have also been tied in.  
 
 
 
 
 

                                                 
8 DIAND Oil and Gas Bulletin v 1(2) June 1994.  www.ainc-inac.gc.ca/oil/bul/Vol1_2_e.html 
 
9 DIAND Northern Oil and Gas Annual Report 2000 p. 11-12. www.ainc-inac.gc.ca/oil/PDF/report00.PDF 
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Photo #1 – 1961 – Pre-Development  
 
This photo was taken prior to the discovery of gas in the area by Amoco in 1967.  The 
northwest tip of Fisherman Lake is at the bottom of the photograph.  Pointed Mountain 
and the Liard Range are on the west side of the photo.  The area east of the mountains is a 
marshy plateau with small meandering streams flowing into Fisherman lake from the NE 
and NW. The area appears to be pristine except for a narrow road or track very close to 
the west side of Fisherman Lake. 
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Photo #2 – 1971 – During Construction 
 
By 1971, a substantial amount of development has taken place. An access road from the 
Liard River follows the southwest shore of Fisherman Lake to an airstrip, then forks 
twice into smaller roads leading to the well-sites, with the main road continuing on to a 
large, cleared rectangular area where the gas plant is located. The southernmost fork 
leads to well A-3 (G-62) and then forks north to well A-1 (P-53A).  The northerly fork 
leads to well A-2A (K-45) and then to well A-4 (A-55).  Just west of these wells, the 
access road begins to wells B-1(O-46) and B-2 (F-38), which are outside of this 
photograph. The feeder pipeline routes are not as clearly visible as the roads – one can be 
seen running from well A-3(G-62)  to A-1(P-53A), then curving in a long 900 arc east 
and north to just west of the gas plant where it angles sharply east to the gas plant.  
Another feeder pipeline runs from well A-4(A-55) to A-2A(K-45) then follows the access 
road to join the line to the gas plant.  The line from wells B-2(F-38) and B-1(O-46) runs 
from the north of the image to the line to the gas plant.  In addition, a substantial network 
of cut-lines criss-crosses the entire area – these are likely for seismic exploration, 
although some may also be small roads. The relative whiteness of the cut-lines is an 
indication that they are recent, although it will likely be decades before they have grown 
in, based on studies in northern Alberta.10  Note that this photo appears to have been 
taken before the main pipeline was built or the route cleared. 
 

 
                                                 
10 R. Schneider. 2001.  The Oil and Gas Industry in Alberta: Practices, Regulations, and Environmental 
Impact.  Draft Report. Alberta Centre for Boreal Research.  www.borealcentre.ca/reports/oil/oil.html 
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Photo #3 – 1995 - Production 
 
While much of the development from 1971 is less bright on the image, the main pipeline 
route is clearly visible extending from the SW corner of the gas plant more or less 
directly south, crossing the road just west of the airstrip, where it is paralleled by an 
access road.  The feeder pipeline routes are more defined than in the 1971 image. The 
access road to wells B-1(O-46) and B-2(F-38) can be seen extending north from just west 
of the A-2A(K-45)  access road.  By 1992, only well A-1(P-53A) was still producing gas, 
with two officially suspended and the rest plugged and abandoned.11  There is no sign of 
additional seismic work. While the cut-lines from 1971 are not as well defined in this 
photo, many are still clearly visible. 
 

                                                 
11 DIAND Northern Oil and Gas Annual Report 1995. www.ainc-inac.gc.ca/oil/PDF/report95.PDF 
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Photo #4 – 2001 – Recent Development    
 
There are signs of new activity on the eastern and northern portions of the image: the new 
tie-in pipeline’s route enters the image from the east crossing a small stream and 
continuing to the gas plant.  This line brings in gas from wells P-66, K-29 and M-25 and 
from F-25 and O-80.  A former access road to well K-29 extends north from the gas 
plant. 
 
