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"Granular Material” is defined as all naturally oceurring unconsolidated
material, and bedrock which can be processed for suitable engineering

construction.

Compilation and evaluation of the Geological Survey of Canada’s surficial
geology and granular material maps and all other relevant information prior

to the undertaking of the field investigation.

Location, testing and classification of all granular and potential bedrock

quarry materials within the specified search area and recommendations for

their best use.
The data compiled for each site will include:

a)  The quantity and quality of usable material available, and recommen-
dations as to its suitability as a construction material, Recommenda-
tions shall be substantiated by including results of tests on applicable
material samples; these tests include:

Grain size distribution

Pefrographic analysis

Moisture content

lce content

Organic content

Hardness test
(In addition to the above tests, PEMCAN Services "72" recommended
the use of Les Angeles Abrasion tests on samples from potentially

high priority granular material and bedrock quarry sites).

b) The location of borrow pits, and recommendations for development.
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c) Recommendations on the most efficient sequence of development where

several pits can be developed in the same general areg.

d)  Evaluate the best access routes from prospective sites to the center of each

community or fo existing or proposed utilities.

e)  Recommendations for development, exploitation, disposal of overburden
and waste, and restoration of propesed borrow pits in such a manner to

minimize terrain disturbance.

4. Development of a method of mapping, rating and reporting the deposits within
the Study Area,

3. ldentification on the plan of granular deposits exposed in, or along banks of
streams and rivers adjacent to the communities but exclusion of such deposits in
the material availability for the community unless no other sources of granular

materials are availakle,

6.  If satisfactory granular materials are not available within the designated Study
Area around the communities, then recommendations pertaining to either alter-
nate sources oufside of these areas, or bedrock quarry development will be

required.

The successful completion of this study wes enhanced by the cooperation and contributions
of the respective Territorial Land Use Agents and other Federal and Territorial Govern=-
ment personnel including the Federal Department of Public Works and their respective
consultants. In particuler, we wish to acknowledge the assistance, guidance and ligison
provided by Mr. H.D. Dekker, Chairman, and other members of the Granular Materials
Working Group.
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INVESTIGATION PROCEDURE

Pertinent geclogical information was compiled for the Study from correlation of pre-
vious reports of investigations conducted within the Study Area. These included Geological
survey of Canada reports and epen files; pipeline route investigations, previous PEMCAN

studies and field investigations, and personal communication with noted authorities of the

region. The surficial geology map shown in Figure 1 has been derived from both the afore-

mentioned information and field observation data.

Airphoto interpretation of prospective granular material sites was undertaken prier to the
field work with J.D. Mollard and Associates Ltd. Recent airphotos, scaled at 1":3,000',
provided by The Department of Indian Affairs and Northern Development, were utilized to
outline sites, estimate the areal extent of sources and note locations of fest hole and
required access roads. Pertinent parts of these airphotos have baen reproduced ond used as
location plans for catalogued sites. Air mosaics showing revised route location for the

Mackenzie Valley Highway were provided by The Federal Department of Public Works or

their respective engineering consultants.

The preliminary field work, corried out in September and October, 1972, commenced with
aerial reconnaissance in order fo assess prospective sites. Selected sites were then investi-
gated by means of test pits which were excavated manually, logged and sampled to depths
of six feet below the ground surface. MNatural outerops were also catalogued and respective
samples secured. On the bosis of the cirphote interpretation and preliminary field recon-
naissance, Sites FN 8, FN 10, FN 13, FN 17, FN 19, FN 26, FN 27, FN 28, FN 29,
and FN 30 were investigated in further detail during the winter drilling program in January

and February, 1973. Additional field test drilling of Sites FN &, FN 8, FN 25, FN 29,
FN 30 and FMN 31, was conducted by the engineering consultant for The Federal Department

of Public Works, in conjuction with their geotechnical study for the Mackenzie Highway

route in this area. The data from their investigation has been incorporated into this report .

The potential quantities of available granular materials, availability of existing cccess
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roads, drainage conditions, wildlife implications and the distance from the community
were considered for selecting sites for more detajled investigations. Smaller or more
marginal deposits have been recorded but were not studied in detail because of remoteness
from the community or plonned utilities. These sites, including those ultimately assessed as

"Not Recommended", are identified in Figure 2 by the suffix "X" behind the site number.

A total of thirty-one sites were catalogued in the ten mile radius of Fort Norman (Figure 2).
Of these, sixteen sites were investigated to o greater detail by means of test pits and
thirteen sites by means of drill holes. Additional sites were investigated by Geolagical
Survey of Canada personnel and partial information from their studies is incorporated in

this report. Sixteen sites that are not recommended for development are identified in

Figure 2 by the suffix "X" behind the site number.

Material samples secured from outcreps, test pits and drill holes were shipped to Calgary
for labaratory analyses which included grain size distribution, petrographic cnalysis
moisture content determination and hardness tests. In specific cases the semples or combined

samples were tested for resistance to mechanical abrasion.

Results of the investigation are summarized in this report and detailed information of the
studied sites is compiled in the section on Site Description. The areal extent of the
individual deposits are based on airphoto interpretation, field reconnaissance and field
drilling records. Except on sites where drill holes had penetrated the total depth of the
granular deposit, the overage thickness of individual deposits was generally estimated

from morphological and geclogical features or with respect fo thickness indicated by
natural outcrops. However, the estimated volumes should be conservative since adjustments
were made for variables such as drainage conditions and sloping ground olong the outer

limits of the deposit.

Test pit logs, drill hole logs, outcrop descriptions and laboratory test results are attached
to the individual Site Descriptions. Symbols, terminology and clessification systems used

are explained in the glossary.
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GEOMORPHOLOGY

The Fort Norman Study Area lies within two physiographic subdivisions; namely:

= Mackenzie Plain = which covers approximately eighty percent of

the mapped terrain.

- Franklin Mountains = which extends into the northwest sector of

the Study Areo around the Bear Rock massif.

The Mackenzie Plain has a very low relief, and is characterized by frequent muskeg
bogs northeast and southeast of Fort Norman. River channels and relatively infrequent
and short erosional gullies are the only major features which disturb the generally flat

surface of the plain.

The rugged Bear Rock massif is characterized by incised erosional gorges and accumu-

lations of eroded and broken material at the base of the steep rock faces.

The bedrock within the Mackenzie Plain consists of greenish grey Devenian and
Cretaceous shales, siltstones and mudstone. Weakly cemented sands and gravels,
probably of Tertiary age, are indicated between the Great Bear and Mackenzie Rivers.
The bedrock is only exposed in deeply cut river channels and is mostly covered with
relatively thick layers of morainal deposits. These are almost continuously topped by
glaciolacustrine sediments in the eastern half of the Study Arec and by extensive
glaciofluvial deposits in the southwest section. West of Bear Rock the Plain is primarily
covered with morainal deposits which are partially topped with glacicl outwash

material . Water courses have produced fluvial plains and flat surfaced terraces above
present channels. Wind action has reworked surficial layers of former lake basins

and hos locally redeposited these fine groined materials into sand plains and dunes.
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The Bear Rock massif and its northwesterly extension consists of Devonian, Ordovician
and Silurian limestones and dolomites and Cretaceous shales., Karst erosion is common
in the carbonate rocks. Rock walls are usually mantled with seree and talus accumula-
tions along the base and alluvial fans have been formed at the mouths of some of the

erosional gorges. Main landforms and geologic features are illustrated by Figure |.

A shallow to moderately thick organic soil layer topped with several inches of peat and
moss is normally encountered outside of rugged and recently eroded land surfaces. Low

and poorly drained terrain usually contains thicker organic sections.

Glaciolacustrine deposits, consisting of silts, fine grained sands and oceasional clay
layers, as well as morainal deposits containing heterogeneous mixtures of silt, clay and
sand interspersed with some pebbles and cobbles are very poor sources of granular deposits.
Alluvial floodplains and terraces, with the exception of Little Bear River, consist
primarily of silty and sandy materials with gravel beds at depth. All of these deposits
usually have high water or ice content, especially if covered by thick layers of

organic soil .

Cretaceous shales, siltstones and mudstones, underlying the major part of the Study Area
are, in general, too weak and incompetent for manufactured aggregotes for construction

purposes.

In the Study Area there are six main geomorphologic forms in which natural granular

materials oecur:

= Alluvial plains and terraces along the Little Bear River contain good
quality sandy gravels. Some alluvial terrace and stream bed deposits
in and adjacent fo the Great Bear and Mackenzie Rivers contain beds

or pockets of gravel at depth.

.
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- Alluvial fans in the vicinity of the Bear Rock eontain granular

deposits ranging from silty sand to coarse gravel with rock blocks.

- Talus and scree deposits mantling the base of Bear Rock consict of

variously sized limestone frogments and blocks with sand and silt

sized particles.

- Dunes and eolian sands covering the glaciolacustrine plain north-

east of Fort Norman contain poorly graded, fine to medium grained

sand.

- Glaciofluvial outwash plains and channel deposits between the
Little Bear and Mackenzie Rivers and west of Bear Rock contain

predominontly sandy gravel of excellent quality with some sandy

beds.

- The esker complex west of the Bear Rock contains both sand and

gl‘tl‘-"Ei -

Carbonate rocks exposed in the Franklin Mountains are generally suitable for manu-
factured aggregates. Tertiary sands and gravels exposed ot two locations in the steep
valley walls of the Great Bear and Mackenzie Rivers represent another potential source

of gronular material .

The Study Area lies within the discontinuous permafrost zone. Excess ice is, however,
relatively widespread in fine grained, poorly drained, glaciolacustrine deposits eost
and south of Fart Norman, where thermokarst features are common. These deposits

can contain as much as twenty percent excess ice. Little or no excess jce exists in
coarse and well drained glaciofluvial deposits. The average depth of the seasonal

freezing and thawing cycles is about two fo three feet, but @ minimum depth of one foot

in clayey soils to as much as twenty feet in clean gravels is indicated.

5



TERRAIN PHOTOGRAPHS

South end of Bear Rock. Scree, talus and cone deposits
are iocated on the eastern flank (Ref. Sites FN 2, FN 3)

Glaciofluvial plain on the west side of Little Bear River

(Ref. Site FN 19).
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ENVIRONMENT

The ten mile Study Area around the community of Fort Norman encompasses all of the
lands that are included in the "Proposed Development Control Zone" as shown in
Figure 2. 1t is proposed by the respective Federal and Territorial Governments, that
management of lands within this Zone will be transferred from Federal to Territorial

Government control. Federal projects such as buildings, highways, and airports would

be excluded from this transfer.

