


rq.;.?,., ,.
**aible
s,,  “,,

*om an
‘, ,, ‘%’ “’

P.reids%:%nary

[‘
Poss.=__ –., . . ..- . . . ..– . . . ..- -.
FROM AN ARCTIC ISLANDS GAS PIPELINE -
PRELIMINARY REPORT
Sector: MininglOiUEnergy

6-2-14

Analysis/Review

r ., . . . . . . . . . .



CA1 ● tzsco/ .AI-10

i .

ilEiluimll~rmllll
3 1936 00023 066 2

. . . .
“-.

*

--

AIPP PRELIMINARY REPORT 1977

Possible Environmental Disruptions
from an Arctic Islands Gas Pipeline

Everett B. Peterson

P]estern Ecological Services Ltd.

Published under the Authority of
the Hon. J. Hugh Faulkner

n,

-.

Minister of Indian and Northern Affairs
and the Hon. Len Marchand
lMinister of State (Enviror.ment)
Ottawa, 1978
INA Publication No. QS-8160-010-EE-A1
ESCOM Report No. AI-10

This report presents preliminary data
and results obtained by Fisheries and
Environment Canada for use by the Arctic
Islands Pipeline Program. These
investigations were carried out under
the Environmental-Social Program,
Northern Pipelines of the Government
of Canada. While the studies and
investigations were initiated to provide
information necessary for the assessment
of hydrocarbon transportation proposals,
the knowledge gained is equally useful
in planning ar.d assessing other .
development projects.

Any opinions or conclusions expressed in
this report are those of the author and
are not necessarily shared by the
Government of Canada.



.-
.

POSSIBLE ENVIRONMENTAL DISRUPTIONS FROM AN
ARCTIC ISLANDS GAS PIPELINE

PART I:

Arctic Islands to Longlac, Ontario - July 1976

PART II:

Spence Bay to, Mansel Island, Northwest Territories - March 1977



. .. .

. .
.

PART I :
Arctic Islands to Longlac,
Ontario
July 1976

.-

,



v i i

. . ...-.

--. .
-;,, Table “of Contents

1. General Purpose and Approach in this Study . . . . . . . . . . . . . . . . . . . .

2. Assumptions Made About Proposed Pipeline Project . . . . . . . . . . . . . .

3. Sources of Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4. Methods of Summarizing Available Information . . . . . . . . . . . . . . . . . .

4.1 Environmental features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4.2 Environmental concerns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4.3 potential for avoidance and residual impacts . . . . . . . .

4.4 Research needs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5. Generic Concerns that are not Geographically Specific . . . . . . . . .

6. Criteria for Identification of the Most Important

Residual Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7. Summary of Research Needs as Presented on Maps and Legends . . . .

7.1

7.2

7.3

Geographic areas along route uhere most

significant and cm.troversiaZ conflicts uith

biological values expected . . . . . . . . . . . . . . . . . . . . . . . . . .

Geographic areas vhere inventory data should be

obtained over a wider zone in anticipation of

Poute alternative questions . . . . . . . . . . . . . . . . . . . . . . . . . 10

Geographic areas that call for special attention

1

1

2

2

4

6

6

6

7

8

9

10

by some of the sp~cific research disciplines vithin

Environment Canada

8. Associated Activities Beyond the Pipeline Route . . . . . . . . . . . . . . . 12

Sources of Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Appendix I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Appendix II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31



v i i i

. ..-
List of Figures

. .
.

1. Index map for maps of proposed gas pipeline from
Arctic Islands to Longlac,

Ontario

List of Maps

1.
2 .

3 .
4 .
5 .
6 .
7 .
8 .
9 .
10.

Belcher Channel
Viscount Melville Sound
Lancaster Sound
Murchison  River
Quoich River
TheIon River
Dubawnt River

Churchill River
Sachigo River
Ogoki River

... ,, . . . . . . . . . . . . . .

.-

3

19
20
21
22
23
24
25
26
27
28



.

1. General Purpose and Approach in this Study

,

The purpose of this study was to prepare maps and legends that

could assist the planning of Environment Canada’s (DOE) 1977 field studies along

the proposed Polar Gas pipeline route from Ellef Ringnes and Melville

islands to Longlac, Ontario. Route alternatives involving Prince of Wales

Island, Southampton Island, Quebec and central Manitoba were not considered

here. The first steps were to consider readily accessible existing

information on terrain and wildlife characteristics along the route, and

then to summarize the expected influences of a chilled gas pipeline upon

these physical and biological features of the route. The next step involved

a personal judgement on the possibility of avoiding the identified inter-

actions between environmental features and pipeline activities. From this

a list of predicted unavoidable consequences emerged. These remaining

concerns were taken as the prime subject areas or geographic areas for

additional research effort in 1977. In addition, some general criteria to

aid identification of the most important environmental concerns are

presented in the concluding part of this report. The specific terms of

reference for this study are attached in Appendix I.
.

2. Assumptions Made About Proposed Pipeline Project

It was assumed that the proposed gas pipeline would be buried and

would be chilled at least to the southern limit of continuous permafrost. It

was also assumed that all inter–island crossings would involve tunneling

that would avoid the immediate coastline and would bring the pipeline onto

the sea bed at about 150 ft (45 m) below sea level; for some narrow channels a

complete island–to–island tunnel would result. In making judgments about

the potential to avoid problems at stream crossings it was assumed that such

crossings could be either buried or bridged. Finally, it was assumed that

the presently proposed prime route was not fixed, so that avoidance of
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expected problems by route changes was a realistic opinion. The option of
.-

avoiding all expected environmental problems by shelving the entire project
---..- -- proposal was not considered in this task.

=
.“

3. Sources of Information

The presently proposed route was placed on maps from information

recently provided to the Environmental Management Service by Polar Gas.

From Ellef Ringnes and Melville islands to Spence Bay and from the Caribou

River, Manitoba, to Longlac, Ontario, this route was taken from a Polar Gas

map at a scale of 1:4,000,000. From Spence Bay to northern Manitoba a much

more accurate route map was available from the 1:100,000 photomosaics used

in the Corridor Terrain Maps, District of Keewatin, prepared for Polar Gas

by R.M. Hardy and Associates Ltd.

For environmental information along the proposed route, primary

emphasis was given to mapped information but a large number of technical

reports were also checked. The latter included unpublished 1976 reports

prepared by DOE researchers on the basis of 1975 pipeline-related studies

between Spence Bay and the Sabine Peninsula.

All sources of information are listed at the end of this report,
j
i numerically in the order that they were used to compile maps 1 to 10. The

second column of each map legend identifies by number the sources of

information for any given row in the legend. Where no numbers appear in

column 2 of the legend, the information in that row is based on the ●

judgement or knowledge of the contractor.

4. Methods of Summarizing Available Information .

The proposed

each approximately 250

map sheet the proposed

prime route was divided into 10 segments (Figure 1)

mi (400 km) long and 125 mi (200 km) wide. On each

pipeline route appears approximately as a centre line

which was arbitrarily divided into 50-mi (80-km) segments, a common length of

a pipeline spread during construction. These five 50-mi (80-km) segments on

each map sheet coincide with five vertical columns in which the information

is summarized.

. .



. .

. .
.-..

.
/“7 0-? >

I

i

i

3

.

1. Index map for maps of proposed gas pipeline frmn

Arctic Islands to Longlac, Ontario.
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The original request from the Arctic Islands Flpeline Study Board was
1!

---. . .
---- . ‘- to consider an assumed zone of influence 100 mi (160 km) wide (50 mi (80 km) o: (

* ,..

either side of the route). This was changed to include the entire man skeet as :

the “assumed zone of influence”. In either case, this is a very arbitrary -

“zone”, especially for migratory species or for things that move with water

or air masses. It must be stressed that the “zone of influence” considered

here (the map width of about 125 mi (200km) ‘s not intended to imply that this

is the expected zone of “biological influence” of the proposed  project. In

a broad sense, defining the zone of influence is itself a high priority

research need in proposed projects of this kind.

For items 1.2, 1.3, 1.4, 1.6 and 1.7 in the first column of the

legends the emphasis is upon features that are directly intersected by the

route. Similarly, for items 2.2 to 2.6 under environmental concerns the

emphasis is upon features directly in the path of the route. In contrast,

the word “zonal” in item 1.5 refers to features that occur anywhere across

the width of the map sheet for any given 50-mi (80 km) segment  Of rOUte; item

1.8, special environmental features, can also be located anywhere across

the width of a map sheet and in a few cases, such as the McConnell  River

Migratory  Bird Sanctuary, features off the map sheet are also mentioned.

Similarly items 1.1 (physiography), 2.1 (water quality), 2.7 (wildlife

harassment) , and 2.8 (resource–use conflicts) were considered more on a

zonal basis rather than a right-of-way basis.
.

4.1 Environmental features

Environmental features could not be comprehensively described in

tabular form for any given 50-mi (80 km) segment. Any environmental features,

such as climatic parameters, that were unlikely to have distinct section-to-

section variations were excluded. There was also an arbitrary decision to

exclude marine environmental features because of the assumption that pipelines

would either tunnel the channels or emerge onto the sea bed at a considerable

depth. This does not mean that the project would result in no important

changes to marine ecosystems; emphasis was simply placed on terrestrial

ecosystems because there is no information available yet on marine and coastal

locations that would be proposed for supply and staging facilities. Marine

. .—.——
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considered in-the immediate vicinity of the proposed route on land, but the

geographic area of research interest for marine species should be broadened

when locations of proposed marine industrial activities are known.

Within the categories used for portrayal of environmental features

and environmental concerns, comments were limited to those items judged to be

of most importance. The main criteria used in this judgement are outlined in

Section 6 of this report. For example, loss of habitat used by muskoxen,

migratory waterfowl, or polar bears is a feature that would have been identified,

whereas loss of habitat important for lemmings or passerine would not have

been listed.

For surficial  materials (item 1.3) notes were restricted to those

features thought to be most relevant to engineering activities. For example,

in the first 50-mi (80-km) section of Map 2 (Melville Island) only the

Christopher Shale is mentioned because it presents the greatest problems for

summer travel; less sensitive sandstones that occur in the same area are not

mentioned. From the Keewatin terrain analysis atlas, of the many landforms,

materials, topographic units and drainage classes mapped the only ones singled

out were the ones judged to be the most unstable or sensitive: active floodplains,

colluvial complexes of slopewash and rillwash; talus and rockfall  slopes;

slumps; flow-slides; lake plains; dunes, all organic terrain; clay and clay-silt

mixtures; patterned ground areas; highly dissected landscape resulting from .

surface run–off; areas that are wet most of the warm season; horesetail  drainage

pattern; actively eroding gullies; thermokarst  depressions; and areas with a high

water table. The more stable landforms mapped in the Polar Gas terrain atlas

were not identified on these maps and legends.

In summary, the environmental features identified in items 1.1 to 1.8

of the legends were  held down to a manageable level by a rigid, but often

arbitrary, selection of only those features that were judged to be the basis of

environmental concerns (second part of legend).

References are provided for most of the environmental features

(column 2) and this section of the legend relied mainly on maps and reports,

and very little on the personal experience of the contractor.
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4.2. Environments Z concerns
=

A selection similar to that described for environmental features

was used to restrict the environmental concerns to those thought most

important. These concerns were drawn from reports wherever possible but

an increasing degree of judgement on the part of the contractor was involved

in this part of the map legend.

4.3 Potential for avoidance and residual impacts

These two sections of the legend were based almost entirely on

the judgement of the contractor from a general knowledge of responses

presented by Canadian Arctic Gas Pipeline Ltd. to comparable environmental

concerns in the western Arctic. The possibility of routing changes,

engineering design changes, and stringent regulation by responsible agencies

were the bases for considering that some environmental concerns could be

avoided.

4.4 Research needs

Although this section of the legend is largely the contractor’s

judgement, it incorporates suggestions for research that have been

identified in various reports. In many cases, the judgement required a

decision on where along the pipeline route a particular research activity

would best be focused.

Research suggestions contained in DOE reports from 1975 field work

along the pipeline route no doubt influenced the judgments presented, but

the contractor had no discussions with the authors of these DOE reports nor

with Polar Gas consultants who are also conducting field studies along the

proposed route. Research needs were listed without a knowledge of 1976

field work presently underway.

There were two guiding principles used to narrow down the potentially

large number of pipeline-related research topics. The first was to assume

that DOE personnel would be required to comment upon the adequacy of the
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..Polar Gas awlication with the benefit of only one more Season of field e
-’, work (1977-78). Therefore, primary emphasis was given to research suggestions

that could be reasonably undertaken in one year. The second guiding principle

was that certain geographic are= are of such biological importance, and have

such a high potential of resource use conflicts, that pipeline-related

studies should be focused there and should also include scientific

investigations that are not going to yield much useful information at the

end of one year. This latter principle seems to be the minimum compromise

to counteract what Schindler has termed the “impact statement boondoggle”

(see Appendix II). In some places, for example south of Baker Lake, it was

also suggested that studies should be designed to consider interactions

between the gas pipeline and other industrial projects such as mine

facilities that could be stimulated by a nearby energy supply. This

apparent broadening of research that is supposed to be pipeline-related

seems justified in situations where broad geographic areas of biological

importance are concerned such as the migration routes and summer range of

the

5.

Kaminuriak caribou herd.