The broader coverage of this image shows well-sites B-1(O-46) and B-2(F-38) in the NW 
of the image along with the feeder pipeline extending south beside the ridge in the 
middle-north of the image, and then down in a SE direction to the gas plant.  Also, the 
access road to these wells can be seen curving west and north from well-site A-2A(K-45) 
and switching back 4 times to the top of the ridge in the NW of the image.  Again there 
does not appear to be any additional exploration work but many 30-year-old seismic lines 
can still be clearly seen. 
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Estimated Cumulative Impacts in 2001 
 
The ecological footprint of human land use is far greater than its physical footprint.  In 
the past, it has been difficult to estimate the cumulative effects of land use on plants and 
wildlife.  The recent United Nations Environment Program (UNEP) “Global 
Methodology for Mapping Human Impacts on the Biosphere” (GLOBIO)12,13 has 
summarized and analyzed over 600 world-wide plant and animal impact studies to 
estimate types of impact zone and their distances from different land uses.  The following 
types of impact zones have been defined: 
 
Impact Zone Definition 
Reduced survival and/or 
abundance of birds 

A zone in which there is a high risk of reduced survival or abundance of 
birds based on > 50 bird species. 

Reduced survival and/or 
abundance of large mammals 

A zone in which there is a high risk of reduced survival or abundance of 
larger mammals based upon studies of most of the larger predators and 
ungulates 

Effects on plants, animals, and 
food chains14 

A zone in which there is a high risk of [cumulative] effects on 
ecosystem function, such as changes in proportions of organisms 
affecting food chains, increased numbers of generalist (“pest”) species, 
vegetation changes, overgrazing, increased risk of predation etc. 

Relatively intact 
ecosystems/wilderness 

No or few studies have documented or reported possible impacts.  
Increase in hunting pressure, tourism and human traffic must, however, 
be expected. 

 
The current GLOBIO methodology is limited to estimating cumulative effects on plants 
and wildlife - it does not provide a means of estimating cumulative effects on air, water, 
or socio-economics.

                                                 
12  United Nations Environment Program. 2001.  C. Nelleman et al.  GLOBIO.  Global methodology for 
mapping human impacts on the biosphere.  United Nations Environment Program/Division of Early 
Warning and Assessment/Technical Report 01/03.  Nairobi, Kenya. p. 9. www.globio.info/methodology 
 
13 GLOBIO2 – Methodology Version: 19/11/01. www.globio.info/methodology/globiomethodology.pdf 
 
14  For the sake of clarity and to avoid confusing different types of cumulative effects, we have re-named 
this zone “Effects on plants, animals, and food chains” from “Cumulative Effects on flora and fauna.” 
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As shown in the following table, GLOBIO has estimated these impact zone distances for 
the boreal forest. 
 
 Maximum distance of impact   
Land Use Type High risk of 

reduced survival/ 
abundance of 
birds 

High risk of 
reduced survival/ 
abundance of 
large mammals 

High risk of 
effects on plants, 
animals, and food 
chains 

Relatively 
intact 
ecosystems/ 
wilderness 

Human settlements  300 m 900 m 3,000 m > 3,000 m 
All-weather roads 300 m 900 m 3,000 m > 3,000 m 
Utilities, pipelines 150 m 450 m 1,500 m  > 1,500 m 
 
Due to its focus on small-scale mapping of large regions, GLOBIO has not defined 
impact zones for seismic lines and old well-sites.15  However, a recent study from 
northern Alberta identified these avoidance distances from seismic lines and old well-
sites for woodland caribou (Rangifer tarandus caribou),16 which we shall use as the 
“High risk of reduced survival/abundance of large mammals” impact zone for seismic 
lines and old wells.17 
 

Land Use Type Maximum 
avoidance distance 

Seismic line 250 m 
Old well-sites 500 m 

 
Regarding the width of seismic lines, the woodland caribou study stated that these 
seismic lines “generally” had a width of 5-8m, without distinguishing between narrower 
and wider lines.18  In this project, we were not able to distinguish between most 1.5m 
wide hand-cut lines and 5-8m wide bulldozer “cat-cut” lines, due to above-noted 
difficulties in specifically identifying land use permits.  Until more detailed research is 
carried out about the effects of seismic line width, we have no alternative but to assume 
the same impact zone for all seismic lines. 
 

                                                 
15 Dr. Christian Nellemann, Senior Officer, Norwegian Institute of Nature Research, Division for Man-
Environment Studies. Fakkelgården, Storhove, N-2628 Lillehammer, Norway. 
christian.nellemann@nina.no.  Personal communication, February 27, 2002. 
 
16 S. Dyer et al. 2001.  Avoidance of industrial development by woodland caribou.  Journal of Wildlife 
Management 65(3):531-542. The full thesis, as well as other woodland caribou studies, can be downloaded 
from the Boreal Caribou Research Program at www.deer.rr.ualberta.ca/caribou/bcrp.htm. 
 