The Fort Norman Study Area is geographically located in an area that offers considerable
use and development of both water and land environments. The area s particularly
enhanced by the Mackenzie end Great Bear Rivers, which add ocesthetic and recreational
values to the region. Along the western side of the Study Area, Bear Rock adds scenic

values as it rises some 1,000 feet cbove the surrounding floodplain and muskeg terrain.

Terrain sensitivity and reaction to modification is generally related to the type of terrain
which in turn reflects the material type and ground ice conditions within the various

terrain features that characterize the Study Area.

Relatively flat, low-profiled and generally fine grained ferrain types, such os silt-clay
plains, beaches, river deposits and organic terrain usually contain moderate to high ground
ice confent and can be readily disturbed because of low strength and high compressibility
values. Vegetated sites are susceptible to subsidence, sl umping and gullying if the vegeta-
fion is removed or highly compressed and distrubed. Thermokarst subsidence, undercufting

and channel shifting can also be expected, especially in fine river deposit terrain.

Hummocky and rolling terrain as characterized by the till plains in the Study Area generally
contain mederate ground ice content. Localized contrasts in material type ond ice content
is oftentimes evident between well drained slopes and low depressions. This terrain in

general exhibits minor to moderate susceptibility to thermokarst, ground ice
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slumping and gullying. Usefulness of till material as fill is usually limited by its ice

content,

Upland mountainous terrain, characterized by rock outcrops or bedrock thinly covered
with a veneer of debris, as on Bear Rock, usually contains minimal ice content within
the bedrock except for shale where fractures may be ice filled to depths in excess of

100 feet. The overlying debris usually contains low to moderate jce content. Creep,

slides and rock falls are common on steep slopes in this terrain as are mudflows and
flash floods.

In general, the more fovourable granular material sites in the Fort Norman Study Areq
tend to be located on fairly well drained geomorphic features that contain relatively
moderate amounts of ground ice. Therefore, properly managed development procedures
should minimize the detrimental terrain reaction to acceptable levels. |n many cases,
the access routes to these sites will traverse areas of low wet terrain that generally will
contain higher ice contents and will therefore, be more susceptible to adverse reaction
when disturbed. In these cases, sound development procedures such as the incorporation
of protective measures for retainment of vegetation ground~-insulation layers and the
establishment of adequate fill materials for access roads will limit detrimental terrain

reaction to satisfactory levels,
Vegetation

In the section of the Mackenzie Valley within the Study Area, the Borea! forest region
of Canada is restricted to a narrow band that extends along the Inner Mackenzie Valley.

The Fort Norman Study Area lies within the northern reaches of this Boreal forest zone.

In the Study Area the dominant tree species are black and white spruce, tamarack,
birch, willows and alder. Popler is near its northern limit in the Fort Normen area and

is only occasionally seen. The ground cover is predominantly mosses, lichens, sedges,

8
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herbs and shrubs. The vegetation ranges from commercial growths on river islands and

alluvial flats to scrubby growth and treeless muskeg.

Poorly drained alluvial sites commonly support growths of black spruce, tamarack,
willows and occasional alder. Permafrost muskegs are generally treeless or support

dwarfed growths of black spruce. Well droined sites support black and white spruce,

birch, and occasionally alder.

Benchland areos that are underlain by fine~grained materials with shallow permafrost
generally suppart poor growths of willow, alder and in some coses, black and white
spruce. Well drained benchland areas generally support well developed growths of

birch and spruce.

Mountain slope vegetation ranges from spruce growth near the base to spruce end seme

birch on the overburden-covered flanks.

In the Fort Norman Study Area, notural regrowth of vegetation on existing cutlines ond
clearings suggests that in general, regeneration of disturbed areas will occur especially
if the nutrient zones within the topsoil layer are left undisturbed. In coses where

borrow pit developments are abandoned, it may be feasible to artificially reseed and

Fertilize the arec with annual and perennial stocks in order to promote growth cover prior

to reestablishment of natural vegetaticn.
Wildlife

Wildlife species of both Arctic tundra and Boreal forest utilize the Fort Norman Study
Area and adjacent regions. For the most part the utilization of this area by woterfowl,
wildlife and fishery resources is based upon seasenal migration patterns that generally
follow the Mackenzie River Valley (Figure 2). There are no known critical wildlife
areas in the Fort Norman Study Area; however, the entire Study Areo is classified as an

impartant wildlife region by the Canadian Wildlife Service.

?
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The Study Area lies within the broad flyway that is utilized by various waterfow!| during
spring and fall migration (Figure 2). The central portion of the Study Area including
the Mackenzie River, the sandy islands and both bank areas is utilized as o spring staging

area for snow geese, whistling swans, white-fronted geese and various ducks,

Wildlife resources are both hunted and trapped in portions of the Fort Norman Study
Area. The eastern section of the Study Area is noted for fall moose hunting on the
banks and islands of the Mackenzie River. This same area is occosionally hunted and
trapped for beaver, marten and muskrat. Most of the Study Area on the south bank of
the Mackenzie River is within a region that is noted as an excellent beaver habitat
(Figure 2). This some area is trapped for beaver, muskrat, marten and fox in the all
and is hunted for beaver and muskrat in the spring. These trapping and hunting areas

are ufilized for the most part, by residents of Fort Norman.

Fishery resources in the Study Area are predominantly those found in the Mackenzie

and Great Bear Rivers and include both resident species and those that seasonally migrate
through the respective river systems. The Great Bear River is particularly important to
fishery resources as potential spawning gravels occur along the entire length of the river.
The area around the mouth of the Great Bear River is noted for |fs importance as a
domestic fishing area to the residents of Fort Norman (Figure 2). The arec immediately
upstream from the mouth of the Brackett River is reported to contain spawning gravels

that are utilized by grayling.
The Great Bear River is also noted for its sport and recreational values in the region.

Canoe trips on the Great Bear River betwezn Fort Franklin and Fort Norman offer

excellent sport fishing and recreation.

10
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RECOMMENDATIONS AND CONCLUSIONS

The recommendations and conclusions, which are presented herewith, have been based on

airphoto interpretation, office literature studies, preliminary field reconnoissance work

and detailed field drilling data.

The approximate quantities of granular materials required for the Fort Norman community,
as specified in the Terms of Reference received from The Department of Indian Affairs and

Northern Development, are outlined as follows:

Fine grained aggregates (Sond)}. e veirennnnnnnnnn. 25,000 cubic yards.
Coarse grained aggregates (Gravel)o s v vinevvnnnnnnn. 35,000 cubic yards.
Material suitable for building pads,

ol TR L 0 L R e 600,000 cubic yords.

The results of the completed study indicate that the availability of quality granular
materials is limited in the Fort Norman Community Study Area, especially on the north side
of the Mackenzie River and the east side of the Great Bear River where the Fort Norman

townsite is locoted.

The following sites from within the total Community Study Area ore recommended for the

granular material requirements of Fort Norman:

Site FN 19: Located approximately 11 miles southwest of Fort Normon less than 1
mile inland from the south bank of the Mackenzie River, Site FN 19
consists of a large glacial outwash plain, several square miles in area,
which extends eastward from the Little Bear River channel. This exten-
sive glacial outwash deposit is estimated to contain several million cubic
yards of medium grained, well graded, clean gravels which are considered
suitable for use in most construction requirements. Production of quality

concrete aggregates would be possible if the pit run gravels are properly

11
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processed by crushing and screening fo required specifications.

The development of the glacial outwash gravels from Site FN 19 for

the granular material requirements of Fort Norman community will

entail the crossing of the Mackenzie River thus restricting the trans-
portation of materials to the winter and summer months. Such procedures
will necessitate barge hauling during summer and truck haul utilizing

an ice bridge during the winter season. Therefore, holding stockpiles
for various aggregate types will be required to ensure @ continual supply

of material during the spring break-up and winter freeze-up periods.

Any proposed borrow pit development for the removal of granular
materials should be commenced at the northern extremities of EN 19
where reasonable land access can be attained to the southern shoreline
of the Mackenzie River. These new access roads from the site area fo
the southern shoreline of the Mackenzie River will traverse partial ly
thermal sensitive terrain and, therefare, should be constructed to an
all weather status if any extensive quantities of materials are to be

removed.

Although Site FN 19 is located of an appreciable distance from Fort
Norman, the availability of extensive quantities of excellent quality
gravels rates this site os o major and primary source of granular materials
for the community of Fort Norman. The detailed assessments and recom-
mendations for the proposed development and exploitation of granular
materials from Site FN 19 are outlined in the Site Description section

of the report.
Located approximately 82 miles north of Fort Norman, immediately

adjacent fo the existing winter road and proposed Mackenzie Highway

right-of-ways, Site FN 29 consists of shallow glacial outwash deposits

12
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along the western flanks of the Bear Rock escarpment. The recoverdble
depth of gravels in the glacial outwash deposit is generally in excess
of 10 feet and is overloin with an overburden varying in thickness from

a few inches to 4 feet.

This glacial outwash deposit is estimated to contain in excess of 300,000
cubic yords of well graded, fine grained gravels which are considered
suitable for building pads, road bases, airstrips and base course aggregates.
Careful and selective excavation of the in situ gravel deposit may provide
material which could be suitably processed for marginal surface course

aggregates.

Although good current and future access to Site FN 29 is available for

the development of borrow pits, the subsequent transportation of granular
materials to Fort Norman will entail a crossing of the Great Bear River
which will likely restrict the exploitation of this site to the winter months.
Therefore, the exploitation of gravels from Site FN 29 may be better

suited for the construction requirements of local utilities.

The detailed assessments and recommendations for the proposed development
and exploitation of granular materials from Site FN 29 outlined in the

Site Description section of the report.

The material af these two sites consists of |imestone bedrock, and would
entail o quarry operation with related blesting and crushing technigues
to manufacture aggregates for various construction requirements. It is
considered that all types of construction eggregates could be produced in
unlimited quantities. The material from the surficial, weathered and
fragmented zone meets the requirements for general fill while better

quality agaregates can be produced from fresh limestone beds at greater

13
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depths below existing rock faces.

The best quarry locations, based upon the quality of extractable |ime-
stone, and the general access to exposed rock outcrops are in the northern
portien of Site FN 1 and the southern portion of Site FN 25. These
locations are immediately adjacent to the existing winter road and
proposed Mackenzie Highway right-of-ways. However, any exploitation
of manufactured granular materials from these sites for the requirements

of Fort Norman will entail o major crossing of the Great Bear River which

will restrict the removal of material to the winter months.

The detailed assessments and recommendations for the proposed development
and exploitation of granular materials from Sites FIN 1 and FN 25 are out-

lined in the Site Description section of the report.