Generic Concerns that are not Geographically Specif”ic

This study was based only on a knowledge of the currently proposed

route; information on likely locations of compressor stations, logistics bases,

camp sites, or coastal staging areas was not available. These related .

activities will result in additional environmental concerns that cannot yet be

geographically specified. In addition, certain concerns or research needs

cannot be pinned down geographically even if all locations of proposed

facilities are known. Research needs associated with: (i) contingencies

(summer repair,accidental spills of hazardous substances); (ii) aesthetics

(noise levels or restoration of local disturbances); or (iii) air quality

(S02 levels) are all examples of topics that have no predictable priority

along any given segment of the pipeline route. Generic concerns of this kind

were omitted from the information summarized on the maps and legends and

need to be considered as complementary requirements by those planning

comprehensive pipeline-related studies.
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6. -Criteria for Identification of the Most Important Residual Impacts =

The steps used to prepare the legends have already resulted in

elimination of many potential environmental concerns. Potential problems

that were thoughtto be avoidable are not listed in the part of the legend

that summarizes residual impacts. However, the lists of residual impacts

do contain many predictions of water quality changes, drainage alteration,

terrain disturbance, wildlife disturbance, and land-use conflicts. Such

lists will be refined and amended as further studies are carried out but

even more refined lists of predicted residual impacts at some stage face

the question of whether the predicted effect is important enough to

warrant an expensive

The answer

it is scientific and

research program.

to this “So what?”

it is difficult to

question is as much political as

identify research that would help

answer this question. Probably the best approach in planning a research

program in response to this question is to consider the external criteria

that give particular environmental concerns more urgency. The following

criteria were the main ones used to arrive at the judgments presented in

the accompanying set of maps and legends.

(i) International treaty obligations - for example, it could be argued

that more research effort should be devoted to the habitats-and

populations of species for which Canada has treaty obligations (e.g.

polar bears, migratory waterfowl) than to other species such as

caribou, even though the latter may be of great economic importance

locally.

(ii) Interference with harvesting of biological resources - for example,

resource harvesting areas around Resolute, Spence Bay and Baker Lake

create areas of more environmental concern than would be expressed

for a comparable level of environmental disruption far from a

settlement .

I‘. :.....  . .

t “
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(iii) Rarity of particular species - rare and endangered species, as

. . . . . . opposed to populations, and the habitats on which they depend
. “

are readily accepted criteria for extra concern and research

effort.

(iv) Habitat that is locally critical to the survival ofpaxtieular

species a~in some cases,populations – for example the well-

publicized high productivity of lowland meadows in the High

Arctic and the importance of these areas of primary production

in the entire fo,od web make,such ecosystems of above-average

concern. Thus, destruction of 10 acres (4ha) of lowlancl  meadow vege-

tation would be highly significant in terms of the productivity base for

the region but destruction of a comparable area of upland vegetation

would not likely be judged as important.

(v) Factors that influence the reproductive capability of populations -

just as chemical contaminants are judged to be more dangerous if

they weaken the reproductive potential of a species so also should

above-average concern be expressed for habitats that are

necessary for reproductive phases of fish and wildlife life cycles.

Thus , siltation of a stream, by itself, would likely be judged as

an unimportant residual impact, but if the siltation damaged a

freshwater habitat in which fish spawned it would obviously be

considered important. For similar reasons, it is easier to answ~r

the “So what?” question in cases where caribou calving grounds or

goose nesting areas are involved than it is for habitats that are

used only sporadically by these species for non-reproductive

activities.

7. Summary of Research Needs as Presented on Maps and Legends

Users of the accompanying maps and legends should take them as an

elementary inventory of possible environmental changes that could accompany

the construction of a gas pipeline from the Arctic Islands. A critical

review of this preliminary inventory is now needed from others who are

familiar with the details of field conditions along various segments of the

,,
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. . .. ..-. route. To aid such a critical review the sections below summarize the

contractor’s opinion on geographic areas that deserve the most attention
=

. .
.-.-, during the remainder of the study program.

7.1 Geographic areas along route whe~e most significant and controversial

conflicts Ath biological values expected.

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Map 10

None

Area between Sherard Bay and Eldridge Bay; Polar Bear

Pass from Bracebridge Inlet to Goodsir Inlet.

Stanwell-Fletcher  basin and Creswell Bay area.

Bellot Strait to Amituryouak Lake; Kangikjuke to

Netsilik Lake.

Inglis Bay to Franklin Lake

Thelon River to Pitz Lake

Maguse River crossing; Tha–anne River crossing; Seal

River crossing.

None

None

None

7.2 Geographic areas uhere inventory data should reobtained over a wider

zone in anticipation of route alternative questions

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Map 10

9

None

Route alternatives that would avoid Polar Bear Pass.

Route alternatives that would avoid Union River Peninsula.

Route alternatives across Bellot Strait and past Spence Bay.

Route alternatives in Inglis Bay to Hayes River area.

Route alternatives that would avoid biologically important

areas along Thelon River.

Route alternatives that would result in least disturbance to

Kaminuriak caribou herd.

None

None

None
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. . 7.3 Geog~phic areas that call for special attention by some of the

specific research disciplines within Environment Canada.

Hydrologic studies -

Map 5 – Sections from Inglis Bay to Franklin Lake.

Terrain and vegetation studies –

Maps 2, 3, 5 - Most sensitive terrain types with high content of

fine textured material.

Wildlife inventory studies -

Maps 2, 3, 4 - Polar bear denning and summer sanctuaries;

Map 6 – Rare and endangered species.

Map 2 –Wildlife inventory for route alternative north of Polar

Bear Pass.

Wildlife behavior studies –

Map 5 -

Map 7 –

Fisheries Studies –

Map 3 –

Map 4 –

Map 5 –

Map 6 –

Waterfowl harassment in Inglis Bay - Hayes River area;

Caribou behavioral responses to projected pipeline route..

Creswell Bay and Stanwell-Fletcher  Lake area,

Spence Bay area.

Inglis Bay to Franklin Lake area.

Baker Lake area.

Marine Mammal Studies –

Map 3 - Aston Bay, Cunningham Inlet, Gamier Bay, Creswell Bay areas.

Map 4 - Bellot Strait area.

Map 7 – Seal River area.
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Integrated long-term scientific studies, [including water quality & hydrology

basel~qe data collection -
4- ‘

.
!

Map 2 - Polar Bear Pass area.
-1

Map 3 - Creswell Bay and Stanwell-Fletcher Lake area.

Map 6 - Thelon River - Pitz Lake area.

8. Associated Activities Beyond the Pipeline Route

Some of the most serious environmental disruptions and

research needs are apt to arise from associated activities which

most pressing

are not yet

known for the Polar Gas Project. Most questions of disruption to marine

ecosystems and populations were omitted from this analysis because no details

were available on likely industrial staging areas. Obviously if Aston Bay

were to be a staging area, concerns for seal populations would be greater

than expressed in this analysis; the same would apply to beluga in

Cunningham Inlet.

Planning of research priorities and study locations for marine

ecosystems requires, as a starting point, a prediction of the likely centres

of industrial activity. Polar Gas has done this for the terrestrial part of

the route but not for the staging and transport facilities that would occur

at the land-sea interface. When such information can be obtained from the

pipeline proponents, a comparable analysis should be done for marine
.

habitats and populations.

,
6
I

,
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. .



SOURCES OF INFORM.LTION
.

1. FORTIER, Y.O., R.G. BLACKADAR, H.R. GREINER, D.J. McLAREN, N.J. McMILLAN
A.W. NORRIS, E.F. ROOTS, J.G. SOUTHER, R. THORSTEINSSON,
E.T. TOZER. 1963. Geology of the north-central part of the
Arctic Archipelago, Northwest Territories (Operation Franklin).
Geological Survey of Canada, Ottawa. Memoir 320. 671 pp.

2. SPROULE ASSOCIATES LIMITED. 1975. Terrain sensitivity photomosaic,

3. LAMOTHE ,

Canadian Arctic Islands, prepared for the exclusive use of
Department of Indian and Northern Affairs. Sproule Associates
Ltd. , Calgary, Alberta.

C. and D. ST.-ONGE. 1961. A note on the periglacial
erosional process in the Isachscn area, NWT. Geographical
Bulletin 16:104-113.

4. BIRD, J.B. 1967. The physiography of arctic Canada. Johns Hopkins
Press, Baltimore, Maryland. 336 pp.

5. MacDONALD, S.D. 1960. Report on biological investigations of Isachsen,
Ellef Ringnes Island, NWT. National Museum of Canada, Ottawa.
Bulletin 172, Biological Series 65:90-97.

6.

7.

8.

9.

10.

11.

12.

SAVILE, D.B.O. 1961. Botany of the northwestern Queen Elizabeth
Islands. Canadian Journal of Botany 39:909-942..

McALPINE, J.F. 1965. Insects and related terrestrial invertebrates
of Ellef Ringnes Island. Arctic 18:73-103.

CANADIAN WILDLIFE SERVICE. 1972. Arctic ecology map series. Critical
wildlife areas. Maps and descriptive reports. 324 pp.

BOREAL INSTITUTE FOR NORTHERN STUDIES. 1975. Canadian Arctic 9
renewable resource mapping project. Prepared for Inuit
Tapirisat of Canada. Boreal Institute for Northern Studies,
University of Alberta, Edmonton. 232 pp.

BABB, T.A. 1972. The effects of surface disturbance on vegetation
in the northern Canadian Arctic Archipelago. University of
Alberta, Edmonton. M.SC. Thesis. 71 pp.

BABB, T.A. and L.C. BLISS. 1974. Effects of physical disturbance
on arctic vegetation in the Queen Elizabeth Islands. Journal
of Applied Ecology 11:549–562.

BABB, T.A. and L.C. BLISS. 1974. Susceptibility to environmental
impact in the Queen Elizabeth Islands. Arctic 27:234-237.



14

. . . . -- 13. EALKWILL, H.R., K.J. ROY, W.S. HOPKINS ancl W.V. SLITER. 1974. =
.- Glacial features and pingos, Around Ringnes Island, Arctic

Archipelago. Canadian Journal of Earth Sciences 11:1319-1325.

14. NETTLESHIP, D.N. and P.A. SMITH. 1975. Ecological sites in northern -

Canada. Canadian Committee for the International Biological
Programme Conservation Terrestrial-Panel 9, Ottawa. 330 pp.

15. WEDEL, J.H. and J.G. WAY. 1976. Hydrologic regimes Freshwater

16. BARNETT ,

17.

Project No.1. Eastern Arctic Islands Pipeline Project
Spence Bay to Sabine Peninsula, Environment Canada. Ottawa.
Unpublished interim report. 327 pp.

D.M., S.A. EDLUND, L.A. DREDGE, D.C. THOMAS and L.S. PREVETT.
1975. Terrain classification and evaluation, eastern Melville
Island, NWT. Geological Survey of Canada, Ottawa. Open
File 252. 2 Vols.$ 11 photomosaic maps on three sheets and
two legend sheets.

MALTBY, L.S. 1976. Migratory bird studies in the Arctic Islands
1973-1975. Progress report for TEP 4-3, Arctic Islands
Pipeline Program, Environment Canada. Unpublished report.
11 pp.

18. BLAKE, W.J. 1974. Periglacial  features and landscape evolution,
central Bathurst Island, District of Franklin. Geological
Survey of Canada, Ottawa. Paper 74-1, Part B:235-244.

19. FREEMAN, M.M.R. 1974. Environmental report, Bathurst Island, NWT
1974: Part I. Caribou. Unpublished report to the
Community of Resolute. 12 pp. and appendices.

20. NETTERVILLE, J.A., A.S. DYKE, R.D. THOMAS and K.A. DRABINSKY. 1976.
Terrain inventory and Quaternary geology, Somerset, Pqince
of Wales and adjacent islands. Geological Survey of Canada,
Ottawa. Paper 76-1A: 145-154.

21. WOO, V. and S.C. ZOLTAI. 1976. Ecological districts of Somerset,

22. BARNETT ,

Prince of Wales, and adjacent islands, Northwest Territories.
Interim Progress Report for Arctic Islands Pipeline
Program, Environment Canada. Unpublished report. 30 pp.

D.M. , S.A. EDLUND and L.A. DREDGE. 1976. Terrain inventory:
Bathurst, Cornwallis, and adjacent islands, Northwest
Territories. Geological Survey of Canada, Ottawa. Paper
76-1A: 201-204.

23. TAYLOR, R.B. 1973. Coastal environments and processes in the
Canadian Arctic Archipelago. McMaster University, Hamilton,
Ontario. M.SC. Thesis. 210 pp.

I



15

. . .----

24. BLAGKADAR, R.G. 1967. Precambrian geology of Boothia Peninsula,. . . . . .---- . Somerset Island and Prince of Wales Island, District of
.-

- .
Franklin. Geological Survey of Canada, Ottawa. Bulletin
151. 62 pp.

25. THORSTEINSSON, R. 1958. Cornwallis and Little Cornwallis Islands,
District of Franklin, Northwest Territories. Geological
Survey of Canada, Ottawa. Memoir 294. 134 pp.

26. BISSETT, D. 1967. Resolute. An area economic survey. Volume II of
the Lancaster Sound survey. Department of Indian
Affairs and Northern Development, Ottawa. AESR 67/1. 175 Pp.

27. NETTLESHIP. D.N. 1976. Studies of seabirds at Prince Leopold Island

28. RUSSELL,

and vicinity, Northwest Territories. Preliminary report of
biological investigations. Arctic Islands Pipeline Project,
Environment Canada. Unpublished report. 24 Pp.

R.H. and E.J. EDMONDS. 1976. Report on caribou and
muskoxen habitat studies in the Arctic Islands 1975.
Interim Report for Project TEP 4-1, Arctic Islands Pipeline
Program, Environment Canada. Unpublished report. 14 pp.

29. KURFURST, P.J. 1976. Assessment of terrain performance in the
Mackenzie Valley and the Arctic Islands. Geological Survey
of”Canada, Ottawa. Paper 76-1A: 277-279.

30. HOTZEL, C.N.D. 1973. Terrain disturbance on the Christopher Formation,
Melville Island, NWT. Unpublished paper submitted to
Department of Geography, Carleton University, Ottawa. 48 pp.

31. STIRLING, 1. R.E. SCHWEINSBURG  and H.P.L. Killiaan. 1976. Polar
bear research along the proposed Arctic Islands gas pipeline
route. Progress report to the Environmental Management
Service, Environment Canada. Unpublished report. 32 pp.-

32. SMITH. T.G.. D. TAYLOR and HAHGAGIAK. 1976. Breeding habitat and

33. HAY, K.

population surveys of seals in the Viscount Melville Sound,
Barrow Strait and Peel Sound areas. Interim report to the
Arctic Island gas pipeline project, Environment Canada.
Unpublished report. 30 pp.

and D.E. SERGEANT. 1976. Interim technical report arctic
whale project. Environmental-Social Program, Northern
Pipelines, Environment Canada. Unpublished report. 41 pp.