17  There is a difficulty in equivocating the categories “High risk of survival/abundance of large mammals” 
with “Maximum avoidance distance” for woodland caribou.  However, substituting the “Maximum 
avoidance distance” for woodland caribou zones provides the best possible estimate until further field 
research becomes available. 
 
18 S. Dyer et al. 2001.  Supra. p.532. 
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Further, the woodland caribou study did not distinguish between seismic lines of different 
ages.    However, additional research from Alberta suggests that vegetation along most 
seismic lines is altered for several decades.19 
 

A study in northeast Alberta has demonstrated that only 11.9% of seismic lines older than 20 years 
(n=62) were sufficiently regenerated to meet Alberta Forest Regeneration Survey Standards 
(MacFarlane, 1999). Similar rates of failure of forest regeneration have been described in the East 
Slopes (Revel et al., 1984). A combination of several factors are likely responsible for the 
observed failure in regeneration, including bulldozer damage to root systems, competition by grass 
species, ongoing disturbance by all-terrain vehicles and snowmobiles, and insufficient light 
penetration (Revel et al., 1984; MacFarlane, 1999). 

 
This is corroborated by our previously-discussed analysis of the air photograph time 
series, where seismic lines cut in 1971 are still clearly visible in 2001 even at a scale of 
1:60,000. 
 

                                                 
19   R. Schneider. 2001.  The Oil and Gas Industry in Alberta: Practices, Regulations, and Environmental 
Impact.  Draft Report. Alberta Centre for Boreal Research.  www.borealcentre.ca/reports/oil/oil.html ; A. 
MacFarlane. 1992.  Revegetation of well-sites in the boreal forest.  University of Alberta Honour’s Thesis, 
Edmonton, AB. www.borealcentre.ca/reports/seismic.pdf; R. Revel et al. 1984.  Forest growth and 
regeneration along seismic lines.  University of Calgary Press, Calgary, AB. 
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Map #2 shows the cumulative impacts estimated in 2001.20  GLOBIO impact zones are 
used for settlements, roads, and utilities (buildings, pipelines, and producing/leased well-
sites).  Woodland caribou impact zones are used for seismic lines and non-producing 
well-sites.  Since the actual cut-blocks have not been digitized, the logging polygons are 
included as woodland caribou impact zones without an impact buffer.  Due to the absence 
of research quantifying impact zones, the “High risk of reduced survival/abundance of 
birds” and “High risk of effects on plants, animals, and food chains” impact zones are not 
used for seismic lines, non-producing well sites, or logging areas.21,22  
 
 Maximum distance of impact   
Land Use Type High risk of 

reduced survival/ 
abundance of 
birds 

High risk of 
reduced survival/ 
abundance of 
large mammals 

High risk of 
effects on plants, 
animals, and food 
chains 

Relatively 
intact 
ecosystems/ 
wilderness 

Human settlements  300 m 900 m 3,000 m > 3,000 m 
All-weather roads 300 m 900 m 3,000 m > 3,000 m 
Utilities, buildings, 
pipelines, 
producing/leased 
well-sites 

150 m 450 m 1,500 m  > 1,500 m 

Seismic lines n/a 250 m n/a > 250 m 
Non-producing 
well-sites 

n/a 250 m n/a > 250 m  

Logging polygons n/a Interior of polygon n/a Outside of 
polygon 

                                                 
20   By definition, points and lines do not represent any kind of “area” in the GIS.  Hence, the impact zones 
begin at the centre-point or centre-line of the real-world physical footprint.  In contrast, polygons are 
represented as “areas” within the GIS.  Hence, impact zones begin at the perimeters and extend into the full 
areas of the polygons.  Where multiple impact zones overlap, perimeters are dissolved in the GIS to avoid 
any double-counting. 
 
21   The Canadian Wildlife Service is conducting ongoing research on songbirds in the Liard Valley. 
Preliminary findings show that cut-blocks have lowest numbers of species (only 2 to 3) and the lowest 
numbers of birds.  “Liard Valley Songbird Project Update – March 2001,2000,1999” Craig Machtans, 
Canadian Wildlife Service, Yellowknife.  craig.machtans@ec.gc.ca 
 