In addition, it should be noted that other sites such as FN 13, FN 14, FN 23 and FN 31
consisting of fine sands and small packets of silty gravels may be exploited for augmenting
the local requirements for very marginal fill material. The detailed assessments of these

sites are ouflined in the Site Description section of this report.

Site locations and physical ond environmental data on each site within the Fort Norman
Study Area are tabulated and presented in map form on Figures 1 and 2 respectively. A
synopsized tabulation of pertinent information for each site is tabulated and neted on

Figure 2.

The table in Figure 2 presents a tabulation of pertinent data relative to the sites investigated
within the Study Area. Each potential site is evaluated in terms of material type, suif-
ability of material, estimated volume, recovercble depth, overburden characteristics,

ground ice content, drainage, method of exiraction, houl distance, environmental considera-

tions ond assessment.

14
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ESTIMATED VOLUME is calculated by means of various parameters including drill hole

and test pif datfa, airphoto inferpretation and geomorphology . Adjustments have been

made for irregular topography and stream dissection.

RECOVERABLE DEPTH is determined by vorious methods including drill hole and test pit

data, geomorphology and in the case of bedrock, projected stratigraphic thickness.

GROUND ICE CONTENT is reported as high, medium or low by visual inspection of both

samples and test pit walls.

METHOD OF EXTRACTION refers to the type of equipment required for development and
exploitation of granular materials. "Conventional" as used, indicates the utilization of

stendard excavation equipment such as bulldozers, overhead loaders, backhoes and light

rippers.

HAUL DISTANCE is the distance along existing and/or proposed access from the site to

the community centre,

ENVIRONMENTAL CONSIDERATIONS include any salient factors related te wildlife,
waterfowl and fishery resources, archeclogical sites and potential terrain sensitivity of

the site and adjacent areas including proposed access routes. If any environmental
implications are considered fo exist ot a porticular site they are synopsized in this column.
Further comments on the importance of these conditions as related to potential development

are made within the text of the respective sites in the Site Description section of the report.
ASSESSMENT OF SITE relates to the evaluation of each site in terms of recommendations
for development, nondevelopment or possible future development of potentially recoverable

granular materials of each site investigated in the Study Area.

These recommendations are based upon an assessment of all known date on each respective

site including location, access, physical characteristics, environmental considerations,

15



P PEMCAN SERVICES

development procedures and quantity, quality and suitability of material as related fo

projected granular material requirements for the community.

16
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MATERIAL TYPE ESID OVERBURDEN
SUITABILITY ESTIMATED |RECQV. IGROUND METHGD HALUL ASSESSMENT
SITE OF VOLUME |DEPTH DEPTH ICE OF DIST. ENVIRONMENTAL OF
NO DESCRIPTION 5YM MATERIAL {cu.yds ) {feet) TYPE (feel} DISPQSAL |(Conteni} | DRAINAGE EXTRACTION { (miles} CONSIDERATIONS SITE
FN 1 Bedrock: _ All Construction [ Unlimited r500 Collu- +1 Strip & Very Farmationis Quarry 3 South End; Waterlowl | Possible Future
Limestone Materials viurme Waste Low Weil Drained | Crushing & Migration & Staging Develapment
Blasting Area
FN2X | Limestone _ |ceneral Rl ND. — None — _ Low Good to East | Cenventienal 2': | No Critical Wildlife Not Recommended
Fragiments ) at +5 Areas
FN3IX | Limestone _ Marginal N.D. - None _ _ Mediurn [Good to Conventional 2 No Critical Wildlite Not Recommended
Fragments General Fill att+h Southeast Areas
FN4 Limestone _ | Genreral Filt 1.000.000 | »5 Topsait 2 Strip & None Good to Conventional 2% No Critical Wildlife Possible Future
Fragments Stockpile Southeast Areas; Adjacent to Development
River
FN5X | Sand: silty SP | General Fill 10.000 20 Topsail 2 Strip None Good Conventional 10 No Criticai Wildlife Not Recommended
Areas
FNB8X | Sand: silty, 3P- | General Fill ND — Topsoil, 1 Strip & Low Geod to Convertional i No Critical Wildlife Not Recommended
gravei pockets | SM organic Stockpile South Areas
FNTX | Gravel: sandy GM | General Fill 25.000 3 Topsoil (34 Strip & None Poor to West | Canventionat 1 No Critical Wildlife Not Recommended
8 Silt Stockpile Areas
FN8 Gravel: medwm | GW- | Al Construction N.D. +40 Topsoil +40 Strip. Waste | N.D Good Cenventional 4 No Critical Witdlife Extensive Overburden
grained SW jAggregates & Silty & Stockpile Areas Deplh; Development
Clay Unecanomic
FN9X | Silt ML- [ Not Suitable N/A _ _ _ _ High Fair _ ] No Critical Wildlife Not Recommended
MH ar2. Areas
FN 10 | Sand: silty, &M | Marginal 400,600 6 Topsoil +1 Strip & Medium | Fair to Conventional 4 Mo Critical Wildlife Possible Future
gravel pockets General Fill & Peat Wasle to High Southeast Areas; Adpacent to Development
Rwer
FN 11X | Sand; fine.sitty | SP | Marginal ND. +15 Topsoil | +'% Strip & Madium | Fair Canventional 7 No Critical Witdlife Mot Recommendsd
General Fill Stockpite Areas
FN 12X | Gravei & Sand GW- | All Construction N.D r40 Topsoil +20 Strip, Waste | N.D. Fair to Convenlional 6 No Critical Wildlife Not Recormmended
SW [ Aggregates & Silty & Stockpile Southwest Areas
Sands
FN 13 { Sand; silty, SM- | General Fill 1,000.000 +15 Topsoil; +1 Strip. Waste | Medium [ Fair to West Caonventional E Mo Critical Wildlife Possible Future
gravel pockets | SP sitt & Stockpite | to High Areas: Development
Sensitive Terram
FN 14 [ Sand.fine SP [ Marginal 300.000 +10 Topsail e Strip, Waste | None Faw Conventional "2 Na Critical Wildlite Active; Continue
General Fill & St & Stockpile Areas Development
FN 15X | Sitt ML [ Not Suitable NZA — Topsail a - None Poor - 2" No Critical Wildlife Not Recommendec
Areas
FM 16 [ Sand: fine SP | General Fill 1.000.000 —20 Topsoil 'y Strip & None Good Conventional 8 Na Critical Wildtite Possible Future
Stockpile Areas; Development
Sensitive Terrain
FN 17X | Sift ML [ Mot Suitable N7A — Topsail k2 - Medium | Very Poor _ 9 No Critical Witdlife Not Recommended
1 High Areas
FN 18X | Silt: sandy ML | Not Suitable N/A — Topsoil +H — ND Fair . 8 Adjacent to Aclive Not Recommended
Stream Channel
FN 19 | Gravel, well GW | All Canstruction | Unlimited 20 Topsoil +'y Strip, Waste | Low Good Conventional " Broad Flyway for Recommended tor
graded Aggregates & Silt & Stocxpile Waterfow!: Spawning Development
Gravels
FN 20X | Silt & Sand; SM- | Very Marginal N.D. ~15 Topsail +1 Strip & N.D Fair to North Conventional 10'; | Broad Waterfow! Mot Recommended
gravel layers GW | General Fill Stockpile Flyway
FN21X | Gravel GW | All Canstruction N.O. 5 None — — N.D — Canventional 10 Within Active Stream Mot Recomenendead
Aggregales with Dredging Cnannel
FN22 | Sand: some SM- | General Fill 100000 | +5 fopsoit; | +w | Strip& Medwum | Very Poor Conventional | 7 No Critical Wildiife Possible Future
gravel & silt GM organic Stockpile at t with Thawing Areas Development
EN23 | Sand & Gravel | SW- |General Fill 5,000 5 St f Strip & None Good to West | Gonventional B Not Severe; In Broad | Actve; Controlted
GW Waste Flyway of Waterfowl Periodic Exploitalign
FN 24% | Silt & Clay: —~ | Not Suitable N/A — L ropsa | 1 — NO Good to West - ' | On Bank of Mackenzie| Mot Recommended
Burned River
FiN25 | Bedrock: — All Censtruction | Unlimited +50 Collu- +2 Strip & very Good to West | Quarry 10 No Critical Wsldlife Possible Fulure
Limestong Aggregates vigm Waste Low & East Blasting & Argas Dovelopment
Crushing
FN2§ | Band & SM- | Base & Surface 2,000,000 20 Topsoil [ Strip, Waste | Low to Good Caonventional 11 No Critical Witdlife Passible Future
Gravel GW |Courses & Siit & Stockpile | Medium Areas Development
General Fill
FN 27 | Sand; silty SM- | Marginal 700,000 10 Topseil L Strip, Waste | Medium [Fair to Conventional 9 Mo Critical Wirdlife Possible Future
8P | General Fill & Sitt & Stackpile South with Thawing Areas; Development
Sensitive Ferrain
Fi 28X | Sut ML | Not Suitable NIA - Topsoil rt — Medium |Good 1o _ 1" Mo Critical Witdlife Not Recommended
& Peat Southwest Areas
FN29 | Gravei GW- | General Fill 300,000 +10 Topsoil 1tz | Strip. Wasle [ Low Fair to Wast Cornventional 10 No Critical wildlife Possible Future
& Sand SW & 8ilt & Stackpile Areas Development
FN 30X | Sand: silty SM- | Marginal ND — Topsoil +a Strip & Low to Poor Gonventional 1 No Critical vatdlite Not Recommended
SP | General Fill & Peat Stockpile Medium with Thawing Areas
FN31 | Sand: gravel SW- | General Fill 75000 +3 Topsoil L2 Strip. Waste | Low Poor Conventional 21 No Critical Witdiife Possible Fulure
pockets GP & Silt & Stockpile Areas Development
Notes

ESTIMATED VOLUME {N/A):
— GROUND ICE {contenl)
- DRAINAGE
- METHOD OF EXTRACTION

-- HAUL DISTANCE:

ENVIRONKMENTAL
CONSIDERATIONS

— SITE ASSESSMENT

N

Not applicable because the site does not contain materials of granular quatity

Rating and deplh figures are inlerred from spectfic tesl pitsor driil holeg

Rating as shown generally refers to dramage conditions within the site

Conventional” indicales use of standard excavation equipment such as dozers, overhead
loaders, backhoes, light rippers.