34. SERGEANT, D.E. and P.F. BRODIE. 1975. Identity, abundance, and
present status of populations of white whales, Delphinapterus
2eucas, in North America. Journal of the Fisheries Research
Board of Canada 32:1047-1054.



16

. .

..35. TREUDE , -E . 1975. Studies in settlement development and evolution of. .
the economy in the eastern central Canadian Arctic. Musk-ox.
16:53-66.

36. VILLIERS, D. 1968. The central Arctic. An area economic survey.
Industrial Division, Northern Administration Branch,
Department of Indian Affairs and Northern Development,
Ottawa. AESR 68/1. 189 PP.

37. GREY, B.J. 1976. Seasonal snowlines from LANDSAT imagery Somerset
Island and Boothia Peninsula 1973, 1974 and 1975. Arctic
Islands Pipeline Project, Environment Canada. Unpublished
report. 20 pp.

38. R.M. HARDY AND ASSOCIATES LIMITED. 1976. Corridor terrain maps
District of Keewatin. Appendix A to: Landscape survey report
District of Keewatin, Polar Gas Environmental Program. Map
sheets 16-30.

39. BOYDELL, A.N., K.A. DRABINSKY  and .J.A. NETTERVILLE. 1975. Terrain
inventory and land classification, Boothia Peninsula and
northern Keewatin. Geological Survey of Canada, Ottawa.
Paper 75-1, Part A: 393-396.

40. SAVILE, D.B.O. 1959. The botany of Somerset Island, District of
Franklin. Canadian Journal of Botany 37:959-1002.

41. TARNOCAI, C. and A.N. BOYDELL. 1975. Biophysical study of the
Boothia Peninsula and northern Keewatin. Geological Survey
of Canada, Ottawa. Paper 75-1, Part A: 423-424.

42. ANONYMOUS. 1976. Spence Bay traditional use areas. Dialogue North
76-1:15.

43.
.

FALCONER, G., J.D. IVES, O.H. LOKEN and J.T. ANDREWS. 1965. Major
end moraines in eastern and central Arctic Canada.
Geographical Bulletin 7:137-153.

44. DEPARTMENT OF ENERGY, MINES AND RESOURCES. 1974. The national
atlas of Canada. ?lacMillan Company in association with
Department of Energy Mines and Resources and Information
Canada, Ottawa. 4th edition. 254 plates.

45. LAFOND, A., R. HEROUX and A. SOUCY. 1971. Ecological zoning of the
eastern portion of Northwest Territories. Report to the
Department of Indian Affairs and Northern Development,
Northern Economic Development Branch. Centre de Recherches
sur l’Eau, Universit6 Laval, Quebec. Vols. 1-3.

46. WRIGHT, G.M. 1967. Geology of the southeastern Barren Grounds, parts
of the districts of Mackenzie and Keewatin (Operations Keewatin,
Baker and TheIon). Geological Survey of Canada, Ottawa.
Memoir 350. 91 pp.



17

47. TARNOCA1 , C . 1972. Exploratory terrain study of northern Manitoba
and southern Keewatin, NWT. (Preliminary report).
Manitoba Soil Survey, Agriculture Canada, Winnipeg.
Unpublished report. 21 pp.

48. UNIVERSITY OF GUELPH, DEPARTMENT OF LAND RESOURCE SCIENCE. 1973.
Proceedings : a symposium on the physical environment of
the Hudson Bay Lowland, University of Guelph, Ontario.
126 pp.

49. BAKER LAKE HUNTERS AND TRAPPERS ASSOCIATION. 1975. Baker Lake land
freeze proposal. Mosaic map 1:500,000  with annotations.
Unpublished report. n.p.

50. STERLING, T. and A. DZUBIN. 1967. Canada goose moult migrations to
the Northwest Territories. Transactions of the North
American Wildlife and Natural Resources Conference
1967:355-373.

51. MILLER, F.L. 1972. Birds nesting at Kazan Falls. The Auk 89:183-185.

52. MILLER, F.L. and E. BROUGHTON. 1974. Calf mortality on the calving
ground of Kaminuriak caribou, during 1970. Canadian
Wildlife Service, Ottawa. Canadian Wildlife Report Series 26.
26 pp.

53. PARKER, G.R. 1972. Biology of the Kaminuriak population of barren-
ground caribou. Part 1: Total numbers, mortality,
recruitment and seasonal distribution. Canadian Wildlife
Service, Ottawa. Canadian Wildlife Service Report Series 20.
95 pp.

54. MILLER, F.L. 1972. Distribution and movements of barren–ground caribou
from the Kaminuriak population during calving and post-calving
periods 1970. Canadian Wildlife Service, Ottawa. Completion
report CWSC 1412. Unpublished. 36 pp.

55. ROWE, J.S. 1972. Forest regions of Canada. Department of Environment,

56. RITCHIE,

57. RITCHIE,

Canadian Forestry Service, Ottawa. Canadian Forest Service
Publication 1300. 172 pp.

J.C. 1959. The vegetation of northern Manitoba. III. Studies
in the Subarctic. Arctic Institute of North America,
Montreal. Technical Paper 3. 56 pp.

J.C. 1962. A geobotanical survey of northern Manitoba.
Arctic Institute of North America, Montreal. Technical Paper 9.
47 pp.

58. MILLER, D.R. 1976. Biology of the Kaminuriak population of barren–ground
caribou. Part 3: Taiga winter range relationships and diet.
Canadian Wildlife Service, Ottawa. Canadian Wildlife Service
Report 36. 42 pp.



!

I

I

18

59. CLA~E, C.H. D.
*-

1940. A biological investigation of the Thelon game .
sanctuary. National Museum of Canada, Ottawa. Bulletin 96,
Biological Series 25. 135 pp.

60. MANSFIELD, A.W. 1975. Marine mammal research in the Canadian Arctic.
Fisheries and Marine Service, Ottawa. Research Development
Technical Report 502. 23 pp.

61. LaROI, G.H. and T.A. BABB. 1974. Canadian national directory of IBP
areas 1968-1974. A contribution of the Conservation of
Terrestrial Biological Communities Subcommittee, Canaclian
Committee for the International Biological Programme.
University of Alberta Printing Services, Edmonton. Various
paging.

62. BROWN, R.J.E. 1968. Permafrost investigations in northern Ontario and
northeastern Manitoba. National Research Council of Canada,
Division of Building Research, Ottawa. Technical Paper 291.
40 pp.

63. WATER PLANNING AND MANAGEMENT BRANCH, INLAND WATERS DIRECTOWTE. 1974.
Preliminary overview of impact assessment areas. Environment
Canada, Western Region, Regina, Saskatchewan. Unpublished
report. 188 pp.

64. JOHNSTON, G.H. 1969. Dykes on permafrost Kelsey generating station,
Manitoba. Canadian Geotechnical  Journal 6:139-157.

65. WEIR, T.R., EDITOR. 1969. Economic atlas of Manitoba. Department of
Industry and Commerce, Winnipeg. 81 pp.

66. DEAN, W.G., EDITOR. 1969. Economic atlas of Ontario. University of
Toronto Press, Toronto. 113 plates. 8

67. BOELTER, D.H. and G.E. CLOSE. 1974. Pipelines in forested wetlands.
Cross drainage needed to prevent timber damage. Journal of
Forestry 72:561-563.

. .

:, . . . . -.. ,-’. . . . . . . .



/

.

%

BELCHER  CHANNEL (20Z1)Uiv,nms  . M

Um.uc,:,,., !=.,
1o,”.,,.. “ ,  144ti. ,01
,*,  ,*” **AI. m.m
“PI..4. .a,h ah.,. “.+-,,
.,,””, -

,,* ,.. cc.-, i. -“b,.

.* s .ld. .1  ,. b,. :. ( 3 ) ,
M* ,.. .-t-t 1.  c.,,”.,.,
- - -  .  c,l.”11 ( , )

k.,,. cr..”. ,-,.@ ,,.,. .“
-  IA. -.. c.-,, .-, , .
,,., “i,, -0.sb, ,.., .,
c.-, ,  h,,,, .P,.ti

k. .-,., t . . . . ...4 f .C. ,,lsb,
f. .b.md.m 0s <..,... ..m.,.,.i,
“,.

,, 2

2, ,. .

.,- i..,.,.., i.,
,0”  co”,. )

:  ,  S“rfi. i.l
n . , . . , . , .

,=. r“.. )

, , ml”,

,

,, *
i , ,,.. ,

“,,,,,,.

(.=-.1) 1-7 -“ -il.,’,. - -
-+- t....,, 6, ,, ,,

,

, . ?,., ,.,,,,,,.,- r - t .  ) 8. ,
,, ,, ‘. ,,
,,, ,2

i, ,,, ,’

,, u

_

z,  10,  n,

LO, u, 12

, “.,.,.c,m

(m . - . .  ) -  !“.4.. e’-.r .s .
-,1,” .il, -.,., ,L.ls -
-u.-(l)

.,,..,

.“. ,“. ri..,

c“v,  a Cacim,

,., n.,.,
m“,.) .*,,., * b-t;

*1* i-e  we,. .LIC 1.- P..,.m
ml.kd,

.,. -d.. t - , .  .0,,. .,,
,i.r,?u.d . . -...., *U.
r.L.,1. ,l.=*.im Mi.,,

Da,.f., .i,”cia .-,:

.1JIJu-1 .=r. .*, ,.=. pm,..

, * *.,”.”
u,.,.,, -

, ,.”.,.
m.,., o..t.

‘., v.”t.t, q
m.t.rb..e.

b i“ ,, .  .  .  .  * . . .  “P,.,, -  *.. .=., ~ * U . ,  ur n . ,  - U%

.=4 -.. ..r. -mm ,. 102 ., .st. ,.”, ,, Im4k.  c.. - ~i.,..
k,.=.”, ,.. l . , . , . ;  m.,.,.,. .“d “t.u,.d r . . ,  Id,ae. . , ” .
M - i.. -“., ..c.t.md..  .  -II, -4., 100  td ., “ . ,,., “,,.., ,-

,,,,”?, !-
(fi.h ,
.,,4,,,.,

,  lb,’,.,
La..
(f !., ‘
.1,,, ,(. ,

,  ,,,., ,,.
..,,.. -,

, l.’ou ,..
L..
0.,,,.,.

,.,,- .,,,.,,om —M.,,.
., .my  co”.-,,- d.rlq pm
,*  -, * ‘d,. .  .  .  “.,

2 *.,-
Al,.r.iic. C,..,,., ., ,L-p,.ti, ,*&,,

I
.,...lm. ., f,d,,ah ,Ik.,,

-WM.,,. tr.w,d. h,.
cm..,,., .* f ,@,,.1.,  lib,,
-WM.,,.

,,.M u... ,,. -  .,,.,.,, -
,kd, -.,*,.

., , . , . . , ”  ,
“.”,., ,-

f ,.,,. . . . m., k. .,..”d,
,...P  .d .4..,.,,. .,.- m
m,, .,,. “..,dd.bl.

-  1.. .-, u“ ,.,..,.
..dd.bl. d, ,, _,,,. ,.-
.  ,,-?....4

. . .,., ,
“,,,,,,.

I

mm .,,,,,.,,. ( . . . .  ) . . . . . . . . . . . .
I

. . . . . . . .
., l..o”r..

. . .
-t ,,,,. . . . .,. . . .

,Iuw IW*C7S

,  “.c. r
.x., it,

.1, ., k. .,, .  .  ,0.

C.-I., d br.id.d f  k-d,lti .,0..,., ., M.*,  ,,d,,.h.
till Mk.,, ,“ti, ,. ,,.,0.” :yulllk~ ,...,, ,. dr. m.”
.,!.,..,”

.*, ., b“

:rc..l4 .* ,.. -  ,,d,,., m.
*,* lib,, r..”, e ,. ,r.,m.,.
,lt.r.*,-

ki, h . , . ,  .ad ,k,r “C.,,.wd
-,1. -*bl. ‘, x,,.,,, in
.  ..  .

.,, . . b“

2  Dr.,”.c.
.,,.,. t,-

.U. M

) ,....,.
“ . 8 . , . ,  i.. *U r.. -, 3* lib,,

.  ..U.bl. t.ru, ,,.m,+..e. - *.... .,* ,lk,l,

—. t...i. . ..—

. ,,.. ,.,,., ,,.
Mb.t, ml Mb.,, .ll

d, .,,



2

..,,, ““..,., *U ,el.,,.i ,2,, ., F..’, ,,.,..., ,.. “,,,,
. . . r,d,.d . . . . . . “,,. ,.” ,..., .

,,...-,,, ,.,d -k
Mach..

-
,, ,,. ,, S..-.. ‘  ,,,,,,,. , . ,  , .  ~.t

h,-, .,.,,., ..,., ,. s . . , .  M-,
.  .  .  K,., ,.,., “,,, ,,, ,,,
Xw.d ,. .,..,.” , . C . . .

E.,*S. . . . . . .* ,,,, ‘  .,.,
. . . . . . . . @ ,.. . !.,,,,. ,,.. k. ,. b..th ,=W,, M

Wm..,,,.,., fiw “,.,,.,. .“.,
.d.w.l .m,s,d.,.u. C“,,,,., ,
,,, .  ..., -C.l.o -i,, P.c,.r”.d
.,.