22  The Department of Renewable Resources, GNWT conducted a survey of small mammals in relation to 
logging practices near Ft. Liard in 1993-1996, which showed that small mammal biomass declined by 23% 
one year after logging.  M. Bradley and L. Kearey. 1996.  Abundance of Small Mammals in Relation to 
Logging Practices Near Fort Liard, 1993-1996.  Unpublished manuscript, Department of Renewable 
Resources, Fort Smith, NT.  Mark_Bradley@pch.gc.ca 
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The following table summarizes the cumulative impacts estimated in 2001: 
 

Impact Type Area 
Impacted 

Percentage of 
Study Area 

High risk of reduced survival/ 
abundance of birds 

234 km2 1.7% 

High risk of reduced survival/ 
abundance of large mammals 

5,609 km2 39.6% 

High risk of effects on plants, 
animals, and food chains 

2,022 km2 14.3% 

 
The “High risk of reduced survival/abundance of birds” impact area is only slightly larger 
than the physical footprint area, estimated in Map#1.   This is because the “High risk of 
reduced survival/abundance of birds” impact area has not been included for seismic lines, 
non-producing well sites, and logging areas.  The “High risk of reduced 
survival/abundance of large mammals” impact area is by far the largest.  Where three 
dimensional seismic has been carried out with lines at less than or equal to 500m 
intervals, the complete blocks are included as impact areas. 
 
Cumulative Impacts Forecast for 2010 and 2050 
 
Number of wells drilled per year (1957-2001) and linear km of seismic lines cut per year 
(land use permits 1980-2001) are used to forecast the 2010 and 2050 scenarios using 
linear regression.23   These variables have been selected for two reasons.  Firstly, they are 
the only two datasets that have reliable and consistent coding by year.  Secondly, it is 
reasonable to assume that the location of producing wells determines construction of 
roads and pipelines (instead of the converse).  Due to the lack of sufficient historical data, 
no attempt has been made to forecast the growth of settlements, highways, other 
utilities/buildings, or logging. 
 

                                                 
23  QuattroPro Version 8 spreadsheet software was used for the regression analysis.  Correlation statistics 
were compared for linear and exponential regressions of the well and seismic line data using the @LINEST 
and @LOGEST functions.  For both datasets, the co-efficient of determination (r2) was higher for the linear 
regression formula than for the exponential regression formula, indicating that the linear regression formula 
would provide a more accurate forecast.  Nevertheless, the linear regression forecasts must be treated with 
caution, as the co-efficients of determination are close to zero for both wells (r2 = 0.051547) and seismic 
lines (r2 = 0.123155), indicating low levels of correlation.  Linear regression forecasts were then calculated 
using the @FORECAST function for both datasets. 
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The following chart illustrates the number of wells drilled per year from 1957 to 2001 as 
well as a linear regression forecast from 2002 to 2050.  Historically, drilling activity has 
been very irregular.  Peaks of activity immediately follow the issuance of new 
exploration licenses, such as in 1995. 
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The following table shows the historical and forecast cumulative total number of wells 
drilled by time period.  It also estimates the number of future producing wells based on 
the historical success rate. 
 

 1957-2001 2002-2010 2011-2050 
Producing Wells 15 (18.3%) 6 37 
Total Wells 82 35 201 
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The following chart illustrates the linear km of seismic lines cut per year from 1980 to 
2001, as well as a linear regression forecast from 2002 to 2050.  The land use permits 
lines dataset is used due to its relative completeness compared to the NEB Historical 
Seismic Lines (the NTDB cut-lines are not coded by year).  However, only land use 
permits from 1980 onwards are included, as the land use permits from the 1970’s do not 
have an explicit years noted in the file numbers.  As noted previously, some of the lines 
in the land use permits dataset may be roads or pipelines, thus exaggerating the amount of 
seismic shot.  On the other hand, this is compensated by the fact that some seismic lines 
are missing from the manually drafted mylar maps. 
 
The total linear km of seismic shot per year was very irregular.  The largest peak in 2001 
(2,264 linear km) is largely due to the Paramount-Arrowhead and Anadarko 3D Seismic 
programs, which account for 1,961 linear km combined.  
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The following table summarizes the historical and forecast cumulative linear km of 
seismic shot by time period. 
 