Is dislance from site to community aleng existing or required dccess

Sensitive Terrain refers to Ihermal andror erosional sensitiuty at or adjacent to the site

(Ref. Text}

“Active” indicates site is currenlly or periodically being used

Not determined,
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SITE NUMBER

FN 1T
FN 2 X
FN 3 X
FN 4
FN 5 X
FN 6 X
FN 7 X
FN 8
FN 2 X
FN 10
FN 1T X
FN 12 X
FN 13
FN 14
FN 15 X
FN 16
FN 17 X
FN 18 X
FN 19
FN 20 X
FN 21 X
FN 22
FN 23
FIN 24 X
FIN 25
FN 26
FN 27
FN 28 X
FN 29
FN 30 X

FN 31

PAGE

1-1
2-1
3-1
4=
5-1
=
7-1
8 -1
9 -1
10 -1
1M -1
12:=]
5
T4
15 -1
16 -1
[
18 -1
19 -1
20 - 1
21 -1
s T
23 -1
24 - |
25 < 1
26 - 1
9775
28 - 1
29 - 1
30 -1
87w



SITE NO. FN 1

Located approximately 3 miles west of Fort Norman, Site FN 1 encompasses the rugged
and pronounced bedrock formation known as Bear Rock at the southern extremities of the

Norman Renge.

Type of Material: Limestone; dolomitic, weathered and fractured.
Estimated Volume: Unlimited in terms of requirements for Fort Norman
Assessment: Granular materials for various categories of construction require-

ments can be produced. The exploitation of this site will entoil
a quarry operation,

LEGEND
= e Al weather road seereseesees Required occess
————— Existing trails and cutlines  -——-——-Site limijt
s=s==eesneex Proposed Gas Pipeline »=———-Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. AZ1526/105 Approximate scale: 17 = 12,000
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ENVIRONMENT

The southern edge of Site FN 1 is located approximately 3 miles west of Fort Norman
and constitutes the northern shoreline of the Mackenzie River. This site represents the
southern extremities of the Norman Range and is a pronounced major landform in this
arec cortogrophically designated as Bear Rock. Site FN 1 encompasses an area
approximately 7 miles in length by 21 miles in width.

This ridge is basically comprised of Devonion and Ordovicion dolomitic limestene with
subordinate inclusions of gypsum and anhydrite. The carbonate rock complex is mantled
on the east side by Cretaceous shales. The bedrock exposures are usually weathered and
extensively fractured which has resulted in deposition of eroded material in screes, talus
slopes, and cones along the steep perimeter of the site area.

Residual soil ond colluvium in localized depressions on the top of the ridge support very
sparse growths of dwarfed spruce and tomarack. These deposits have apparently sealed
some depressions within the rugged top of the rock outerop resulting in two larger and
numerous small lokes. Precipitated water and seepage from lakes percolates through
carbonate rocks causing karst eresion. The seepage at the toe of the rock massif is
masked by screes and @ major spring was noted on the east side. The eastern and western

upslope flanks of the site area support light stands of spruce interspersed with occasional
tamarack and birch.

The extreme southern end of the site is within the broad migration and staging route that
is ufilized by various waterfow| species during spring and fall movements in the Mackenzie

Valley.

The existing access to the site area entails a major river crossing of Great Bear River and

a winter road to the northern extremity of the site area. Utilization of the existing winter
road for access places the expoitable portion of Site FN 1 approximately 7 miles from Fort
Norman. The routes of both the proposed gas pipeline and Mackenzie Highway traverse
adjacent to the northern extremity of Site FN 1, Southern and southwestern flanks of this
rock massif are relatively eosily accessible from the Mackenzie River.

DEVELOPMENT

Site FN 1 may represent a very significant source of granular materials for the requirements
of Fort Norman because of the scarcity of alternate sources in the northern sector of the
Study Area.

The following broad and general comments relative to development of this site for granular
materials are outlined herewith:

1=2
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- Quarry operations including extensive blasting and crushing of the limestone
material will be required for the extraction of granular materials.

- In view of the difficult existing access which entails o major river crossing of
Great Bear River, potential quarry sites with immediate access to the Mackenzie
River, in order fo utilize barge haul of granular deposits, may be desircble.

Several suitable quarry locations with good access to the Mackenzie River are
available along the southwest periphery of Bear Rock.

- Steep and high rock faces forming the east side of the massif are not suitable for
locating quarry operations.

- The best quarry locations, based upon quality of extractable limestone, general
access fo exposed rock outcrops and approachability are in the northern portion
of the site orea generally adjacent to the existing winter road. When the proposed
Mackenzie highway becomes completed, this area would become very aftractive
for any future quarry operation.

B Selective quarrying can be anticipated. The material from the surficial,
weathered and fragmented zene meets the requirements for general fill while

better quality aggregates can be produced from fresh limestone beds at greater
depths below existing rock faces.

ABANDONMENT AND REHABILITATION

In general, if a well organized and controlled operation is maintained during the
development and extraction of material from the quarry, then the problems related

to abandonment and rehabilitation would, for the most part, be managed. Any stripped
waste material should be placed adjacent to the quarry base and the stockpiled material
may be spread evenly over the quarry floor when a specific section of the quarry has
been completed ond obandoned.
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SITE NO. FN 2X

Located approximately 2% miles west of Fort Norman along the southeastern toe slopes
of Bear Rock, Site FN 2X consists of a small alluvial cone flanked by talus slopes.

Type of Material: Limesfone fragments and blocks, trace of sand
Estimated Volume: Not established
Assessment: Fair quality material for general fill. This site is not

recommended for development because of the difficult access.

e Al| weather road 000 e +++++++: Required access
————— Existing trails and cutlines  +=——+=——:Site |imit
s=xsassennns Proposed Gas Pipeline »=————-Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22889/146 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIRONMENT

site FN 2X is located approximately 21 miles west of Fort Norman, and consists of an
alluvial cone flanked by a series of talus slopes along the toe of the southeqst steep
escarpment of Bear Rock. This site covers an area approximately 3000 feet in length
and 500 feet in width. The southern edge of the site is located approximately 4 mile
from the northern Mackenzie River bank.

The material in the cone and talus consists of very coarse and blocky limestone fragments
on the surface with occasional blocks 1 to 3 cubic feet in size. The material beneath
the coarse surface layer is finer graded with maximum particle size, generally less than
6 inches; however, the sand portion of the in situ material s less than 10 per cent.

The site area is well drained and the general surface drainage is in an easterly direction
into the watershed of a small stream which flows into the Mackenzie River. The upper
slopes of the cone and talus are completely devoid of trees and vegetation cover. Light
spruce growth is evident along the outer perimeter of the site areq.

There are no known critical wildlife areas in the immediate vicinity of the site.
There is no existing access to this site and any planned land access would entail the

crossing of the Great Bear River. Access fo the site by water would entail o land crossing
of about } mile from the north shoreline of the Mackenzie River.

DEVELOPMENT

Site FN 2X is not recommended for development for the follawing reasans:

- There is no existing access fo the site area, and any new land access which
would be constructed in the future would involve the crossing of Great Bear River
and one other unnamed stream.

- The material available at this site is very coarse and weuld entail processing by
crushing or selective screening even for utilization for general fill.

- Although frozen material was not encountered in the test pits to the depths in-
vestigated, local people indicate that these deposits are quite often frozen at
very shallow depths for most of the year. Therefore, removal of the fragmented
limestone material may be difficult.



DETAILED TEST PIT LOG

FIN2X/TP 1
S 0.0 _ _
ﬁn? Limestone and dolomite fragments, angular,
-_Fﬂﬁﬁ 0.7 mostly to 5 inch diameter, occasional blocks.
b
ol ; L
E g WY Limestone and dolomite anguler fragments,
E i predominantly up to 3 inch in diemeter, in
= 5 sandy and silty matrix
o 3.5
FN 2X/TP 2
T 0.0
= %I_E 2 )
T O Limestone and dolomite angular fragments,
o Dﬁc with infrequent large blocks, predominantly
| to 5 inch diameter size.
pir T 2.0

2-3



SUMMARY OF LABORATORY TEST DATA

Sample Location:

Sample Depth (Feet):

Mais

ture Content (%):

lce Content (%):

Organic Content (%):

FN 2X/TP 1

GRAIN SIZE DISTRIBUTION:
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PETROGRAPHIC ANALYSIS:

Limestone and dolomite 25.8 %
CQuartzites 0.8 %
Limestone & dolomite (porous) 4.1 %



SITE NO. FN 3X

Located approximately 2% miles west of Fort Norman at the base of an erosional
gully incised in the southeast escarpment of Bear Rock, Site FN 3X consists of a
flat alluvial fan.

Type of Material: Limestone; weathered and finely fragmented.
Estimated Volume: Mot established.
Assessment: This site is not recommended for development because of

the difficult access and very low quality of recoverable
granular moterials.

=== All weather road sessereneeses Required access

————— Existing trails ond cutlines  ~——+~——-Site limit

ssssessavess Proposed Gas Pipeline »==——=—-=Proposed Mackenzie Highway
@ DOH Drill Hole TP Test Pit

Airphoto No. AZ22889/146 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIROMNMENT

Site FN 3X is located approximately 21 miles west of Fort MNerman along the south-
eastern toe slope of Bear Rock immediately north of Site FN 2X. This site consists
of a flat alluvial fan located at the mouth of an erosional gully incised in the steep
escarpment of the southeastern exposure of Bear Rock. The site encompasses an
area approximately 900 feet by 1500 feet.

The granular material in the alluvial fan consists of small (generally less than 3 inches)
angular to sub-angular fragments of limestone cemented in carbonates, The cement-

ation is quite weak, and the material can readily be chipped info small fragments
with a hand pick.

A flowing spring was noted at the apex of the fan and ground wafer was encountered
one foot below the ground surface. The general surficial drainage of the site area is
southeasferly info the waterbed of a small creek that flows info the Mackenzie River.
Very shallow erosional stream channels have been cut into the surface of the fan by
surface runoff water. The presence of the spring indicates underground seepage in
this area of the Bear Rock escarpment.

There are no known critical wildlife areas in the immediate vicinity of the site.
There is no existing access by land to the site ot this time. Any proposed overland
access to this site will invelve the crossing of Great Bear River and one small un-

named stream. Access fo the site by water would entail a land crossing of about 11
miles from the north shoreline of the Mackenzie River.

DEVELOPMENT

Site FN 3X is not recommended for development for the following reasons:

- There is no existing access fo the site area, and any new one would invelve the
crossing of Great Beor River and one un-named stream.

- The moterial available at this site is weakly cemented and would very likely
deteriorate if exposed to atmospheric conditions.

- Ground water table lies neor to the ground surface.

3-2



FN 3X/TP 1

DETAILED TEST PIT LOG

D
" e 1‘_.!
0@6 1.0

Unf.