,.,., u.. , . . ,  ,..,,,”. ..,,
“rim. . . . . . . ,1.. “,.,,.,
m..,,.,,. ,., . . ..m”.,’. m,
.,”.,., ..,, ””1., ,1.p,.  . . . .
.,...ed

W, ., ,,,,,. .  .  .  .  .  .  .  ,, ,,.,,
dew.,,. “,,, b“ ..s.,,,,,,,
ratio,, .- for .“, . ,8 .  .,
b,km.t , . .

kc.,, ,., . . . . . . . lrms. of  h..ch
,em.it. . . . . . . . . .* ,,” hrci. i.
m  ,,. -.,, ‘  ..,, *LUCI,- “1.P=.,
,,,. t.dr. c. .  ..,,..,”s  m, I.,*.,

!.., .,-r m.-,. ,,.”.,-,  Om

l,- P.rei.: ..”..., .  .  d.t”.r. t 1,
I.’lo ,,-, ,.”.r.11, “mO”bl.
,.,,.,. C... SC-m PC.

* * cl”. ,- &  ,,,,.. r..., aa. f.
C,.”,.P

(.- .-.-,
m .  M ~-1~ *J ~ of -hi”. -, ~*, . ., “.,,.. ,.,.,, .,q,aa

.,,.” M“.. .  .  stir.,, . . , .

*., ,,., , C,*,,,.,  ,..., ‘  .,,., k.,,,.,.,”,,,. ,,  9. ,, (2); mitis.i . . . . . . . . . .tm.
(-”l) n..h.. .,=. (5)  .  .  .  .  .

Chr,.mphl, m . , .  .  .  .  .  .,
SW,.,, ( 11

,.’ ,,., ‘
“,,.,,,. “** d...,,, ..ribo” ..”,. [ 3 ) ,

(c. CC-t.) 9 ‘ ..’ 91 ~’ S.bl= MJ .“~ =~~1~. , . .  ,,* s,. A,..,,E “,,,, “ t.
,,.. -,.

,.7 ,.w!.!i- l.o,.td WC  =.4-. (,) .,(c. .0”.., ,, ,, WA. P, & ,..,..,  B.,, ,.,,.,..0, s..,” w-, (,,., hr.,,  “,)“d, “,.,.,.,.

. “,., . , . . .  * . ,  ..”..I m.., * ,.1.. .,,..” C..,,,. b . ,  .,,
.,..., ”,. .,,,,..,  k.”.. .1
b,.,.,. iq. .1 -1,.td’ ,0
?.,., 0.., . . . . .

u, .-t., . . . . . d “Ch”.. !
.“, b, c., ik., -,.. ,. ,
t-bed. “ .i r-c. ( 5 ) ,  ph.
b.., --t. . . . *..,,,.

* L.,,. .,,.- . . . . . . .

Lzcc,. ,., . . . . . B . . . . . (111
,—. C.w .,.,. = ..,,,..  ;,,.
,  w,ti”ti,., m.. ., ,.1.” ,
,,0$.., ,,, -Sir ,.,., ~,.,
k., , ..,r”. (,2)

,. Mm”,., .d !.,,,,, . . . . . . . . . .
,., h wad “ . . . ,h ,a,.

,,, .-.,., .,.., .! I.,h”r.c . ..d
v “.,*.

4.-I...

.,- ,.”.,,, -Sti, “i”,..

..,. ud “, .M,- . . . . “.L-
,,,,,,,, ,, .  ~ w  .,.. ., ,,”
.,,,. ( , )

k., V.,.,.,*- ,  w“.,. Fad.
,. ,.,., w., P.” ( 10 )  .s6 .,
,,1,.0” ,“1., ,  c. ,.  ,.che
8.”,,,

Z.,,,. . . . . . . . . ,. P.,. r  t..,
F... ,.,, d=p.da , . . . ..-.d
,-,,!, ,  .Wp,, ., .Ur,.e.
“,..

0,.,,”,. .,,...,,- .a,d h
..”CI. I m  “.,,.”. b,.,.,,..,
,“,.,., ,. ,., =, *., ,.,,

S’@,* .,.lm.” .,..,.! -

P..lbl. *- m.-,  .,-M.,
-,.,. “W,.,,,

ml... . . . . . ,.,,0.. ,,”.,m.
.  .  d.t.c. ,.” r,,,., ,-
“., ~.t.  b,. ,.,,.,,., . . . ”
., . ...4

P.. *M ,,.,. ,. ,.,., k., , . , .
i .  , “ . ,  “,.,.,,- cl,., .W”,.
m, t. df. w.t.d, .4.”  . “ . , . ”

“ . , .  m S-.re l., hr..

,.,1,-, .-. ..m.iti.iv .ti
*“AL. i“ n-r .  .  C.,,.WI.,
.Lw. .’ .,- h.,,.

,..4 ,.F.,,. ,  ,.— _
L,,,I. ti-,,ti  -,.,,, ~
:-,r”m,h .,1..

tic.  ,,..”. .d* ., .,- -,,.4
,. ,“,, “#.,.,,m (,)  , .’ .-
,..

,. . , . ”  ., .Xc.,tim.,,y ,“.,
“.,. e.t,a . “  .“.”,

1 1,,,  Els..c,a
D1.!yy. * “d, ..,.,,,.)4 .,,,.ti-

1..,., to. C..,*” .  .  .“.b.
.l,d, ir.,

m w.,, ..,. b,i.h.d .,.,.,,-
,-,.. . . . c.r,k-, ., .,.*

,.,.. 0... ,.,,,., ‘  . - ,  )
c.. ie, . ~.,..  .,, “. . . . . .
,-., .0”..,.,. -,, ,.
,i,,.,b.d ,. ~- ,.. -.i I

,.. MM,.,
b.. ,  . , ” .  ., ,’,. ,.”.,,, ..,,-.

(rim. ‘ “o. .,, C,  . . . . . (,) . . . m.k$.
.’,,,,,., r.a” w  .* ,!.,.,, w ( I )

,b..’b,. . . . . ., * h.,,,.,
. ,. d ., ,.,., S . .  r  ,...
*. - -  .  .  .  .  n, ., w  , . .

k .igdfi..m M.. ., earn..
h,,”, ..p..c.d

.,..,., t tar.. -., ..,.

..,,,,., ,., -.- la J“@.
,* ,.,-.. m.., “ .* .,., ,,
h.r.u..mt ,.- ,,.,.., Mb,,

, ,.!, ..-, ,.,., .,.. !.
-,. ,., .Ch. -,”

cr.,.,”. ., .  .  .  -r, .,
..,. r.k. ... U,d  ,..., .,, ”,,.
.  .  .  .  .  ,“.,,,, h . . , . .  ,. ,.-.
of  ,.,., , . . ,  ,.,,

P-w mute +..,. . . . . . . z.
.“.,. . . . . . . . . . . ., ,,.,..,.

!-. t.. “IL.... ,. .  .  .  .

,, D,,*, ,h.”,=. t. “.,.,  ,.., ,,.
,hm.,, b. . . . . . . . . .

I,.,  G-b.,.
I @-,. r d-i..,. .It... t”.”

.,,.,.,, - .“.,..,,. ,, ,..,,,.. .M
dc. im ,, .-r ..,,,,,,
.“.,...,

P. Ic- dr. i”.s. .,,..., !..
.“.,*, , .  b, , . . , , . ,  .  .  .
4.,,,” ,, ..-, ~,,v,,,
. ..ld.d

.,. .o,. m. (S, tin,.,, ,.,=, *,.,,,.,,”, .1.., ,..,, .0 ,..,
“.. ”01,.,,. ,. ,hi, .  ...,..

F-,.. dr.im,. .Lt.r. t!..
..0,,.,,. b,  r..,,., . . .
,..,0 i, .-1 ..,1. !,,
.  . . . , . ,

I.o...ibl. t. .V. id .-..r.
d,. turb”c. ,, . . , 1 .  ”,., . . . . .
-., & c , . . . . ” ,  ,0 ,-. :
“E.,*,. ,,,. . . . . . ,,,.1,
“m.”sid. b,,
x ,.,, ., ,,.. H.,,!. .  ,.,06.,,
,, .  .  .  .  , . , .  f., w,., b... .,,,
VM.., d.m? d,.t”ch..e. if ,.....,
rmt. .“.

%. t i“, .,..,.s . . s,..m. ,
,,.,,.,,... “y . . . . . .,.,
,,.,,”.

?,.,.,1, ~,. r  ,=., ..””, ”, .,..
m, s. b,,.,., .“.,,.,  ,,  ,,”..
,,., k, W,..,. . . . ,, .,,
,,,.,.,  .,, ,,,, ,..

hi.. l.. .  .  .  .  ,.? ha,,., . , . .
., ,..,, .sd ,,.., , .  .“.,,.,,, .

,r. J.cc. ..,,,.” hm,.d ,,m I... r

.  C.W CO<,b,  m

. . . . . . . .

[, ,.,., k., ,.,, . . . . . . . . . . “.,
.!,,=,, . . . . . . . . . ,.- ,.p .  .,,.,,,
.,-C  ,.,

. . . . . b“

k . ,  ”.,. .,,.,.,’.. ,,0- .,... <..
. . . . . . . . ,,,... . . . . . . . . . . . . . . .
,“ ,.., O .-, “,  b, .“.”.l ..,,.

,.,..,1., ‘0, .<..,,,.,4 ,,..,.”
.  .  .,.,-.” ..,1. ”,.1 .1.,..

e“  ,.”1.1., ,“,..,, ,, ,.:.,
,,., ?... .“, .,0., .  .  ...”..”,..
,., ,... . . . . . . . . . . . ,,,..,.4:
..,, . . . . . . . . . . . . .,. !,

Ad. .ti.l.
,Cr.”,,  ,.,  . .,”,., ,,,, ,,., :,
,..”,.,,. ,,.,1. .,,,,,.l,.,
,., ,,,, ,., ,. .,.,,, ~. b.
, . . . . . ” . . < .  ~.or ,...,,
..,,= !..

:,,,,, .,,.,..,, .,,

,,, . . ...>... . . . .



3

,: =,,, ~
... . ‘+.’”., J

I I I,.2 0,.,””Ali.r., k. ,, ,,,,. ,. ,,sro,,m ., .-,.,.
,8 so “j.. ,..,s.s. .,..,..  - “w..,.d -.,, ,. C.M. “.-r dr.i-” ,,.R.  <h., *W,. .,, ,a, ,.,,,

.,11  b. . ...0.,.,,.  ,.,. ., ,.pr,.,

. . . ,....I.
. . . . . ..,, ,.,

V.S...C 1=. >, * ~. .* --<., V.,,”  ., -i..k , d,, h.., L“,.. R . . . . “.,,  S,.,,,, * . . .

,.”i,.b,.  m w tirm..,,i.  ,, .,, - ,“ m..sid.bk  ,0.. ., ‘.4 u,!., “,, ., ,0”
V...m’ cat. folk..,

o-. -t ,..,.  ., , , ,...,,  ,.

!, , . . . . . . . . . .,,, ”,,” ,,.  ”
. . . . . . . . . . . ,,,,.,,... =, ,. ,.,,,, ”

4.4 ,,* .

‘  “e,.,.,,..

.,,.,, (. ,,.,.8,. , . ” , 1 . ,  . “ .  m “.-,s.,
,,

,...<., ,0”,,”, ,0”,, ..0,,
,, .,.,., d . ” . , . ,  .  .  .  .  .  k.1 “ , . ,  W,., b . . .  m.,,”., ,“,,,.=,,=, by -,. “,,, -<,.,

1- .  .  .  .  .-1. b.. . . .
“,., “,*,,’,. im.t, ,. ,“!. ., ,,, ,,, “ . .  4 , . , .  ? . , . ,  ,.. !...

.,”,.. *m.. c . . . . ,- ,.,..,,., )” d?~r,.,.. i, ,,, -,,
“.” s , . ” , ” ,  ,,.. . . . . . . . . .

,., P.-K. ,.,..,,.,,, ., P!,,..., ,0  .,,.. !..er. r.,..ur<, ,,.. . . ’  ! 1.!.
“-
-t,,!,.

?.,..,,., ,, ., E,,, I,.”, . . ..,,,
.,, .  .  ,-

B.”  r..-,.. h.r”.. rl. ” . . . . .V....d
.,* .  .  ,0” c..., .’ s-r,.,

‘,



4 I I . ..J

,“11 .C. c.cu. 1-..”. N .( :, . . . .
,.,, ,- “.,., ,.,..,,., L.F.
..a4...t ,0 .mlw.  M* ,,., . . . .
, mm.,, ~.,., . . . . . . . . . . ..(.1

,,,, L. ,0 .  .  .  .  .  .  -., drm,,n.
“.,”. . . ” , .  ,  ,,.,,,, .=.
,,.., t.,.. r.=. 1.., .=..,.d
.  .  .  .  ,.=.,. h,, .,,=, s ~ss,,

m= ,’.?.  c,”..’.,, .0 this
see,,-.  , .,..,,.,,  .( S r i . .
-,!.”d. .,,, hi.- . . . . . ,..1,
. . . . “,, ,.,.,4 ,. .,,

, . ”  1 . . . . .

mu. c-

,., -,”

u’,
,,.,.,,.., 0 ma,,. ., . . . . . . .p. “.,., ,“.,,,,  4.”... -,. b. of h e.pu,.d ..,., W., *C, ,==+-1’..
..,., . . . . i. 1.,,., s,,.,, ,.,,,,.,., .m.r” i. .t. i”it, d ,. ,,,. “Ctlm
“me.,,.,.. .  .  .  .  .  ,“,.. “udt”kt. L .  A -It”-”.b L._
,,.,. “ ,  0. *.

,., k-
AI I...t.- * -,., d..ls.t. ,-.,.. ,, ,,.,.,, c.”..d dr. t”w

. ..p.u.d ,“ r“u.d ,.,<.1. .,,.,., ,- CM, -.,, k ,.,l,. . * O,PLC. “..,”4. .,,.,.t,-
m, ,. C,,, . , . .  b.c.”.s SF =.wc.d  1.  C.,. “.~,-,,.,,., ..,”..

*,3 t.rr.l. -“,” w..  i..  i“ -,1..
..— ,, ,,, ,, ..i,-,. ,  ., cr..”.,, l . , ;

-, r . . .  .  F .  L.w”..h
WC,,,.’” 4 . . . ” . .  cd. t.. “...,,.,” t., . . . . ,,,.,..