 
 

 1980 - 2001 2002 - 2010 2011 - 2050 
Linear km of seismic shot 8,494 km 7,404 km 59,471 km 
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Maps #3 and #4 show cumulative impacts forecast for 2010 and 2050.  New producing 
well-sites were placed in plausible locations near intense exploration activity and 
connected to existing road and pipeline infrastructure.  To simplify the seismic forecast, a 
section of 3D seismic with a total 500 linear km was copied into plausible locations to 
fulfill the forecast linear km of seismic.  The forecasts are limited by the following 
assumptions: 
 

1. Past growth is an accurate linear prediction of future growth. 
 

2. Additional producing wells will be discovered at the same rate as 
historically. 

 
3. Future seismic will involve all 3D programs, eventually across virtually 

the whole study area. 
 

4. Exploration and production technologies will remain the same. 
 

5. The total area impacted depends on how close new producing well sites 
are placed together and to existing infrastructure such as roads and 
pipelines (i.e. under the GLOBIO model, wells close together will have a 
lower impact area than wells far apart). 
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The following table shows the areas of cumulative impacts forecast for 2010 and 2050 
against the baseline of 2001: 
 

 2001 2010 2050 
Impact Type Cumulative 

Impact 
Area 

Portion 
of Study 
Area 

Cumulative 
Impact 
Area 

Portion 
of Study 
Area 

Cumulative 
Impact 
Area 

Portion of 
Study 
Area 

High Risk of 
reduced survival/ 
abundance of birds 

234 km2 1.7% 299 km2 2.1% 533 km2 3.7% 

High risk of 
reduced survival/ 
abundance of large 
mammals 

5,609 km2 39.6%  6,997 km2 49.3% `14,107 km2 99.5%24 

High risk of 
effects on plants, 
animals, and food 
chains 

2,022 km2 14.3% 2,541 km2 17.9% 4,118 km2 29.1% 

 
Once again, the largest impact area is “High risk of reduced survival/abundance of large 
mammals” largely due to the growth of seismic lines.  By 2010, it is forecast that this 
impact area would cover almost half of study area.  By 2050, it is forecast that this impact 
area would cover virtually all of the study area.  While woodland caribou and other large 
mammals might be extirpated, populations of moose (Alces alces) might increase due to 
the increased edge-effect and pioneer vegetation.25  

                                                 
24   Although the seismic forecast for 2050 exceeds the size of the study area, it is assumed that no seismic 
would be permitted around Fisherman and Bovie Lakes, as these areas have been designated as “exclusion 
zones” by the Acho Dene Koe First Nation. 
 
25  A.R.C. James. 1999.  Effects of industrial development on the predator-prey relationship between 
wolves and caribou in north-eastern Alberta.  Doctoral dissertation, University of Alberta, Edmonton, AB. 
www.deer.rr.ualberta.ca/caribou/bcrp.htm 
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As shown in the following chart, not only is the “High risk of reduced 
survival/abundance of large mammals” impact zone the largest area, it is also forecast to 
grow at the fastest rate.   In contrast, producing wells, access roads, and pipelines are 
forecast to generate a cumulative impact on less than one-third of the study area 
according to the 2050 forecast.   
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Conclusions and Recommendations 
 
This study has demonstrated that application of the GLOBIO methodology is a relatively 
quick and inexpensive method for broad-level and generalized cumulative impact 
assessment in a small region of the NWT.  The speed and simplicity of this approach also 
makes it useful for strategic planning and scenario-building.  Similar studies should be 
carried out in other areas undergoing accelerated resource extraction such as the Slave 
Geological Province and the Mackenzie Delta. 
 
This study’s most important finding is that current and future forecast cumulative impacts 
of seismic exploration are likely far greater than the cumulative impacts of actual 
hydrocarbon production itself.  The possible extent of all impacts underlines the need for 
NWT agencies to quickly establish a cumulative effects assessment framework (including 
thresholds and limits of acceptable change), land use planning, and a representative 
network of protected areas. 
 
Specific recommendations are presented in the areas of data management, study 
refinement, and directions for further research. 
 
Data Management 
 
As noted above, the acquired datasets have the following limitations: 
 

1. The manual drafting accuracy and the completeness of the mylar map 
sheets from DIAND Land Administration are not known. 

 
2. Specific land uses were identified for only 57 out of 200 land use permits 

due to the lack of resources at the DIAND Regional Office in Fort 
Simpson. 

 
3. An archival search of micro-fiches would have to be done to identify 

specific land uses for land use permits closed prior to 1995 as the paper 
files have been shredded. 

 
4. Possible amendments to the land use permits are not known.  They are 

added to the files on a chronological basis and not necessarily drafted on 
the mylar sheets. 