0.0

1.5

Small limestone angular and subangular
fragments secondary cemented by carbonates,

The cementation is weak, the material can he
Leudﬂ}j ihipped into small (1-2 inch) fragments
y apick.
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 3X/TP 1
Sample Depth (Feet): 0.7
Moisture Content (%); 4.6

lce Content (%): -

Organic Content (25): -

GRAIN SIZE DISTRIBUTION:
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PETROGRAPHIC ANALYSIS:

Limestone (sound) 8.8 %

Limestone (massive, porous) 91.1 %

3-4



SITE NO. FN 4

Located approximately 21 miles west of Fort Norman, Site FN 4 consicts of a flat
alluvial fan situated at the mouth of an erosional gully which is deeply incised into
the southeastern escarpment of Bear Rock.

Type of Material: Limestone fragments, angular to sub-angular
Estimaoted Volume: 1,000,000 cubic yards
Assessment: Fair quality granular materials suitable only for general fill.

Development of this site is not currently recommended in
view of difficult access,

LEGEND

=== == All weather road seeeesevecne Reguired occess
————— Existing trails and cutlines  -——-——-Site limit
s=s=esaes=ax Proposed Gas Pipeline »=———-=-Proposed Mackenzie Highway
© DH  Drill Hele TP Test Pit
Airphoto No. A22B8%/146 Approximate scale: 1" = 3, 000"



PEMCAN SERVICES

ENVIRONMENT

Site FN 4 is located approximately 2% miles west of Fort Norman at the mouth of an
erosional gully that is deeply incised into the southeastern escarpment of Bear Rock.
The site consists of a gently sloping alluvial fan approximately 1500 feet in breadth
ond length. The southern periphery of the alluvial fan forms the northern shoreline of
the Mackenzie River in this vicinity.

The outwash fan consists of rock debris discharged from the erosional gulley and is gen-
erally comprised of angular to sub-angular, medium to coarse grained limestone fragments
with a silty sand matrix. Occasional rock fragments to 8 inches in size were noted. The
sand portion of the recoverable granular material is approximately 35 per cent.

The surficial drainage of the site area is in a southeasterly direction into the Mackenzie
River channel.

The entire surface area of the alluvial fan is covered with a shallow layer of organic
topsoil, 6 inches in depth, which supports a relafively dense growth of spruce, birch
and occasionally poplar, The understory consists of moderately dense growths of small
plants and shrubs.

There are no known critical wildlife areas in the immediate vicinity of the site; however,
the site is within the broad flyway that is utilized by waterfow| for staging and migration
during the spring and fall.

The Mackenzie River channel provides direct access by water to the southern edge of the

site area. Relative to overland occess, a crossing of the Great Bear River and one stream
channel is required. An existing seismic cutline, or trail, paralleling the north bank of

the Mackenzie River, approaches within 1 mile of the eastern perimeter of Site FN 4 from
the west bank of Great Bear River,

DEVELOPMENT

Site FN 4 is not recommended for immediate development for the follewing reasons:

- The access to the site is quite difficult if approached overland and would restrict
the development of the site to the winter months.

B The quality of the recoverable granular material is fair, suitable only for general

fill.
B Although frozen material was not encountered to depths investigated, local exper-

ience indicates that these deposits are frozen and are not ecsily ripped during the
winter season.
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P PEMCAN SERVICES

If future requirements of granular materials in the Fort Morman area dictotes the exploitation
of this site, then the following development guidelines should be considered:

- Harvesting of the material (horizontal stripping) in the summer and transportation
of the aggregate by barge haul is recommended if the material is to be utilized
in the community of Fort Norman,

- A buffer strip (approximately 300 feet wide) should be left between the working
area and the Mackenzie River bank. Vegetation growing in this strip should
not be disturbed.

- The organic topsoil snould be carefully stripped and stockpiled along the eastern
perimeter of the fan fo prevent drainage of waste material into the active stream
channel or river. Dikes and ditches will be constructed if necessary to contrel
surficial drainage patterns,

- The access road from the shoreline to the site should be graded to ensure smooth,
stable and gentle slopes, which will minimize excess erosion. Fill must not be
placed on the river bank below the high water mark.

- Pit faces should be graded to smooth, clean and stable slopes. The pit floor
should be recontoured to provide proper surficial drainage before the pit operations
are suspended for any given season.

- The source should be operated to produce a final excavation which blends as far
as possible with the natural contours of the immediate area.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation guidelines should include the following if Site FMN 4 is
developed as a borrow pit:

- Recontouring of borrow pit area to maintain good drainoge fo the adjacent terrain.

- Replacement and spreading of organic topsoil from pre-production stockpiles on
the recontoured exposed borrow pit areds.

- Restoration of vegetation.



DETAILED TEST PIT LOG

FN 4/TP 1
_'_'l-r‘nﬁ'-'ir% 0.0 H B %
z:ﬁ:'“‘ﬂ ! (OL) Topsoil ; organic, black, roots
:-’“ﬁ —_ 0.7
n®
E o ﬁ' Limestone fragments, angular,
) :%'_n-, occasionally subangular, some
Tl & dolomitic fragments, predominant|y
| i 1 - 3 inch,occasionally to 8 inch
% in silty and sandy matrix.
% A
BT
e Do 4.5
FN 4/TP 2
T 0.0 . ;
?‘ﬂ%? (OL) 3 Topsoil; organic, black, roots
LT ovH) 10 Silt; some clay, plastic
e et g Limestone fragments, angular,
o | TR occosionally subangular, some
= e dolomitic fragments, predominantly
Tl a- . L H
= B i 1 = 3 inch,occasionally to 8 inch
ﬁ in silty ond sandy matrix.
1.7 8 1.5
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 4/TP 1 FN 4/TP 2
Sample Depth (Feet): 3.0 2.5
Moisture Content (9): - 8.0

Ice Content (%): = -
Organic Content (%): - -

GRAIN SIZE DISTRIBUTIO N:
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Grain  Size — Millimatras
AG%DR%%SAETE FINE AGGREGATE
—————————— Particle size limits of frost susceptible moterials

PETROGRAPHIC ANALYSIS:

Limestone and dalemite 95.6 9%

Chert 0.01 %

Deleterious limestone and delomite (porous) 3.1
Deleterious siltstone, shale and mudstone 1.3

b
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SITE NO. FN 5X%

Located approximately 10 miles north of Fort Norman, Site FN 5X consists of o very
small eolian sand dune on the southern shoreline of o small lake.

Type of Material: Sand; very fine, some silt.

Estimated Volume: 10,000 cubic yards.

Assessment: This site is not recommended for development because of its
remote location, poor quality and very limited quantity of
recoverable maoterial .

= o e mm Al | reather roed seessnnsienss Required access

————— Existing trails and cutlines  +——-——-Site limit

sssesssenses Proposed Gas Pipeline «———=—=Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit

Airphoto No. A22934/80 Approximate scale: 1" = 3,000
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PEMCAN SERVICES

ENVIRONMENT

Site FN 5X is located approximately 10 miles north of Fort Norman adjacent to a
small lake on o flat, poorly drained, glaciated plateau. The site consists of o smal |
crescent shaped sand dune, approximately 500 feet in length and 100 feet in width,
rising 10 to 20 feet above the adjocent lake level.

The dune contains very fine eclian sand with some silt size porticles.
The dune slopes are covered with a very thin veneer of topsoil, 4 to 6 inches in depth,
which supperts a sparse growth of birch and spruce. The adjacent terrain is predomin-

antly very wet muskeg that supports sparse growths of dwarfed spruce and tamarack.

The general drainage of the adjacent terrain is easterly to the Brackett River which is
located about & mile east of this site.

There are no known critical wildlife areas in the immediate vicinity of the site.
There is no existing access to this site by land or water. The nearest seismic cutline

is located 2 miles southeast of the site and entails the crossing of two tributary streams
which flow inte the Brackett River.

DEVELOPMENT

Site FN 5X is not recommended for development because of its isolated location,
no access, very poor quality and very small volume of recoverable granular materials.
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FN 5X/TP 1

Unfrozen

DETAILED TEST PIT LOG

(OL)

oo
La O

(SP)

3.5

Topsoil; some sand, dark brown

Sand ; fine grained, medium
dense, slightly wet, light brown
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 5X/TP 1
Sample Depth (Feet): 2.0
Moisture Content (%): 7.4
Ice Content (%): oL
Organic Content (%): -

GRAIN SIZE DISTRIBUTIOMN:
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Seive Sizes
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PETROGRAPHIC ANALYSIS:



SITE NO. FN 6X

Located approximately = mile west of Fort Norman, Site FN 6X consists of a river
terrace and the crescent shaped edge of a reworked glaciated plain.

Type of Material: Very fine silty sands with small pockets of gravel
Estimated Volume: Mot established
Assessment: This site is not recommended for development because of the

scattered and minimal size of the pockets of gravel. Extensive
terrain disturbance would result from the harvesting of these
scattered pockets of gravel .

r“. _'«_'-:..;_ =
LEGEND
————— Al weather road sesrrereeeess Required occess
————— Existing trails and cutlines  -——-——- Site limit
sessnaensres Proposed Gas Pipeline + e ——— — - Proposed Mackenzie Highway
® DH  Drill Hole TP Test Pit
Airphote No. A22889/144 Approximate scale: 1" = 3,000
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P PEMCAN SERVICES

ENVIRONMENT

Site FN 6X is located approximately £ mile west of Fort Norman on the west bank
of the Great Bear River immediately north of the confluence of the Great Bear and
Mackenzie Rivers. The site encomposses an area approximately 2 miles in length

paralleling the Great Bear River ond varying in width from 1000 to 3000 feet. The
site area has been separated into two parts;

Part "a" consists of the reworked crescent shaped edge of a glaciated plain. The better
quality granular materials at this source are contained in the upper edge of the glaciated
plain; however, only small pockets of fine grained gravels in a predominantly silty sand
deposit were encountered.

Part "b" consists of floodplain deposits which form o ferrace immediately adjacent to

the current stream channel of Great Beor River. Test hole 522, drilled by the eonsultant
for The Federal Department of Public Works, confirmed that the upper portion of the
terrace consists of stratified silts, sonds ond clays. Gravel was encountered 20 feet below
the terrace surface which corresponds to water elevation in the river.

The general surficial drainage is primarily in an easterly direction into the Great Bear
River. Erosional gullies are incised periodically along the edge of the glaciated plain.

The edge of the glaciated plain (part "a") is well drained while the flat and slightly
depressional surface of the river terrace is poorly drained, resulting in localized swamps.