,.,,..,”. cr  . . ..d b, cwt.
.b”M”!.. i. “oE  .-11 - .M.-. ,. -~ .-,, -

,., -t,-
.—

,, %“, ,. F.,., 9s.. ..w.t. w .Xp=..d

-...,.,. . . . . . ,“.,,,, ,-.m, ,.r k-., ,, .I , ,Zm  ,mc, b,

,,,.”.. ., -, -1.! I..L, ,..,.  hk.s ‘“ ,hi. r.. Le-

.I.,, -,, ,,,, “ , . . m .  r.-, , . . . , .  ,. *k.= ,W ,.,, ,.., .4, ,. ,.!
-r” f., ..- -,, ,,-., m. ., .,,,.,... ,m.,..

K-C*,  h.. .1 <,* M,,., “,* Pmmm,,., ,.. ,.,. d ,.,,,.,
“ e . . . .  ”  for .,,.,,..”.1 .,
,-.,,c ,,,,=”

,- 1 ‘mbr.-

,., r-l. ,

r-..  * H..,,.,,. ..1 .  . . . 0 ” .  till 0“
,, s. -r..! “Oid.bl. if f-t.

,,.,. to..  d ,L.i.
—

,.. - ‘
mull,. b.. ., , . 9 .  ,,.. h.bit.c -

“.- -.01,., ,. -1... .0.,. CM  t. —
,X.,.. . . . . ,- k.7 .,.”

,., -.C.

>, ~“’~’,  --’’-’~  ‘“ ‘“’-~= b“,. ,.,..” -r ,..O..Q. h.-.,

-.”
h.c..,, .,.,, t...”.. .=1” fe ,,.. , .  ““a=,U,,
,0”,. .,,.,”.,’... i .  thi, —

. ...,0”

.,.,., ch.-, .Mfti., i.
b.,.””, .  .  .  .  .  .  .1 m.ubillt, ~ ::,:’~’::d:b::  ‘-””. brd u..,., ., ,

1
“i-r. .“,,.,, = .-, .=,<, s, ha
(,.,,., m.., “.., S...=. B.,.— ..s,,.”., ., . . . . . s, ,.,.,,
..  .  .  .  .  .  .  !-.  “ .  .  .  .  b. ,... !,,.
i. .,1 .  ..=.

I1
. . . m “..-

,., ..
Alc.r.rlo.

“,, ., ,.m.,1 ., ,0” —

,., f....”
t-l-

,.,,.,” ,,,<”,,.”<. .“Kt.d i“
. ..” ., . ...,” ,,. . . . . “k” u“.- “11  or 1-
,.,,.,. i .  “..

,.’ ,,* ,
.,,.,,,.

- ,.,.W”, L, M* “,, CT 1-

,’1 4, h“ I “,, .  .  ,0.

POtent$,ll, Mqh I mrmtt  .,,, “’*
1 1 I I

4., -=.

a,,k” ,.,,”,,.,,, ,,,, POtc”u .11, hi* “11  or Iw

..+ .



. . .- m.,- ,. ./.-, -., - - - -  , . .  .  / 1 -”,,,

5

..new.ri,., 1 I I

lb.,,, . ,- ,m. .,,  ” ,,= “.,.,
4. P=.1-, - roe. -,=-,..
.*” ,  ,-, , “  ,  . ,  “.,..s

.dC. d tit., m....”

,.t, .  .  “ , .  , , . ”  .  .  .  .  ,., ,. . ,
e. .i,h., ,,* ., “.,.m “.

lb., ., ..,,’.. i, ,,-, ~r.,..
h-k, -,.,..

, .m..,w, ,. ,,,. . . . ..m. .m..,,,,.,..,  ..,, <, ..,,.

,., ,.”.I. .,.. .  .  .  ,. “..,” s .,.=, *,..d G,, ,=. “..,” , “ 1 . . . , 4 . 4 ,
m.,., k,. ‘. m,. ,,,t*m,. k. .s,,. ,.,,,

rim. ,“,.,. i. ,.,,. ., .,,”+.,
..,,, ,,- ,, . . . . . . ,. .-, h.?”

,*C.,., c- .,m, ,,,=1 ,.,,.,,;
,,.,. *.4, ,. -, *- .,,,. .

,..1 ., ,.,,,- ,-,. cr..”. I
$. w. 65 .,0,,, . 1.,1.,. .,., ”,,..<=

.0,,,, !s,1- .W-m. i. ,,,. S8 m,. ,.,,.” ,L.,- -~ 1. ,h.” z -,,-.
,  -.,.6,. .,,,, ,O,,ti., “C,,m; .,.,,, -., ,.,,.,.

..c..,.d d,.,—.
,,. ,.wt.,,m

S,.E. ; .,.., -  mob,  -. .X,.. i.d
,,a”,f, ..’.  .,,,”,,.”.. ,m.,b,, ,,mi(, “,, ,,,,”rbmel

Di.,”rh..a. b.,.”.. tbsr. ,. .  ,.,,. r . .

4

*4::. “,. 4,., U,M.C.
., .,* ,,.. “1.. ,.,,, ,“ F-.. ibl. -+.- .-c. ., . . ..s

b .1s”,,. Urr.h ,,.,.-.~e,.i , .  ,h.” * .  . . 1 . . . ,

-,,d. ,,m n.,,,,,, ,. m -c-,. -~=.,”

lbreh,.m ,,
,  ,  III,,.,,-

m..w, k. k “,., .,c=. t,m . . . . . . ,,. ” -..”,. .  “In,,, --., “i.”. c..ik. —!. -M

(fi.h ‘ ,Cpm,.d , .  ,,,. ,C=, m”; ., ,.r,  bs. em,, b, ,,,,.,b* b. I.,,-.d , .  CM. “,,,-

.,,., ,*.) -.,  w,

* - .i,r.c i- .m.t.. .- b ,  rm”t. ,. th... z

i. ,,,. .  ...,- ..=. -; —, w?,



6

F==Uvlmmmw
Fmws

,., ?bm,ou.oh,

r..,.” “,,md “1,, d=,., ,,,,,

I t.- W,.d .,,, ,1.d.i .rL*r I,. * .,- ‘..
, . , . . , 1 . ,

1- -n.]

,  3 S“. tic,.l
P.,..,.,.

,- .-C.)

,,, u-
C-I.W

(c. r-t.)

i., m., ,
“,,4,,,.

lZ?..U

,., ,** .
.,,4,,.

(c. r-”,.)

,,, “.w”c,m

,=. r-.)

e. ...,., . . . . ,-,.,  “...,..,,.8

1 . 1  y.dak.,.

(i..,. ,0!
.,,...
.-, ”.,,..,

E“”,*. Caums

2.1  M.,.,

wilt,

‘ ,  ,’

1

m “m “.C. r ,“.ll !,,--- 1. ,h.” * “E.*”.

US.,.,,. ,.,,..,., . , . ”  ,  ., “.,., ,-1,,, “,.,.-”.. . . . . ‘ . , .
ms “,0. .-.”” r“.b” .  .  h . ”  gm”.i., t...  .  . , .  ,,,. .=.,,.” ,....” .,

L- ,imif.  .X,,. .’,, led ,, “.C,.md. ‘  ,ms. “.,,,.. w .,
d“t.re.d SUC..  L..., .,,  ,10),.* m.-

Al”r.,i-

*.,  mm.”
m...r-

*., ,Wt., ,-
Di...rt..t. sip,,. “q.  .,..,.s p?..,,,. ,,

M .*,,. -“t,m ,,.,..,.”,. ,rwct=d -tr,c,k. .  .  .  “..., ub,.
i. -,.d

M-5.,, ,-,. ., <.ritiu i.
., ..,,,,.,.,  bd km.” n.,, w . , ?,,1 L. ,. t.p. ,,.,,,!4 I.k. 6

k.. .--d 1. CM. S.=! k- ,,,,. ,  m.,.. m. (6, i , ,0”,, .,...,. ,,., ”.,. b.-
,“,.,”,,., b, .im,,”.: “*, ,,,,. L, , m.,.. ,.CG.,...m
hr.. h.,’,., .,,.,,4  ,, ,.=. ‘ !*., h,,,.,, . . . . . “..,,””m .-if. h’bic.c  1.., .XF.CK. .md..,.  . . . . . . . (4)  ,, ,.,,,., (,0) , b,,,.,  ,., ,.” .. m. . ..XM. ,.t.rMcc.d: “,.. .mc.m ,.,..,.  ‘w.,.,  (9) .*, .r . . ..db, mm: “,., em,.r”
,., -,,., Herr”..”, c ,. . . . . . ,.te, ,., ,..,..-, ,. . . . . . (9,..pad 1. ,,,. -,,= (4) ‘ (6) ,, .=,  .m.t-th .,,d (,0) ,, —r .m. m,,.chX,’.,,,., .=,,.,, ,.,

*.,  lutr..,-
.i.rm *

:;:,:O)

, . 6  m,,,.,

,fhh ,
* “ * * , . ,

,., “,,,,,,.
..—,

w .!$”(,. h,,’.., , 0 , .  ..p..,.d ,,”.,,, .  .  ,..,,, ,.,

“1
h.r, .  .  ..a. -, L.., ..,ik. - fr’. .- ,..,,,,.”.,,,
.  ..d tibir.,

2., - - -
““
co.,,,.,.

-J- ..t.r W.ll!, .- W.b - . - d - w . .  U ,“...,
..wi,. b,. !’ m.k. .  .  .  .  . . . * . . . . . -i.!.,m.4
..,, de’,..d

,., DT.ime
.,,.,.,,=. I I *m@ri.t. d-!- f.r ml- . .

I
?..,. -,4.9,. ,, p,.””,

.,0., ,“* . . . . . < L , . , . . ” ,0”,. “,”,.,*.,*,,, ,,.,..,, .,<.,. !-
—

I,., r.,..’. ‘
V.”,.,,- 1- ,*@i,. ,.-.,. ,,.,”.-. ,. I ,.”.,. 4 “ . .  ,,.tmrh.M.

-...b,. Cd,”.’.,  . . . . . ,,*. -“**.  ,,  W.”., cc.,,.
. “ . ” 0 , . . . , .  ,, .  . . . ” .  r-  “,.ti,..d I
“i.t.1”.d I
,.,,-. ““.-,,.* ,, ,,.,.,,.., W,,- w.w,,.b,. ,,.,.,,,.,
.,,,.,. if ,r.,,., ,m,. , .  .  .  .  . . . ” . . .  ,, pf.,.o, -,.
“,.,.1.<, “ , . , . , . . .

,., ,,., .
“,,,,,,. u..,” .(,-,. 6“  h,-,., h . , .  ,,,.,, .-,,.,,. ,,

.. WC+,I.,.  ,,.,.,  .,  ,“du,, r,., ..,,,,,,.. I
I ‘ ‘-’”’ ““”=”””* ‘“’n ‘“’ “’0” - ‘“-’- ~k“,. ,..”&. .M

-+----+
,., . ..h.g.

A,t.r., i- USL.” ,W” .-.  “r,-
“,, ., k. d r.,- .,,.,.,,- Mb,, , .

t. ,,,. ..e,*

I,., t.”.l.

-or.-

---t+-

k.

,.. ,,* ,
“,,,,,,.

‘: d. ...4.,, ,Wct. .  .  .  ...”.,,., “.,4 ,,,,, <.,, ,. ,,.,, <,

L. ,  “,.-,.,
b,,
,-!,,,,. I .,,

. . . . . . . . . ,,,..,., ,.,,, ,“
,,” “,,,G.

.. ... .



UV19. Cmccm
, . ,  W.l.,

C“.IIC,
ml- “St=. ,..1!,, . . . . . . . . . . .m.r ,..,,,, “1.— b,

:.,,. be...,. of  4-.,..” . . . . . . . ., -.,- “h.. ~
*k.,, ,.

,., .- DT.  ima,. .,1.,.,,.” .  ..., b. ‘m,
.-. ,., Pa,u.e  ,. ~o,. ~., ,“*  . . . . m. ..j

1
m,, ,.,,1.. , .  ,,.”.,,,  -, ,,m ,,.,=,..,., ,Ou, h”. d ,,,, ,.
,...,. ,0 ,...., -: .,P,C
,,,,.,.

ore+. ,,,., s.=,,.. m., < .  ,.,.

,..1 ““t,. .  ..1. b? ,.,, ”,,  (.,,,

I

m “,., .-m. lo “,., ,-.,..

4 ,  . * . . , .  .,. .r.’t  i.. ,. .,.,..
I, . ,  ,.”.,.

Mm.(u.t. k..<.i.e ,,.,” .-A ,., -,
,,,.” ,..,. ., h,... , .  “,

>,

,.i,  .fn!.--,”, b,b.
. . . . ,.,,, ..,.= ..,, ,..,., ,.n.  ,,,..  ,. . . . . . . . .,.,., *,. ma  -,.. -.”.
..”., N, C,..

. . , .  c-r..

DG,.rt. m.. “. .. 1’..
$+

. . . . . . . .

,., Iu,,.,,a
I

.,.,.,1 , ’ . P. ...,,., ,.. .  .  .  .  .  ,i. r”p, ,mm ., .,, ,, ...
(lL.h .

mm “,., .lp.!k  d *.,-.P.,C.

.,,,,,,.) , .,’....,,. .  .  .  .  .  . .-..4 1. CM. ..t.,a.

1 Iz., w,,,.,
L e . . *,-C,., ,-. ., ,,.b  .“d w,-,,.,  k.. ., - .  ..Lg
,fi.h  L . - -  b-it., M,”,

.,,,,,,.,

I I I,., “,1,,,,.
w,,”-,

u...,,-,  h.,,”.,,”,  ,.,,,,,. ,“ m.,.  , “=,  ,mo

I I1,, k-r,.
u.. ke. t,n  Arc,’=  C.- ,,,, .,
. . . . . . . . . ,2 .,, ., >* ,“.,.  . . . . . ,0 .> “o ,.....,

!.”,, *C,  ..,., ,.*

, , 1
,.2 m.’m.,.