 
5. Surface dispositions are coded differently on the DIAND Land 

Administration mylar map sheets and on the LIMS database, making 
electronic integration impossible. 

 
6. The National Energy Board historic seismic line database is incomplete 

and the cut-lines from the National Topographic Digital Map date from 
1983. 
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7. Since there have never been more than two land use inspectors on staff at 
the DIAND Regional Office in Fort Simpson, the real-world ground 
accuracy of any paper or electronic data is not known. 

 
Since cumulative impact assessment requires knowledge of past land uses, focused effort 
must be directed at establishing a GIS database of past surface dispositions and land use 
permits.   
 

1. DIAND Land Administration should make a concerted effort to digitize 
the manually drafted surface dispositions and integrate them with the 
LIMS database.  

 
2. An integrated, real-time, and publicly-accessible electronic GIS database 

for all land use permits and surface dispositions is required if NWT 
agencies are to develop any meaningful capacity to conduct cumulative 
effects assessment.  The establishment of a GIS at the MVLWB and the 
requirement that proponents submit GIS “shapefiles” of their projects is a 
good first step.  It is also essential that proponents be required to provide 
detailed attribute data within these GIS “shapefiles” fully describing the 
proposed land uses.  Further, the MVLWB must regularly update the GIS 
database, including all amendments.  Finally, proponents should be 
required to submit “as-built” GIS “shapefiles” based on Global 
Positioning System (GPS) surveys of actual land uses, which could be 
verified by land use inspectors using GPS. 

 
3. As noted above, creating a GIS database of seismic lines is most 

problematic.  An expensive, but feasible, solution would be to regularly 
acquire high-resolution satellite imagery such as Radarsat or IRS 
(www.rsi.ca) to update all seismic lines, as well as other land uses.  
Radarsat1 has a pixel resolution of 8m at a cost of $2/km2 while IRS has a 
pixel resolution of 5m at a cost of $5/km2.  To be launched in late 2003, 
Radarsat2 will have an ultra-fine resolution of 3m.   

 
Study Refinement 
 
This study of the Fort Liard area could be further refined by: 
 

1. Identifying all the specific land uses for the land use permits through a 
complete search at the Fort Simpson DIAND office and an archival search 
of the microfiches. 

 
2. Applying different assumptions about impact zone distances based on 

seismic line width and age. 
 

3. Incorporating the growth of logging through detailed research of forestry 
licenses and cut-block records. 
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4. Incorporating the growth of the Fort Liard town-site through a population 

projection model. 
 

5. Conducting alternative forecasts and scenarios of future development that 
draw on expert opinions from hydrocarbon geologists, engineers, and 
economists. 

 
Directions for Further Research 
 
Additional basic research that should be conducted in the NWT boreal forest includes: 
 

1. Analysis of the preliminary results from the recent Deh Cho region 
woodland caribou aerial survey26 to determine if there are significant 
differences in the woodland caribou abundance between developed and 
undeveloped areas. 

 
2. Replication of the northern Alberta woodland caribou study27 in the NWT 

boreal forest to quantify woodland caribou avoidance of industrial 
development, particularly distinguishing between width and age of seismic 
lines. 

 
3. Evaluation of the natural re-vegetation success of old seismic lines and 

well-sites as well as restoration success of abandoned former producing 
wells, pipelines, and access roads. 

 
4. Continuation of songbird studies by the Canadian Wildlife Service, 

particularly to quantify the edge-effects of seismic lines and logging cut-
blocks.  

 
5. Evaluation of whether new low-impact technologies for oil/gas 

exploration could reduce cumulative effects.  These technologies include: 
 

a) Under canopy GPS seismic surveys that eliminate the need to even 
hand-cut open straight lines (e.g. www.paladinsurvey.ca) 

 
b) Completely helicopter-supported exploration/production and 

construction of elevated pipelines under forest canopy.28  

                                                 
26  Anne Gunn, GNWT Caribou Biologist, conducted this aerial survey in March, 2002.  
Anne_Gunn@gov.nt.ca 
 
27  S. Dyer et al. 2001. Supra. 
 
28  These practices are standard operating procedure in the jungles of Ecuador.  Wayne Sawchuk. 
“Managing Northern Wilderness – New Techniques for Parks, Special Management, and Sensitive 
Industrial Development” Presentation, March 7, 2002, Yellowknife.  wsawchuk@pris.bc.ca.  For further 
information on low-impact oil and gas exploration, see www.muskwa-kechika.com. 