DEVELOPMENT

Site FN 6X is nof recommended for development because the availability of usable
granular materials is restricted te small, isolated pockets. Harvesting of these scattered
pockets of material would result in extensive terrain disturbance. Exploitation of the
gravel bed in the river terrace is not practical .
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DETAILED TEST PIT LOG

FN &6X/TP 1
0. :
(OL) ﬂ.i Topsoil ; organic, black, roots
(MH) 0.8 Silt; some clay, light brown, damp
(SW) Sand;little silt, fine grained,
dry
it
5
Ef —— 3.0
= (GW) 3 4 Gravel and Sand; trace silt
(SW) Sand;little silt, fine to medium
grained
5.5
FMN &6X/TP 2
: : 0.0
HieaEE (OL) 0.5 Topsoil; organic, black
E | 1] (MH) 1:13 Silt; some clay, brown
o=
= (SW) Sand; little silt, fine grained
= dr
Y
o 2.0
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DETAILED TEST PIT LOG

FN &X/TP 3
(OL)
(GW)
g (SM)
5
(5W)
FN 6X/TP 4
ptae .rr’#; ; _E
(ML)
(W)
(SP)
(GW)
e (o0
; AN
E (MH)
5

oo
= O

2.0

2.7

5.0

- — DO
th O B -

4.0

5.3

0.0
0.5

3.0

Topsoil; organic, black, roots

Gravel; some sand, troce silt,
brown, rootlets

Sand;little silt, trace clay, damp,
root|ets

Sand; little silt, fine to coarse
grained, damp

Topsoil; erganic, black, roots
Silt; some sand, trace clay, light brown, damp

Sand and Gravel; greyish

Sand jtrace silt, fine to medium grained, grey,
dry.

Grovel and 5and; brown

Topsaoil; orgonic, black, wet

Silt; some clay, plastic, soft,
wet
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DETAILED TEST PIT LOG

FN 6X/TP &
o 0.0
Gt — 0.5
=
o
2 (MH)
™
=
3.0
FN 6X/TP 7
N (oL)
o (ML=MH)
&
=
3.0
FN &X/TP 8
e 0.0
Fggff 1 (oL
r*; - et U.?
(ML-MH)

Unfrozen

Unfrozen

Topsoil; organic, black, wet

Silt; some clay, plastic, soft, wet

Topsoil jorganic, black, roots

Silt; some clay and sand, wet
to saturated, brown

Topsoil; organic,black, roots

Silt; some clay ond sand, light
brown, wet to saturated

Topsoil; organic, black, roots

Silt; some sand, trace clay, brown

Sand;some gravel, troce silt, 1 - 2 inch
thick gravel lenses.

Sand; little silt, fine grained
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DETAILED DRILL HOLE LOG

SITE NO. FN éX

HOLE NO. 465

DATE: FEp, 5, 1973 [LOGGED BY: [] PEMCAN X1 R.M. HARDY & ASSOCIATES
Ri : R
BRILLING WETHOD B cornyeions, T ARCERIS O orver
—— o GROUMND ICE
(o) | StAR | LD MATERIAL DESCRIPTION T T T | s
= SYMEBOL Crass | Cuass | cone
- -
PRI i
5 oL o SILT: organic Nbn
2 ML SILT (TILL): slightly clayey, 2 =
low plastic, brown
44| 4
5.0
Sp SAND (TILL): fine grained, &
slightly silty, low to non plastic,
grey
g —
10 4
M C
14.0 14 4
ML SILT (TILL): sandy, pebhbles
v | to 1", low plastic, grey 16
18 LU 18.0 18 -
SP SAND (TILL): fine grained, L
slightly silty, non plastic, grey fé'\s{:
il \
¢ 20-0—" END OF HOLE 20,0 204

GOVERNMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

=
I PEMICAN SERVICES "72"

65



DETAILED DRILL HOLE LOG

gL‘I;E:ND. FN 6X e HOLE NO, 5 522N
DREL“NEEE“;;T?F;DL??S il O PEMCAN [ R.M. HARDY & ASSOCIATES
"B convenTionar O Efnctiaron [ OTHER:
DEPTH UNIFIED GEE"J{J%?TI NE
{Faat) SGRAPH Mﬂ"’nTERA D ONS SAMPLE | DERTH
SEHRL ;:;ﬂ;:l |AL DESCRIPTION G i |z, | TR | ey
u - CLASS | CLASS | conT =
] py s_ PEAT: category 6 Vx | M
CH CLAY: sandy, high plasti
4R v, high plastic,
T dark brown Vil %
%\\
8 \ B O mmm e 8 —
L - slightly silty
e
12 12
14 16 —
L
B 19.5
m‘f’ﬁ‘:&; mc | 20
e .1 Gp GRAVEL: sand i s
D it @ﬂ? : : sandy, non plastic, MNF
b e rown
24550, 24 |
Dot
‘1".-;;':;.:'_ 7]
b0 4
28 8% e 28 —
N :
: CLAY (SHALE): silty, sandy, MNbn
rust specks, pebbles, medium
plastic, gre
___________ P ek e 12 _
- no pebbles
Remark: Drill hale continued
fo 104! ENEiE 20
' END OF HOLE A o
GOVERMNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND MNMORTHERN DEVELOPMENT E
I LL]
GRANULAR MATERIALS INVENTORY PR SERYIcER "




SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 6X/TP 1 FN 6X/TP 3
Sample Depth (Feet); 3.2 1.5
Moisture Content (95): 3.8 5.8

lce Content (%): _

Organic Content (%): =

GRAIN SIZE DISTRIBUTION:

Gravel Sirex Sond  Sipes 11t Sizes Cley Sizes
[oorse IMedium | Fins Cogras| Medium | Fine
| Suive Sizes
R B . 2 o =3 4" % Mg Mapn %gRpaWign Sagp
1 R s I T T I M T L
w-'h' |HEE . - s T U R E 15
- T 11 1
- % | | | | | |
BO T -p\\ \“ ,..\:h I I .,_
| | | | | |
TO 1 1\ ] \‘ [ ] "1‘ | | |1
| N X T T
EEE‘ | NN | ™ 111 b L L1 |
- | AY | A | 1] HETT |
_5 | N\ I e O T Il i
2 o S S I N N
ks I ~ |_ T e T’.’ , T .
= | i AN—TE T TITT ™ ]
:31} 1 1 \ T 1 “"m il. I
= = | L L LTHEN W L
Ls0 ' e i I IR <L
4 i I Tl T 1
: B | =L il
e e mAa 4 AR
| i Ll I [ I - Ll
cI'I:,H:In [L+] [+] Q- Q=01 0o o000l
Grain  Sire — Millimetras
COARSE
AGGREGATE FINE AGGREGATE
—————————— Particle size limits of frost susceptible moterials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 6X/TP 4 FN 6X/TP 5
Sample Depth (Feet): 1.0 4.0
Moisture Content (%): 3.8 4.6
lce Content (96): < S
Organic Content (%): - =
GRAIN SIZE DISTRIBUTION:
. nd =i Sl i
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PETROGRAPHIC ANALYSIS:




SITE NO, FN 7X

Located approximately 13 miles west of Fort Norman, Site FN 7X consists of an
alluvial cone remnant located at the mouth of a stream which discharges into the
Mackenzie River along the north bank.

Type of Material: Gravel; medium grained, very sandy and silty
Estimated Volume: 25,000 cubic yards
Assessment: This site is not recommended for devel opment because of

the presence of the active stream channel, deep overburden,
limited quantities and the difficult access to the site,

[Existing Borro:

LEGEND
—— === All weather road sessvsnieaee- Required access
————— Existing trails ond cutlines  -——+——:S5ite limit
«sessassnees Proposed Gas Pipeline + === == Proposed Mackenzie Highway
@ oOH  Drill Hale TP  Test Pit
Airphoto No. A22889/146 Approximate scale: 1" = 3, 000"
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ENVIRONMENT

Site FN 7X is located approximately 11 miles west of Fort Norman at the mouth of
a small siream channel which discharges into the Mackenzie River on ifs north bank.

The site consists of an alluvial cone remnant and is approximately 400 by 1000 feet
in size.

The alluvial cone is comprised of medium groined gravel, some sand and a trace of
silt. The sand content increases in a upstream direction. Ground water was en-
countered at a depth of 3% feet at the northern portion of the site orea. An active
stream channel flows through the middle of the site area.

The organic topsoil layer, underlain by a stratum of silty sond, overlies the entire

site area and varies in depth from 13 to 3 feet, This surficial organie stratum supports
growths of birch, spruce and occasional poplar. The understory growth consists of thick
moss and small plants. The adjacent terrain is a relatively flat glaciated plain and is
well drained. The general drainage of the site area is southerly into the Mackenzie
River.

There are no known critical wildlife areas in the immediate vicinity of the site.

The existing access to the site consists of a seismic cutline by land and by the Mackenzie
River by water if barge haul is considered.

DEVELOPMENT

Site FN 7X is not considered suitable for development for the fallewing reasons:

- An active stream channel flows through the middle of the site areq; therefore,
development of this site may have detrimental environmental effects on the
stream regime since excavations near the stream would be necessary in order
to harvest a large part of the limited volume of material.

- The thickness of the topsoil and silty sand overburden is substantial, especially
when considered in relation to the minimal volumes of granular materials that
are available for excavation,

- The quality of the available granular material is fair and it is suitable for
general fill requirements.

- Access to the site by land will entail the crossing of the Great Bear River, which
restricts the exploitation of the site to the winter season.