,,,.,.,,0”

1 1 I
,.,  ,.,1.,. ,

“.”,.,  h,
—

1 I I
, . ’  ,,.” ,

“,,,, ,,.

,., . ..Q. =,
0..
.-,,1,,. %, ..,,, =.,,. . . . . . . . . .

mm  w,crs
.1 “.,.,

W.,*,,
. ,..,,,,, “r,-

I I I.’ r,.. ,“,,,,,,. ,...,,,, “Z*W ,.,.,,,, ,.r,-

I I

,0  .. ,0, ,., ,”!., ,.. . .,, ..,.,

10 “,- -.. I MO “,0, m<,,.”
I

. ...,,.  L... ,,,=l,s. He .kt
,0 d .  ., ,.”,. ,. .  .  .  .  .  .  . “’, ., ,-
!..,,,<, ..,.,..,

1 -
. . . . I ,.. .

I

I 1{ .Kd’”” ,.., b . ” , .  ,r.mebd
.,, 0! k. se.. ,,.,..,. .,,.,.,, -  1 ,”,,

,,, . . k“ I ,,, . . ,- 1
.,, ., k.

I ,,, . . ,W I

“,”!., r.”*, ., r . . . ,  ”..,., e.r, b.
krd ,,,..,, .,, ., ,“’. . . . . . . .

h,,, fit,. .  ‘. k.,! ..,,,,..
ii.,, ., ,,.”,,,,.”, P.., PL.t...s

?m,mcd LB? site  . “  K“!’. R ,,,1
.{, m., 5,., , ,,!.. r$ v,r. ,.,
b, ... ,,.1 “,  ,,, .! ,, . . . . . . . .
.,.  . !!!,.,,=,  ,,,.,, ,, b. ,,, ,
,,,, ,,, ..,., .  % ,,. , ..,.,,.,,=,

-]- -u, W.ut, .e”.. r”.  . .
%., ,. 6 -,,. In,,. “.

Dr.,..& .,,.,.,, * ,tiu,. be
. . ..d.d ,. ,r.t,,, ,,1”.,,..  ,
d.,,. ..  .  .  .  .  .  .  .  .  ,.., .  b,,,
r,”.,,

SC,=.. ,.”,, ., s . . ,  R. , ,.,,,

G,,. . . My  “,l. ,.rti.”l.. . . . ...,,.,  .m. t.”,,,m

..,,- . . . ,..,”=, ,..,,.  “,, +,,
,,4, .,.. ,“..,, b. ,r . . . . ..d

(n! 11.lt of  , . . .  ,’.. ‘  .  .  .  .  1“
m.. ; m..”., CAi..,,m .’ . . . . .
r,.,, . . . . . . . . . . . . “.., ,.  ,.ch .

,.,,- A..,., ,. s , . ,  , .  .  .  .
.“,,,. ,. ,,,. .  . . . , - ,

, . . ,  , .  ~u, h ,. ,ecmd  -,,

b. ,.1.” ,.,,’.. .,,. , .  “.,,
,“d.m l . ,  (.,,., ..,.m .,-,
,., ”.,,)

,=!

cr...,m, ., ,.., , .  ,. .  ..””...,l,
,.! ,,..,., d,.,”. ., ‘,.,,,.. “.. ..., ,,.,,..,

..-

.,

,r.”.hi.# , . , .  ..#, ..,.,, .  .  .  .  .
,.1!,.,. .,., .  ...,-

,, .,.<., .m,,N,.,q -

1.1., -  t 1- “i,, . , . , . . , ” ,  . . , , . . .
Mb,,

“,, ., ,W

,..,,.. ,.’. .,, <.,” . . . . . . . . . ,.,
,eh,. .Cudy  .,” .*,,  be . . . . ,.
,.., ,W.,, o.. . . . .“, ,.,, Biro,
,“, <.,1””  .< .,,.., ,.,,., O
.,..,.”..



——

~

—

—

—

—

—

—

—

j
:

—

—

—

—

—

—

—

.-:,
[~;,,.
ii:

?!

I
—

——

—

—

— — —

9Z



, -7 !...,... ,,. .s—- ->, ,-,. ,.. -., b ,

mv~nvu

)., ?bw,.r.rw

=

.
--l

I I I

*



==t=

==--t-

-=E--
=--l--=

==-t-

+

=E
,., ,.s.u,,m

o,.wr-

6,

1., m,r.,,ca
,,.,+, ,-

<Fwh  6
.,,,,’,.,

,., u,,,.,
b..

O1.b,:={

,.7 Uilmt,.
..”-!

=7=

T
2 .  .  ..e.”

,,,.,.,,-

67

. ,  ,.,,.,. ,
“.,.”, &

T
. . ,,., ,., M, ,,.

,  t..-,..
. . .h,,,.,.

I
) r.,,.,.

“.,.,.1 ,..

*

4 .,., ,
“,,,, l,.

,  “.... -.
L,.
co.,,,.,.

I

,Ie=..br i.” ,,,.,, ,,,. ,,.,, ,,.. ”,,,..  ,,,,,., ,.,.  ,=.=,
,,.,...  .,,,  ,- ,..,, ..,.,.,’,

,,..-,,..  5,,, ).. . . . ,.=,,,.,.. ” “,,, ,- ,.,,, . . . . . . . . . Prec”b r:.” ~hitld, ,.. ),”, ! FCc...br i.. ihi.ld,  rll ,...,

-7 -?1, dr. imd d., r... s.s ‘ -., F--r,, dr. i”.d 4.,,...,... .
,,.,... .,,. ,- ,tik, ~,c..  p,, P , . , . . .  .,<. ,W ~e.. ..,,,..,, ,,.,”. “I,. ,- w,, ~,erw..

“., - . . . . . “.,,- . . . . .
..”, -.1, d.. i..d . . . . . . . . . . . , ““, p... .,.,  md  ,.,”.,, m,  ‘
“.,- ,.,=.

-, P-1, it .Im.d d.w...l-’
Mr.- , . . ” ‘  r-o L.k.

.,, .,, .** “,, .

mm d -r. i.. t. ,1., ”,1,  ., s?d,- w,, .,., b.dm,: ..4, -
H.”.ko L.  ti,m ,==,-., .,

sh.,,o” ,0,, -, ,.d,m* d,ti
k.q”..=, ., ~...,, .=, ~. ,“.  ..”, ,,e-, ., -,” r“”. 2  ..C,* - l-..trl” A.?a,,. “’,, i.,.,.l,,at d,,,,-k.,: . . . . . . . .,”., .,., ., * S-..1 .-it., dd,.lz.d ,,,,

b.d=k * -.=-. mlid.  md  “c.rid .,-.
.  .  .  .  “d. . . . .

Ot..k”l. “. ,. “,” mm.,.,. ,,,.”, “. ,, “ ’ .  . , . . . ,  ” , ; ~, ,. ,. “,. .m.,,w,
o-n.. m . . ,  ”,, ., .“,, ,,- .-,- ,..,. k., ., -,, . , - _ _  .-..@ ., ,“,, * -1- -“r ,m..i.m if th... * ..<,,..., .-,-. -,,
,,-., .,,.- ,,0.+.’ ,,r.- ,,-,  ,e.iac  ,t..- .,rm em,.,.”

c.., d“.,,, r.....,, . . ,.,. frc. k. ,.,,., ,. b“,,.., -“  .L,o r.” ,, -“,,0-,, .ib i“ -, ..,,,0”, .,..., ,= . , ”  ., -,.m
k..t, f.- O.Mok’ L (1 )  .  ..t...d. ,-,,. l.m.&.m. u.” ,.,, “p, d 4,.,. - c...,,, {,  -u,.!,  .,. ,,L.  w,” _ -=:
.0041 .=4 =..1- cm.. m“ttmm  tre. k. .  .  .  .  .  ,.. . . . . .

I. . I I
1- ““h m -’1’”1 ‘--’*””’- “-’” , - C-C”’ — M*

— — .ipig.”.o”.”. k ,r...m. ,*,
.

b “j.r’<..=.mo
I

m. ,0,- ., .lD..,.,.c.d  smi, “.,1.b,.  ,., ,,.. ,,-. ,. ,.,..,., “.t M. ,. ,1.l,ti w cb. “,.,,”,,  M* ..,., ,.,,.: ,. .=, ..”.-11 b“! Pr. Lc.,sd ri..,  ,. ,M “.,..  ,.,,. . . . ..,,!,.,.  ,,. ,-,,., . . . . 1. I n - ”  lb,.. . -,., ,—,., .-,.. ., ., H,,..
CCa,  trmc,,m r...,,,”. , .  b,.=k.d dr.,q. .,,, .*”, M., ,,*, ,.,.
m.., m. prom., ,..,.

m,. Ce.Jld  b ., ,=., .-.- ,. ,- ,.. -  h.m., .  .  .  .  .

I I I I

I I I
1 I

I I I I

I I I
I .,...4,., -.. A .th.. . . s , . . , . , . ,  d i , , c . t i e ” .  ,., ,, R,,”= . . . . . . . . . ., ,:re, c.d  _,, *.

h.” b“” .,*..,,” ,. p,..”,,., ,.,.A .  .  .  .  .  t.,,.., C,.*, . “ . ”  .  .  .  ,., :,., ,,..,.. ,:
,,. “1,.ti, I I

I

, I 1 I I



APPENDIX I

Specific terms of reference for this study

To prepare a detailed “discussion paper”, primarily in the form of

maps and legends, to be used by the Arctic Islands Pipeline Study Board for

definition of the 1977-1978 Environment Canada field program for studies

along the prime route now studied by Polar Gas.

The material would identify and summarize:

(i) the main features of terrain, vegetation and wildlife along the prime route;

(ii) the expected impact of the proposed construction upon the terrain, vegetation

and wildlife;

(iii) the estimated potential for mitigation of the expected impact through

alteration of project design;

(iv) concerns remaining even if appropriate mitigation steps were taken during

(v)

1.

2.

3.

project planning and construction;

knowledge gaps and recommended subjects for further field checking in

1977-1978.

The contractor agrees that:

Each of the nine (9) 1:1,000,000 maps will be provided on a mylar base

suitable for reproduction and will delineate relevant DOE areas of .
concern and reference same to the attached legend;

The report will include a discussion of scope of the study, methods

employed, references used and a brief review of the concerns and knowledge

gaps portrayed on the maps and legends;

Arctic Islands Pipeline Study Board personnel will be provided the

opportunity to meet with the contractor to review and discuss -

a) the format of map legends prior to tabulation of information

b) drafts of the nine maps, legends and report prior to finalization.



31

.-
.

APPENDIX II

.



.3.3

I

I

7 May 1976, Volume 192, Number 4239

-.. .

AMERICAN ASSOCIATION FOR
THE ADVANCEMENT OF SCIENCE

Science, serves its readers as aforum for the preserr[a-
tion  and dlsctsssion of Important  Issues related to the ad-
vancement of science.  mcludmg  the presentation of mi-
norily  or confhctm$ Pmnls  of wew,  rather than by pub-
lishing only matgn~  on wh!ch  a consensus  has been
reached. Acc@ngiy,  dl  arncles pubhshed m Science—
including edl~onals. news and comment. and book re.
views—=e  st?ned  and reflect  the individual views of the
authors  and ~ot official  pomls of view adopted by the
AAAS Or the msll[ullons Wllh Wlrlch  [he aulhors  are affit-
ialed.

Editorisl  Bo~rd
1976

ALFRED E. BEIROWN FRAN K PRESS

JAMES F. CROW FRANK W, PU T N A M

HANS LANDSBERIi M AXINE S INGER

E DWARD N E Y ARTHUR M. SQUIRES

1977
W ARD G OODENOUGH D ONALD K E N N E O Y

C LIFFORD GROBSTEIN N EAL E. MILLER

H. S. GUTOWSKY RAYMONO H. THOMPSON

N. BRUCE H ANNAY

Editorial StatT
Editor

PHILIP H. ABELSON

Publisher Business Manager
W ILLIAM D. CAREY HANS NUSSBAUM

Managing Edifor:  ROBERT V. ORMES

Assisfanf  Edifors: EL L E N  E .  MU R P H Y, JO H N  E .
RINGLE

Assisfarr/  10 (he Edi/ors:  RICHARD SEMI KLOSE

News and Commenf: JOHN WALSH . Editor; PHILIP M .
BOFFEY,  LUTHER J. CA R T E R, BARBAISA  J. CULLITON,
ROBERT G ILLETTE (on sabbatical). CONSTANCE HOLD -
E N, DEBORAH SHAFLEY, NICHOLAS W ADE . Ediforia/As-
sisfanf,  SCHERRAINE  MACK

Research News: A LLEN L. HA M M O N D, WILLIAM D.
METZ,  THOMAS H. MAUGH 11. JEAN L. MARK , ARTHUR

L. ROBINSON , GINA BAR[  KOLATA , FANNIE GROOM

Book Reviews:  KATHERINE L IVINGSTON . LYNN M A N-
FIELD , JANET K E G C

Cover Editor: GRAYCE  FINGER

Ediforia/  Assisfarrfs:  JO H N  B A K E R, I S A B E L L A  BOUL.
D I N, MA R G A R E T  BURESCH.  ELEANORE BUTZ,  MA R Y

DORFMAN.  SY L V I A  EBERHART.  JU D I T H  GIVELBER,
CAITILIN  GO R D O N. CORRINE  HARRSS.  NA N C Y  HART-
NAGEL,  OLIVER H E A T W O L E , CHRISTINE KARLIK,  MA R-
G A R E T  L L O Y D. J E A N  R O C K  WOOO,  LEAH  RY A N, LO I S

SCHMITT , YA LI SWICART,  ELEANOR WARNER, ROB-
ERTA W E D G E

Guide  (o Scientific  lnsrrurnenrs; RICHARD SOMMER

M e m b e r s h i p  Recruumenr:  GW E N D O L Y N  H U D D L E;
Subscription Records and Member Records: ANN RAG
LAND

Advertising Stiff
Dirccto, Production Manager
EARLJ. SCHERAGO M ARGARET STERLING

Advt-rrising  Su/cs  Manager:  RICHARD L. CHARLES

Sates: NEW YORK, N.Y.  10036: Herbert L. Burkhmd, 11
W. 42 St. (212 -PE-&1858);  SCOTCH  PLAINS. N .J. 07076:
C. Richard Callis, 12 u“ami  Lane (2(JI .889.%73); CM].
CAGO, ILL. 60611:  Jack Ryan. Room 2107, 919 N. Mich-
igan Ave. (312-DE-7-4973); BEVERLY H ILLS , CALIF .
90211: Winn Nancc,  1 I N. Ls Cienega Blvd. (213-6S7-
2772); DORSET.  VT. 05251: Fred W. Dieffenbach,  Kent
Hill Rd. (802 -867-5S81 )
EDITORIAL CORRESFCINDENCE: 1515  Massachu-
setts Ave.. NW, Washington, D.C.  2CX305.  Phones:
(Area Code 202) Central tJftice:  467-1350; Book Re-
views: 467 A367; Business Office: 467441 1; Circulation:
467-4417; Guide tO Sc]en[ltic  !nStrumcnls:  467-4480;
News and CommenI:  467-4430; Reprints and Per-
missions: 4674483: Resesrch  News: 467-4321; Review.
ing: 4674443. Cable: Advancesci,  Washington. Copies
of “Instructions for Contnbutors”  can  be obtained from
the editorial office. See dso page xi. Science.  26  March
1976. ADVERTISING CORRESPONDENCE: Room
1740. II W. 42 St..  New York. N.Y.  ICQ36.  Phone: 212-
PE-G1858,

—.