FN 7X/TP 1
(OL)
(ML)
' (GW)
FN 7ZX/TP 2
fet EDL
ﬁ MH
2 (SM)
. (GW)
(GW)
FN 7X/TP 3
Fotee]  (OL)
[ e —
p (sP)
5

DETAILED TEST PIT LOG

oo
th O

3.5

o oo
o WO

3.0

Topsoil; organic, black, roots

Silt; little sand, trace clay

Gravel end Sand; trace silt

Topsoil; organic, black, roots
Silt; some cloy and sand

Sand ; some silt

Gravel and Sand; trace silt, damp

Gravel and Sand; trace silt, damp
Frozen

Topsoil; organic, black, roots
Silt; some clay, light brown

Sand; poor graded, damp
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(OL)

(MH)

Unfrozen

FN 7X/TP 5
s
Peeay
; ’%% (©b)
o
£ (ML-MH)
=2
(ML=MH)
EN 7X/TP 6

Unfrozen

DETAILED TEST PIT LOG

a0 D
o WO

3.0

2.0

0.0

0.8

2.2

Topsoil; organic, black, roots
Silt; some clay, light brown

Sand and Gravel; well graded,
brown

Gravel and Sand; some clay and
silt lenses

Topsoil; organic, black, roots

Silt; some sand and clay, very soft
wet, brown

r

Silt; some sand gnd clay, frozen

Topsoil; black organie, roots

5ilt; some sand and clay, wet

Sand; some gravel, frozen,
trace of silt and clay
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DETAILED TEST PIT LOG

FIN 7X/TP 7

Unfrozen

FN 7X/TP 8
. 0.0
il (OL_ s
E
g | S
o |
Tl
S
— 80
(SC)
4.0

Topsoil; orgenic, black, roots

Gravel and Sand; some silt and
clay lenses, wet

Gravel and Sand; some silt and
clay, wet

Gravel ond Sand; some silt and
clay, frozen

Topsoil; organic, black, roots

Silt; some sand, little aravel,

damp, dense, light-medium brown,
infrequently boulders

Silt; some clay ond sand, |ittle
gravel



DETAILED TEST PIT LOG

FN 7X/TP 9

Unfrozen

FN 7X/TP 10
0.0
(OL)
= —=p48
(SM)
— 1.4
B
E
2k
Sk (SM-GM)
4.2

Topsoil; organic, black, roots
5ilt; some coarse sand, with

gravel lenses, wet

Gravel; some sand, trace of
silt and clay, wet

Topsoil; orgenic, black, roots

Sand; some silt, light brown, damp

Sand; some silt, thin gravel layers
and lenses
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 7X/TP 1a EN 7X/TP 1b EN 7X/TP 2
Sample Depth (Feet): 1.0 9 5

Moisture Content (%); 22.0 2.9 2.9

Ice Content (%): = -

Organic Content (%): 5 =

GRAIN SIZE DISTRIBUTION:

Gravel Sizrae Sagnd Sizes S SizEs

Coarse |H|iiurr| lFinl Cogras Hgdl.urﬂrin' loy: Blzm

Seive Sizes

"ip  "a2p "a0"s0"o0 o0

ol o o
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1o ]L\H i S E ] 11 M
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3 =t 1 i
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TO ‘1\1 _,,-TPZ \L’ £y =il I !
(1 1 ""\ 11T |
1+ T
5 M N N I S |
.":‘50 \ [ BT [
5 : B 1 8 Wl | IR L]
& 4 TPIE~ =} T RIAE 3
¥ IR ™ (I S T I
: : i | X SER, L H
33n ’, i 1 s r-i- Ty i il : "\\ [EHl| i
& S R T TSSO T
- B i R I ] ] il
| I I il T |
o | TN | T THE e |
| | QAL S L - G WHELL L L il | e P |
all ““ al:'FMHH 8 O ]
100 10 0 ol D-01 o-ao0l C-00al
Grain Size — Millimatras
ﬂﬁ%ﬂﬁi%%TE FINE AGGREGATE

——————e—e—e Pyrticle size |imits of frost susceptible moterials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 7X/TP 3 FN 7X/TP 4a FN 7X/TP 4b
Sample Depth (Feet): 2.0 3.0 4.5
Moisture Content (%): 1.2 7.8 -

lce Content (9): B s

Organic Content (%): - a =

GRAIN SIZE DISTRIBUTION:

8 i Sgnd Sires SN Sizes
rai) ! Skivs Cogrse |uadium |F|.r|| ;gg[illﬂedlumJ_Fine Gigy, hxes
Soive Sizas
A e s "ip "spn o "50"™oo"zo0
'”‘“qlie 1] | ™ ILON [T, 11 1 7T
TN [ T [ 1°% T I T
s0 ! - x T i |'
80 | | | TP B L1 I ! |
| N ) \‘h 1l ]
| | i | I | | ]
7O ! 4 1
\\ 1 1.1! | | | ‘.L“_._I__L!_I | | i { i
&0 W—1TP db [ i T ™ (1] I | |
5 I\ RN [N | |
F 50 : A\ U S 1 AN ' |
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H TP 4 ! b | |
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= ’ i TS ) |
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C20 ! 5 R UL L2 I
¥ __!_.. h.‘h_
| i i‘"h. ]
VO T 1] TS T S
01 0 O A HIIEE 71
100 s (] o-i a-ol o-0o 0000l
Grain Size — Millimean &
GAASE FINE AGGREGATE
—————————— Paorticle size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS: (From FN 7X/TP 4 o & b)
Cherts 39.2 % Limestone & dolomite 15.2 %
Quartzites 20.1 % Metamorphic material 2.2 %
lgneous material 20.0 %
Deletericus siltstone, sandstone and shale 2.9 %
Deleterious ferruginous material 0.2 %



SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 7X/TP 7 FN 7X/TP 8 FN 7X/TP ¢
Sample Depth (Feet): 3.5 2.5 1.5
Moisture Content (%): - 7.1 15.2
lce Content (95): "

Organic Content (%): =

GRAIN SIZE DISTRIBUTION:

Gravel Sizes Sgnd Sies sy Sizes
Coarse [Medium [Fine Cograe] Medium | Fing Gy e
I Soive Sizes
ook :"ur At g By W Eap W o %00 %apn
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Gram  Sire — Milllmetres
COARSE
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——=—======= Particle size |imits of frost susceptihle materials

PETROGRAPHIC ANALYSIS:



SITE NO, FN 8

Located approximately 4 miles east of Fort Norman along the north bank of the
Mackenzie River, Site FN 8 consists of Tertiary sands and gravels overlain by deep

glaciolacusirine depesits,

Type of Material: Sands and Gravels; medium to coarse grained, cemented.
Estimated Volume: Mot established
Assessment: The excessive depth of overburden prohibits development

of Site FN 8 as a potential source for granular materials.

xp wl

S

- = Al | weather road
————— Existing trails and cutlines
sassssssasss Proposed Gos Pipeline

© DH  Drill Hole

LEGEND
S i b REqUirEd access

s——-——-Site limit

* = = == Proposed Mackenzie Highway
TP Test Pit

Airphoto No. A22934/162

Approximate scale: 1" = 3, 000"
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P PEMCAN SERVICES

ENVIRONMENT

Site FN 8 is located approximately 4 miles east of Fort Norman and consists of glacio-
lacustrine deposits overlying tertiary sands and gravels. The exposures examined
during the initial field reconnaissance consisted of the steep northern bank of the
Mackenzie River which rises 100 to 150 feet above the water level of the river. The
gravel is exposed along the steep bank for approximately 1 mile; however, the width

of the tertiary gravels could not be established at this time because of the extensive
depth of the overburden.

The exposed tertiary deposit is approximately 50 to 60 feet thick and consists of
stratified, cemented, medium to coarse sands and gravels with occasional cobbles and
boulders. Since only the exposed cliff faces were examined, details relative to ground
ice content and ground water in the tertiory gravels could not be evaluated.

The adjacent terrain away from the river bank is relatively flat, has numerous small
lakes and supports moderately dense growths of spruce in excess of 30 feet in height.

The existing access to this site consists of the winter road which parallels the north
bank of the Mackenzie River at a distance of approximately 1 mile in the vicinity of

Site FN 8. The proposed route of the new Mackenzie Highway is coincident with the
existing winter road in this area.

DEVELOPMENT

In view of the promising exposure of Tertiary sands and gravels noted in the steep north
Mackenzie River bank during the preliminary field reconnaissance (ref. location: airphoto
Site Description map, page 8-1), an extensive drilling program was conducted in February
1973 to evaluate the depth of overburden and to map the areal extent of the Tertiary
deposit. The drill holes, lacated as noted on the airphoto, which were advanced to
maximum depths in excess of 40 feet, did not penetrate to the top of the Tertiary grovel
stratum. The overburden, consisting of silts with some sand and clay at various intervals
of depth, exhibits moderately high ground ice content.

Therefore, on the basis of excessive overburden depths, Site FN 8 is not recommended for
development as a potentially exploitable source of granular materials.
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SECTION A-A

NOT TGO SCALE

#50"

100" - 150"

Mockenzie
River

v

Description of the Exposure

® Silts and silty sands

@ Sand medium fo coarse grained, cemented horizontally and
cross stratified, greyish; occasional layers and lenses of
cemented gravel

@ Gravel and sand, slightly cemented, grey. Pebbles pre-
dominantly to 13 inch. Infrequent cobbles and boulders.



DETAILED DRILL HOLE LOG

SITE NO. FN 8 HOLE NO. DH-1
DATE® FEB. 2, 1973 [LOGGED BY' [X] PEMCAN O
DRILLING 'METHOD: () convenTionar O 8Rcdikiion [J oTher:
DEFTH UMIFIED GEELJ{JE?HGJ\IESE SAMPLE | GEFTH
(Fent] ;EAPH GROUP MATERIAL DESCRIPTION - TYPE | (Fawe)
MEOLL svmsor CLASS ctxes E;LE
0 x 0 —
oL TOPSOIL: some silt, dark brown
1.O
3= 1 3 —
Vx | M
6 — l ML SILT: troce sand, greyish brown & —
o I .
UF
[ 1.0
12 —
SILT: some clay, medium to high 15 —
plastic, grey
W M
18
210 , 21 —
CLAY: some silt, high plastic,
dark grey
24 —
T GTAL DEPTH 27.0° ' 27
30 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

5
I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY




DETAILED DRILL HOLE LOG

SITE NO. FN 8 HOLE NO. DH-2
DATE: Fgg. 2, 1973 |LOGGED BY: ) PEMCAN O
ORILLING METHOD: X] CGNVE':JIPJGNAL O ér!étCEfE%Fliéﬁl [] oTHER:
DEPTH Ez%‘:‘”ﬂ{f,TFD:JEE
! PLE FTH
our] | GRARN | UNITIED MATERIAL DESCRIPTION TVRE | tren)
SYMBOL 5YMBOL GEN'L | MRC. | ESTD
U CLASS | CLASS COMT.
YR =
e CL TOPSOIL: some silt, organic, Vix
dark brown
.G
4 4
ML SILT: some clay, medium to high "-.-:;:
plastic, stratified Ve
3 B M B —
12 — 12 =
15.0
16 16 —
20 CLAY: some silt, high plastic, 20 —
CH dark grey Vx | M
24 24 -
28 28
32 32
36 37.0 — ol
~ TOTAL DEPTH 37.0’
40 40