S C I E N C E

The Impact Statement Boondoggle
The demand for “impact sttitements””  evaluating the environmental con-

sequences of human activities in natural ecosystems seemed a natural out-
growth of the rise in ecological awareness of [he 1960’s. This idea, designed
to protect our natural resources, has to some extent pacified the demands of
ecologically concerned citizens. These citizens should have another look.
Having seen the results of many of these impact studies, and evaluated pro-
posals for second-generation studies. I believe that the idea has backfired.

Many politicians have been quick 10 grasp  that the quickest way to silence
critical “ecofreaks” is to allocate a small proportion of funds for any engi-
neering project for ecological studies. Someone is inevitably available to re-
ceive these funds. conduct the studies regardless of how quickly results are
demanded, write lm-ge, diffuse reports containing reams of uninterpreted
and incomplete descriptive data, and in some cases. construct “predictive’”
models, irrespective of the quality of the data  base. These reports have
formed a “gray literature’” So diffuse. so voluminous. and so limited in distri-
bution that its conclusions and recommendations are never scrutinized by
the scientific community at kirge. Often the author’s only scientific creden-
tials are an impressive title in a government agency, university, or consult-
ing firm. This title. the mass of the report. the author’s salary, and his dress
and bearing often carry more weight with the commission or study board
to whom the statement is presented than either his scientific competence
or the validity of his scientific investigation. Indeed. many agencies have
found it in their best interests to employ a “traveling circus” of “scientists”
with credentials matching these requirements. As a result, impact state-
ments seldom receive the hard ~crutiny  that follows the publication of sci-
entific findings in a reputable scientific journal.

The advancement of the scientific method is also  in jeopardy. First-rate
natural scientists are finally Ieurning  to set and [es[ hypotheses and to study
mechanisms and processes that are important in natural  systems, rather
than simply to survey and catalog the systems. They are, however, usually
not attracted to the undefined scientific problems, complex committee hier-
archy. and unrealistic time constraints that are usually attached to ire-pact
studies. Instead. such studies are often done by scientists who cannot suc-
cessfully compete for funding from traditional scientific sources. In general,
their methods are ancient. descriptive “textbook” techniques, which do not
reflect either the many scientific advances of the past decade or the prob-
lems unique to the study undertaken. The same tired old bag of tricks is ap-
plied to studies of every type, regardless of the type of impact anticipated.
The type of data genera[ed cannot usually be extr~pul~ted  from one ecosys-
tem to another. because studies were not pl~nned with that as a major objec-
tive. As a result, each new study  begins with little or no logical background,
and no master plan for studying environmental processes is emerging. How
well a particular study is funded is a direct function of the value of the re-
source [o be affected. with no consideration given to (he amenability of the
system to study or to the quality of science which might result. Enormous
sums are therefore spent  with little or no scientific return.

The continued application of such studies can have several effects. incltsd-
ing increased prices for natural resources; a declining credibility for environ-
mental science and scientists; a reduction in the overall quality of scientific
personnel; and the degradation of our natural resources, not as the result of
the direct activities of industry and government, but because of the inetTec-
tual groping of environmental scientists.

If we are to protect both our resources and scientific integrity, environ-
mental scientists must seek to put their studies on a scientifically credible
basis—to see that problems, terms of reference. funding, time constraints,
reports. and conclusions are all within a bona fide scientific framework.—D.
W. SCHIN DLER.  Leuder, E.rperimentul  Lirnnology  Project, Fresh nuter insti-
tute, 501 Universi[.v Cre>cent, Winnipeg, Munitobu,  Carrudu

$

,
I

=

I

I
,
!

t

I

. . . . . . . . .



,’
,.

.,
‘.

-,

. . ~ . . -

I

.

●



iii

[
1

I

,

I
i

Table. . . .

1.

2.

3.

4.

5.

6.

7.

8.

of C.qntents

General Purpose and Approach in this Study

Assumptions Made About

Sources of Information

Methods of Summarizing

Proposed Pipeline Project

Available Information
4.1 Environmental features
4.2 Environmental concerns
4.3 Potential for avoidance and residual impacts
4.4 Research needs

Generic Concerns that are not Geographically Specific
.

Criteria for Identification of the Most Important
Residual Impacts

Summary of Research Needs as Presented on Maps and Legends
7.1 Geographic areas along route where most

significant and controversial conflicts
with biological values are expected

7.2 Geographic areas where inventory data should
be obtained over a wider zone in anticipation
of route alternative questions

7.3 Geographic areas that call for special
attention by some of the specific
research disciplines within the Department
of Fisheries and the Environment

Comparison of Spence Bay- Mansel Island Potential Route
with Spence Bay--Manitoba Border Potential Route

Sources of Information

Appendix I ,

Appendix 11
●

1

2

3

4
6
7
7
7

9

10

12

12

12

13

15
.

17

25

27



iv

. . .
List of Figures

.*,
1. Index map of potential gas pipeline route from Spence Bay

to Mansel Island, N.W.T. (maps 5a, 6a, and 7a) and
potential route from Arctic Islands to Longlac, Ontario
(maps 1 to 10)

List of Maps

5a. Murchison River

6a. Quoich River

7a. Sutton River

5

21

22

23

I



- 1 -

. .
1. General Purpose and Approach in this Study

. . .-
.
*

The purpose of this study was to prepare maps and legends that could

assist the planning of Environment Canada’s 1977 field studies along a

potential Polar Gas pipeline route from Spence Bay to Mansel Island,

enroute to Nouveau-Qu=bec. A previous report prepared by Western

Ecological Services Ltd. in July 1976 provided similar information for

the proposed Polar Gas pipeline route from Ellef Ringnes and Melville

islands to Longlac, Ontario.

The first steps were to mnsider readily accessible existing information

on terrain, hydrology, fisheries, wildlife and land-use along the route,

and then to summarize the expected influences of a chilled gas pipeline

upon these physical and biological features of the route. The next step

involved a personal judgement on the possibility of avoiding the

identified interactions between environmental features and pipeline

activities. From this a list of predicted unavoidable consequences

emerged. These remaining concerns were a guide to the suggested subject

areas or geographic areas for additional research effort in 1977. In

addition, some general criteria that aided identification of the most

important environmental concerns are summarized in the concluding part

of this report.

The specific terms of reference for this study, and for the study that ●

preceded it in July 1976 for the Arctic Islands to Longlac proposed

route, are attached in Appendix I.
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. .
2. Assumptions Made About Proposed Pipeline Project

. .. .
-

Unlike the fairly specific proposed route from the Arctic Islands to

Longlac, Ontario, a detailed route proposal was not available for the

alternative that would extend southeastward from Spence Bay towards
.

Kovik Bay in Nouveau-Qu6bec. However, the latter alternative has been

shown in generalized maps publicly distributed by Polar Gas. The

approximate route shown on such general maps was taken as a broad

corridor, about 15 mi. (24 km) wide, on the three map sheets that accompany

this report. It was assumed that a route proposed by Polar Gas

southeastwards from Spence Bay would fall somewhere within this mapped

corridor. It was also assumed that this mapped corridor is not fixed

so that avoidance of identified problems by route changes is a realistic

option. If comparisons are made between this report and its earlier

counterpart for the Arctic Islands to Longlac route, it is important to

realize that the earlier report identified environmental concerns in

relation to a fairly specific route proposal whereas the present report

identifies such concerns in relation to a wider zone in which a specific

pipeline route might be proposed later.

It was assumed for this report that the proposed gas pipeline would be

buried and would be chilled at least to the southern limit of continuous

permafrost. It was also assumed that all inter-island crossings would

involve tunneling that would avoid the immediate coastline and bting

the pipeline onto the sea bed at about 150 ft. (45 ~,1) ~eloW sea level.

In making judgments about the potential to avoid problems at stream

crossings it was assumed that such crossings could be either buried or

bridged.

. .. .. ..

. . .

,.
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. .
3. Sources of Information

. . . ..-. =
+

For environmental information along the proposed route, primary-emphasis

was given to mapped information but a large number of technical reports

were also checked. Although there was some reference to unpublished

reports prepared by Environment Canada researchers on the basis of 1975

pipeline–related studies, most of these referred to areas north of

Spence Bay. Interviews were not held with involved researchers in

Environment Canada because one objective of this task was to present an

opinion on priorities for 1977 research independent of opinions that may

be held by the researchers themselves.

Atlas information from the Inuit Land Use and Occupancy Project (see

reference 26) was available for the analysis from Spence Bay &’Mansel

Island but was not available in July 1976 when the analysis was carried

out for the route from the Arctic Islands to Longlac. Appendix II shows

two examples, for the Pelly Bay and Southampton Island areas, of the

kind of mapped” information that is now available for the analysis from

Spence Bay to Mansel Island. Similar information compiled by the Boreal

Institute for Northern Studies for Inuit Tapirisat of Canada (reference 5)

was available for both this analysis and the July 1976 analysis.

However, it must be stressed that if there are to be comparisons between

the three map sheets of this report (sheets 5a, 6a and 7a) and map

sheets 5, 6 and 7 of the July 1976 report then the latest published “

information from the Inuit Land Use and Occupancy Study (references 25

and 26) must be considered in conjunction with what is already shown on

map sheets 5, 6 and 7.

All sources of information are listed at the end of this report,

numerically in alphabetical order.

identifies by number the sources of

legend. Where no numbers appear in

information in that row is based on

. . . contractor.

The second column of each map legend

information for any given row in the ~.

column 2 of the legend, the

the judgement or knowledge of the
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The

Methods of Summarizing Available Information

potential pipeline route was divided into three segments (Fig. 1)

each approximately 250 mi. (400 km) long and 125 mi. (200 km) wide.

On each map sheet the potential pipeline route appears as a zone about

15 mi. (25 km) wide and this zone is arbitrarily divided into 50-mi.

(80-km) segments, a common length of a pipeline spread during construction

These five 50-mi. (80-km) segments on each map sheet coincide with

five vertical columns in the legend below in which information is

summarized.

.—.
.

, . . .

,..
.“,:,.,

.,

.,,
;:
. .. . .. . . . . . . . .
.,,, ,, ,

.

The original request from the Arctic Islands Pipeline *Program Study

Board, for the work completed in July 1976, was to consider an assumed

zone of influence 100 mi. (160 km) wide (50 mi. [80 km] on either side

of the route). This was changed to include the entire map sheet as the

“assumed zone of influence”. In either case, this is a very arbitrary

“zone”, especially for migratory species or for things that move with

water or air masses. It must be stressed that the “zone of influence”

considered here (the map width of about 125 mi. [200 km] ) is not

intended to imply that this is the expected zone of “biological influence”

of the proposed project. In a broad sense, defining the zone of

influence is itself a high priority research need in proposed projects

of this kind.
.

For items 1.2, 1.3, 1.4, 1.6, and 1.7, in the first column of the legends

the emphasis is upon features that would be direc;ly intersected by an

assumed pipeline route. Similarly, for items 2.2 to 2.6 under environ-

mental concerns the emphasis is upon features that wou~ be directly

in the path of an assumed route. In contrast, the word “zonal” in item

1.5 refers to features that occur anywhere across the width of the map

sheet for any given 50-mi. (80-km) segment of route; item 1.8, special

environmental features, can also be located anywhere across the width

of a map sheet. Similarly, item 1.1 (physiography), 2.1 (water quality),

2.7 (wildlife harassment), and 2.8 (resource–use conflicts) h’ere considered

on a zonal basis rather than a right-of-way basis. In a few cases,

features off the map sheet are also mentioned, such as the core area for

polar bears on the east coast of Southampton Island.



-5-

.-

Fig. 1. Index map of potential gas pipeline route from Spence Bay
to Mansel Island, N.W.T. (maps 5a, 6a, and 7a) and potential
route from Arctic Islands to Longlac, Ontario (maps 1 to 10)
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4.1 Environmental features

. Environmental features could not

form for any given 5C-mi. (80-km)

.3

=

be comprehensively described in tabular

segment. Any environmental features, such-a:

climatic parameters, that were unlikely to have distinct section-to–section
I

variations were excluded. This analysis gave more attention to features

on land than to marine features near the proposed route. This was not

meant to imply that such a project would not result in important changes

to marine ecosystems; emphasis was simply placed on terrestrial

ecosystems because there is no publicly available information yet on

marine and coastal locations that would be proposed for supply and

staging facilities for such a project. Marine mammals that interact

with the land (polar bears, seals, seabirds) were considered in the

vicinity of the proposed route on land, but the geographic area of

research interest for marine species should be broadened when locations

of proposed marine industrial activities are known. In many cases this

would require an analysis well beyond the geographic area portrayed on

map sheets 5a, 6a and 7a.

In the section entitled environmental concerns, comments were limited to

those items judged to be of most importance. For example, loss of

habitat used by muskoxen, migratory waterfowl, or polar bears is a

feature that would have been identified, whereas loss of habitat

important to lemmings or passerine birds would not have been listged.

The main criteria used in these judgments are outlined in Section 6 of

this report.

For surficial materials (item 1.3) notes were restricted to those

features thought to be most relevant to engineering activities. In

general, the environmental features identified in items 1.1 to 1.8 of

the legends were kept to a manageable level by a rigid, but often

arbitrary, selection of only those features that were judged to be the

basis of environmental concerns (second part of legend).

References are provided in column 2 for most of the environmental features

and this section of the legend relied mainly on maps and reports, and

very little on the personal experience of the contractor.

. .. .,, *
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4.2 Environmental

A selection similar

concerns
.-

to that described for environmental features was used

to restrict the environmental concerns to those thought most important.
These concerns were drawn from reports wherever possible but an

increasing degree of judgement on the part of the contractor was involved

in this part of the map legend.

4.3 Potential for avoidance and residual impacts

These two sections of the legend were based almost entirely on the

judgement of the contractor. The possibility of routing changes,

engineering design changes, and stringent regulation by responsible

agencies were the bases for considering that some environmental concerns

could

4.4

be avoided.

Research needs

Although this section of the legend is largely the contractor’s judgement,

it incorporates suggestions for research that have been identified in

various reports. In many cases, the judgement required a decision on

where along the potential pipeline route a particular research activity

would best be focussed.
.

There were two guiding principles used to reduce the potentially large

number of pipeline-related research topics. The first was to assume

that Environment Canada personnel would be required to comment upon the

adequacy of the Polar Gas application with the benefit of only one more

season of field work (1977-78). Therefore, primary emphasis was given

to research suggestions that could be reasonably undertaken in one year.

The second guiding principle was that certain geographic areas are of

such biological importance, and have such a high potential of resource

use conflicts, that pipeline–related studies should be focused there and,

if necessary, should also include scientific investigations that may

require more than one year to yield useful information. In some places,

for example in the part of Southampton Island that seems to have some

. . .
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potential for oil shale development or the Murchison Lake area where

. ..-. there-is a high uranium content in the glacial drift, it was also
.“

suggested that studies should be designed to consider interactions

between the gas pipeline and other industrial projects that could be

stimulated by a nearby energy supply.

.-A

,..

. . . . .
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5. Generic Concerns that are not Geographically Specific

. . .-

This study was based only on a knowledge of the currently proposed route;

information on likely locations of compressor stations, logistics bases, .
camp sites, or coastal staging areas was not available. These related

activities will result in additional environmental concerns that cannot

yet be geographically specified. In addition, certain concerns or

research needs cannot be geographically precise even if all locations of

proposed facilities are known. Research needs associated with:

(i) contingencies (summer repair, accidental spills of hazardous

substances); (ii) aesthetics (noise levels or restoration of local

disturbances) ; or (iii) air quality (S02
levels) are all examples of

topics that have no predictable priority along any specific segment of

an assumed pipeline route. Generic concerns of this kind were omitted

from the information summarized on the maps and legends and need to be

considered as complementary requirements by anyone planning comprehensive

pipeline-related studies.
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6. Criteria for Identification of the Most Important Residual Impacts
. . --

( i i )

(iii)

Potential problems that were thought to be avoidable were not listed in

the part of the legend entitled, residual impacts. For most of the area

from Spence Bay to Mansel Island, existing information left no choice

but to indicate that the residual impacts on water quality and drainage

alteration are unknown. For terrain disturbance, wildlife disturbance,

and land–use conflicts there was more information available to indicate

where problems seemed inevitable. It was realized that even more refined

lists of predicted residual impacts must, at some stage, face the

question of whether the predicted effect is important enough to warrant

an expensive research program. The answer to this quest~on is as much

political as it is scientific and it is difficult to identify research

that would help answer this question. Probably the be~t approach in

planning a research program in response to this question is to consider

the external criteria that give particular environmentz~  cuncerns more

urgency. The following criteria were the main ones useti to arrive at

the judgments presented in the accompanying set of maps and legends.

(i) International treaty obligations - it was as>umed in this

analysis that more research effort should be devoted to the

habitats and populations of species for which Canada has treaty

obligations (polar bears, migratory waterfowl) than to other

species such as caribou, even though the laz;<< may be o>

great economic importance locally.

Interference uith harvesting of biological L-tisouPces -

resource harvesting areas around Pelly Bay, ?.epulse Bay and

Coral Harbour create areas of more environmental concern than

would be expressed for a comparable level of environmental

disruption outside of the intensively harvested zones.

Rarity of particular species - rare and endangered species and

the habitats on which

for extra concern and

they depend are readily accepted criteria

research effort.

.
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. .
(iv) Habitat that is locally critical to the survival of

. . . . “’particular species and in some cases populations - for example, =

harassment in the vicinity of a walrus hauling-out area was

judged to be more significant than a comparable amount of

activity in other parts of this species range.

(v) Factors that influence the reproductive capability of

populations - just as chemical contaminants are judged to be

more dangerous if they weaken the reproductive potential of a

species so also should above-average concern be expressed for

habitats that are necessary for reproductive phases of fish

and wildlife life cycles. For example, greater emphasis was

given to caribou calving grounds or goose nesting areas than

to habitats that are used only sporadically by these species

for non-reproductive activities.
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7. Summary of”Research l~eeds as Presented on Maps and Legends I..
-. --

Users of the accompanying maps and legends should take them as general = ,

background information on the possible environmental changes that could --

accompany the construction  of a gas pipeline from Spence Bay to Mansel

Island. A critical review of this preliminary inventory is now needed

from others who are familiar with field conditions along various

segments of the potential route. TO aid such a critical review the

sections below summarize the contractor’s opinion on geographic areas

that deserve research attention during the remainder of the study

program.

7.1 Geographic areas along route where most significant and ~
I

controversial conflicts with biological values are expected
I
I

Map 5a -- Becher River, Arrowsmith River and Kellett River area near
I

Pelly Bay. II
Map 6a –- Hansine Lake-Thomsen River–Duke of York Bay on Southampton \

Island. I

Map 7a -- Fisher Strait, Walrus Island, Bencas Island and all of Coats

Island.

.

7.2 Geographic areas where inventory data should be obtained over

a wider zone in anticipation of route alternative questions

Map 5a -- research to determine least disruptive crossings of Becher,

Arrowsmith and Kellett rivers.

Map 6a –- resource harvest area on mainland between Christie Lake and

Snowbank River; Hansine Lake–Thomsen River-Duke of York Bay

area on Southampton Island; Coral Harbour–Mount Saorre-Bear

Cove Point area of Southampton Island

Map 7a -- research to determine whether any part of Coats Island is

acceptable as a route alternative.
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7.3 Geographic areas that call for special attention by

some-of the specific research disciplines within the

Department of Fisheries and Environment

Hydrologic studies -

Map 5a -- areas of marine deposits from Simpson Lake past Pelly Bay to

Terrain

Curtis River

and vegetation studies -

Map 5a --

Map 6a --

areas of marine deposits from Simpson Lake past Pelly Bay to

Curtis River

headwater area of Boas River southeastwards to Bear Cove Point

on Southampton Island

Wildlife inventory studies

Map 5a --

Map 6a --

Map 7a --

peregrine falcon inventory between Simpson Lake and Ellice

Hills; inventory to obtain more detail on caribou and muskoxen

habitats between Arrowsmith River and Christie Lake area

wildlife inventory for route alternative questions in Duke of

York Bay area

general wildlife inventory of Mansel Island to determine if any

significant habitats or populations have been overlooked during

cursory visits in the past

Wildlife behaviour studies -

Map 6a –– marine mammal harassment in

Sound; waterfowl harassment

Bear Cove Point

Map 7a -- marine mamnal harassment in

harassment on Mansel Island

Repulse Bay and Roes Welcome

between Duke of York Bay and

Fisher Strait; polar bear

if inventory indicates significant

polar bear population on this island
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Fisheries studies -
. . .. ..-.

.-.
-,

Map 5a -- Simpson Lake,

Map 6a -- Hansine Lake’,

Sutton River

Becher River, Arrowsmith River, Kellett River =

Thomsen River, Cleveland River, Salmon pond,

Marine mammal studies

Map 6a -- Repulse Bay and north end of Roes Welcome Sound with emphasis

on winter inventory

Map 7a -- Fisher Strait

If budget constraints or requirements for shared logistic support dictate

that several agencies within the Department of Fisheries and the

Environment are to work from one location between Spence Bay and Mansel

Island, the Pelly Bay area seems to be the part of the route most in

need of integrated scientific studies. Questions of potential terrain

and vegetation disturbance, water quality changes, and drainage

disruption are logically focussed in this area because of the relatively

large area of fine-textured marine deposits. Fishery and wildlife

questions also tend to be focussed in the Pelly Bay area because of the

productivity of the Becher, Arrowsmith and Kellett drainage systems,

the harvest of fish through facilities of the Pelly Bay Co-operative,

and the nearby presence of important populations of polar bears, caribou,

muskoxen and raptorial birds. .

Although seals are important in the economy of Pelly Bay residents,

studies of marine mammals would be more logically centred in either the

Repulse Bay area or the Coral Harbour area instead of Pelly Bay because

Fisher Strait, Roes Welcome Sound and Repulse Bay are areas of more

uncertainty regarding migrations and seasonal distributions of a

relatively great variety of marine species. In relation to marine

resources, it is stressed that some of the most serious environmental

disruptions and most pressing research needs are apt to arise from

associated marine activities which are not yet known for the Polar Gas

Project.

will need

on likely

Questions of disruption to marine ecosystems and populations

to be considered in detail as more information becomes available

shipping lanes and off-loading areas for industrial equipment.

.— .—. —

-.
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. .
8. Comparison of Spence Bay- Mansel Island Potential Route

. . . . with”’-Spence Bay-Manitoba Border Potential Route .-
. “

It was not the purpose of this study to compile the relative merits of

the two route alternatives within the Northwest Territories, southwards

from Spence Bay. However, departmental officials may wish to use this

background information for such a comparison. To assist those wishing

to make such a comparison, some of the obvious differences and

similarities between environmental and land–use features shown on

maps 5a, 6a and 7a versus maps 5, 6 and 7 can be summarized as follows:

Spence Bay to Manitoba Border Spence Bay to Mansel Island

(maps 5, 6 and 7) (maps 5a, 6a and 7a)

Predominantly lowland Predominantly lowland, except

if route would pass over north-

east corner of Wager Plateau

(Ellice Hills area)

Relatively high proportion over Relatively high proportion over

bedrock and glacial till limestone terrain of Hudson Bay

lowland

Significant areas of problematic

marine deposits involved (ground

ice problems comparable between

two alternatives)

Greater number of major river

crossings;  no marine crossings

Little or no focus on marine

mamma 1s

Significant areas of problematic

marine deposits involved (ground

ice problems comparable between

two alternatives)

Relatively few major river

crossings; four marine crossings

involved

Major focus on marine mammals

and settlements dependent on

harvest of marine mammals
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. . .
Spence Bay to Manitoba border

. . . -. ‘(maps 5, 6 and 7)---- .
● .

I Major focus on migratory routes
1 of caribou

~ Potential route some distance

1 from internationally important

[ goose breeding areas (McConnell

,.

>,,

River)

Potential route near one

settlement (Baker Lake)

Spence Bay to Mansel Island

(maps 5a, 6a and 7a)
- -

Little focus on migratory routes -

of caribou

Potential route very close to

internationally important goose

breeding areas (Boas River and

Bear Cove)

Potential route near three

settlements (Pelly Bay, Repulse

Bay, Coral Harbour)

Relatively few archaeological Relatively large number of

sites recorded near potential important archaeological sites

route (although many already recorded near potential

undiscovered sites may be route

present)

Mainland offers considerable Coats Island, all of which is

geographic latitude for route biologically important, of$ers

alternatives around biologically little choice for route

important areas alternatives

Detailed study of the accompanying maps and legends along with those

submitted in a separate report in July 1976 will reveal many additional

points of difference between the two route alternatives.

i
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1 Appendix I

. .
. “ Specific terms of reference for this study

(as defined for July 1976 study of proposed pipeline route

from Arctic Islands to Longlac, Ontario)

To prepare a detailed “discussion paper”, primarily in the form of maps

and legends, to be used by the Arctic Island Pipeline Study Board for

definition of the 1977-78 Environment Canada field program for studies

along the prime route now studied by Polar Gas.

The material would

(i) the main

identify and summarize:

features of terrain, vegetation and wildlife along

the prime route;

(ii) the expected impact of the proposed construction upon the

terrain, vegetation and wildlife;

(iii) the estimated potential for mitigation of the expected impact

through alteration of project design;

(iv) concerns remaining even if appropriate mitigation steps were

taken during project planning and construction;

(v) knowledge gaps and recommended subjects for further field

checking in 1977-78.

The contractor agrees that:

1.

2.

3.

each of the nine (9) 1:1,000,000 maps will be provided on

mylar base suitable for reproduction and will delineate

relevant DOE areas of concern and reference same to the

attached legend;

the report will include a discussion of scope of the study,

methods employed, references used and a brief review of the

concerns and knowledge gaps portrayed on the maps and legends;

Arctic Islands Pipeline Study Board personnel will be provided

the opportunity to meet with the contractor to review and

discuss -

. .. ~.’,..  . . . . . . . . .. . . . . . . . . . . .
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a) the format of map legends prior to tabulation of

information =

b) drafts of the nine maps, legends and report prior to

finalization.

*

. .
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. . .

Appendix I I

Sample maps from reports of Inuit Land

Use and Occupancy Project (from reference 25)

. .*
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