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY E"'EM“” SERVICES "72




DETAILED DRILL HOLE LOG

SITE NO. Fn 8 HOLE NO. DH 3
DATE: fgp. 1, 1973 [LOGGED BY: ¥ pEmcAN O
DRILLING METHOD: (7] conveRtionar O &R BEXERSE [T orher:
DEPTH UNTFIED GE%W&?TIOL%E SAMPLE| DEPTH
[Fowe] ;:{:21 GROUP MATERIAL DESCRIFT]DN . -~ TYPE | {fewe]
SYMEOL CLass cNL:st E:s:uru?
D _.I_ . [} —]
S oL SILT: organic, dark brown to
Tl “ON_black - a
ML 4.0 SILT: little sand, medium b 4 —
\rGWn e
g —
SAND: little silt, fine grained, Vs M
SM few pebbles & M.C. 12 —
Vx [—
14.0
16 - 14 —
ML SILT: trace fine sand, blue-
[ grey Vx
20 H 20 —
210
24 |l 24 -
ML SILT: blue grey to medium brown Vr | H
28 — 28
I
32 H 32 —
! — 0
36 — TOTAL DEPTH 35.0° 36
40 AQ —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

b
I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

DEPTH
[Fuat)

0

10

15

20

25

40

45 —

SITE NO. FN 8 HOLE NO. pH-4
DATE: FEB, 1, 1973 [LOGGED BY' [}] PEMCAN O
3 A
DRILLING: METHOD! Iy convenTionar O 5';?#:5515?{5}& [J oTHER:
e
MIFIED ITio SAMPLE | DEPTH
oram | U MATERIAL DESCRIPTION ey e sy (4 [
SYMBOL CLASS | cLASS | comr,
D —
Pt i PEAT: fibrous, muskeg Wi
SM SAND: some silt, trace organics,
\ dark brown 5 —
3.0
10 —
M C
SM-5P SAND: little silt, very fine 15
grained, dark brown M
Vs
20 —
25
31.0 —iM C =
. 35
SP-SW SAND: trace silt, medium brown Vr | H
MC | 40 —
420
TOTAL DEPTH 42.0'
45 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

5
| PEMCAN SERVICES "72"




SITE NO. FN 8

DETAILED DRILL HOLE LOG

HOLE NO. pH-5

DATE: EEB. 1, 1973

LOGGED BY: ] PEMCAN ]

DRILLING METHQOD: hd

AR A
CONVENTIONAL L] CiRclULA

RN '['35 ] oTHER:

=4 FTI

DEPTH
{feat]

DEFTH UNIFIED Gggwﬁtmr‘«? SAMPLE
{Fewt] ;:‘:;: GROUF MTEMAL DESCRiFTIDN '__ TYPE
EeMgoL GEWL | NRC. | EsTD
D CLASS | CLASS COMT,
Bt bt | PEAT: Wibrous, muskes VM
5 SILT: little sand, grey V-V
ML H-M
1|
10 —
15
210
SM-SP SAND: some silt, very fine
grained, grey v
M
MC |
420

45 —

TOTAL DEPTH 42.0!

10

20 —

28 =

35 —

40 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

i
I PEMCAN SERVICES "72"




DETAILED DRILL HOLE LOG

SITEIND, FN 8 HOLE NO. DH-6
DATE® Fpp, 2, 1973 |LOGGED BY: [ PEMCAN 0
DRILIING MEVHOD' ) conpyeian, L) Bllcbeymi E1oT
DEFTH UNIFIED Ggg%%?ng:h? saMPLE | pERPTH
{fem) GRAFH GROUP MTERtAL DESCR]PT[DN T'f'PEh IECTIS
L EN'L Y
MO | CLaSs | dinss comt .
00— _ ' )
: Pt PEAT: fibrous, muskeg V | M 0
1.0
3+ ML SILT: little sand, medium brown Vs H 3 -
—1 5.0 o=
&= - saond layer 5'-6', fine grained, 6
medium brown
|
Q —1 9
12 - ML-CL SILT: ‘somelay, Hght gioy Vir-Vs 12 -
15 15
18 —u 180 18 -
ML SILT: little sand, light grey Vs | M
21 21 =
—{ 230
<o ML-CL SILT: some clay, medium grey 24 -
Vx
27 4| 27 S
50 390" TOTAL DEPTH 30.0" T == 30

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES 72"




DETAILED DRILL HOLE LOG

SITE NO. FN 8 HOLE NO. DH-7
DATE: ppp, 2, 1973 |[LOGGED BY: [y PEMCAN ]
DRILLING METHOD B corvyelfona, 01 ARCIEG Cloveee
DEFTH GEEL::':)::HD:E'-E 5
MP T
et | SRari | O MATERIAL DESCRIPTION g iAo i 4 53
SYMBOL Ceass | cUAss ConT
0 - 0 4
= ML SILT: troce sand, light brown M gie
- becoming blue-grey in color
g at 7' - 9 g
9.0
H
12 = Vs 12—
SILT: some clay, blue-grey
16 H ML-CL 16 —
20 — 20
24 24 -
28 — 28 —
320 32 —
= TOTAL DEPTH 32.0
36 — 36

GOVERMMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT




DETAILED DRILL HOLE LOG

SITE NO. FN B HOLE NO. DH-8
DATE: FEp. 2, 1973 |LOGGED BY: 31 PEMCAN [
ORILLING METHOD!: o convenTional O ClRcOLATIOoN [ OTHER:
DEPTH UMIFIED Gggi%TTIOLEE SAMPLE | DEPTH
(fewr] | SRARM | our MATERIAL DESCRIPTION TYPE | fFunt]
SYMBOL ST AOL GEN'L | MRC. | E5T'D ;
CLASS | CLASS | ConT,
0 0 —
ML SILT: light brown Vo |L-M
4 4.0 4 —
8 — g8 —
12 12 4
SILT: some clay, medium brown
1 Vs M
“ 16 —
ML-CL - occasional sond pockets,
medium grained, grey
20 g 20 —
24 — 24
28 — 28
32 = T OTAL DEPTH 32.0° ks
36 4 36 -
| L

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

5
I PEMCAN SeRVICES “72"

GRANULAR MATERIALS INVENTORY




DETAILED DRILL HOLE LOG

SITE NO. FN 8 HOLE NO. pH-9
DATE: fEpg, 2, 1973 LOGGED BY: ] PEMCAN 0
ORILLING METHOD: (7] onyehiionar 3 cipertagion [ OTHER:
DEFTH E BE%%FE?TLG;HESE E
[fomr] | GRABH | UNITIED MATERIAL DESCRIPTION == oy s
SIMEOL | svmeoL CLASS | Ciass CONT.
0 e 0 —
s —\DL SILT: organic, dark brown A i
|.0
4 — SM-SP SAND: little silt, medium brown M v, o
6.0
ML SILT: trace sand, blue grey
8 8.0 g
12 12 —
16 — O
SILT: some clay, blue-grey,
occasional sand pockets H
20 — 20
I
24 24
ML-CL
28 28
32 — 32
36 - 36 -
:'
| 380
40 — TOTAL DEPTH 39.0' 40 -
GOVERMNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS a5
AND NORTHERN DEVELOPMENT Pp - —
EMC RAVICES
GRANULAR MATERIALS INVENTORY -

g-12



DETAILED DRILL HOLE LOG

SITE NO. gNn 8

HOLE NO. . a-

DATE: LOGGED BY: ] PEMCAN

X R.M. HARDY & ASSOCIATES

GRANULAR MATERIALS INVENTORY

RI i AR SE
DRILLING METHOD' [ conventionar O SR BERERSE, [ oTHER:
GROUNDG  ICE
DEPTH FIE ERTH
(o) | graew | CSEED MATERIAL DESCRIPTION P ] B o 80
: sYmeoL CUAss | CLASS | Cont
Y] PT__ | . PEAT S
e o e T i Nb
n
2.0 2
SAND: SILT
- fine sand
- very silty
-1 lasti 4=
ow plastic
- brown
. & —
== EJEyE}‘
7.0
CLAY:
brown - grey Che
______ medium plestic
- grey
- high plastic 104
- less silt
- less sand
T2
14 7
6.0 14 —
END OF HOLE 16.0
GOVERNMENT OF CAMNADA
DEPARTMENT OF INDIAN AFFAIRS
AND MORTHERM DEVELOPMENT E
PEMCAN SERVICES "72"




DETAILED DRILL HOLE LOG

SITE NO. FN8 HOLE NO. €139

DATE: DEC. 15, 1972 [LOGGED BY: [ PEMCAN K R.M. HARDY & ASSOCIATES

RI : AR AIR_REVER
DRILLIMG METHOO: 2y CONVENTIONAL [J ClRCOLATION [ OTHER:
GROUND 1ICE
DEFPTH MIFIED COND OMS
tfeor) | GRAPH | UNITIEE MATERIAL DESCRIPTION = gl il
g | ac [ e
0 ' 0
Pt PEAT W
2.0 o 2
5P SAND: MNE
- fine UF
- silty
- non plastic v 5 4
- brown
hib
Cl CLAY: o
= ST“}-'

- medium plastic

8
Vx M
Vx M H
—————— M e e e ]
CH - high plastic Vx M 12
= Qrey
WVi=WVe M
14.5 =
END OF HOLE 14.5'
167 16

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 8 HOLE NO. C 140
DATE® DEC. 14, 1972 |[LOGGED BY: [ PEMCAN R.M. HARDY & ASSOCIATES
PRILLING. METHODI 9 o avehnonaL T EIRcOLATION [ OTHER:
DEPTH UMNIFIED GEELI\II'E[:TIDL? SAMPLE | DEPTH
[Fuwr] ::;::: GROUP MTERLQL DESCR]PT!DN = . TYPE | [Fuat)
SYmaol SiASs e EéL?
D =
Pt PEAT W H
2.0 1di
2
OL SILT:
= organic
. R TP S 47
MH - low plastic AT L
- brown
&
Vs M
|
- sandy-fine
87 MH Vx | M 8 |
1 C :3—2_‘1_@_\@_@5:;1:.5@1@@:_ ol i Vs | M 10 ]
Wo-_________sondsiltlayer — " -
brown Vs L
12 Vr M |
_______ i s B R S S e et e
CH - high plastic
14 - brown ba
to '®°"END OF HOLE 16.0 16 7
j —_

GOVERNMENT OF CAMNADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

g-15



SITE NO. FNB

DETAILED DRILL HOLE LOG

HOLE NO. C 142

DATE: pDEC. 15, 1972

LOGGED BY: [ PEMCAN

B R.M. HARDY & ASSOCIATES

Rl ;
ORILEING WETHOD B coneifhonin, O ARCBTG O ower
DEPTH UNIFIED ngiﬁnnlﬁf
fhaon). | e MATERIAL DESCRIPTION TRNREE | omnr
ok S.:::'.Ig“c:.épl- E‘f;“;'_-s En:.:.; EEDLE‘ YPE | [taet)
0 0
:] SILT: Nbn
- fine sondy
9 - tracz of c.:]::)r o
- low plastic
- brown
i Wx M 4
5.0 6
Cl CLAY: Vx M
- silty
- medium plastic
- brown 8
Ve | M
10 4
Ey poe e R 12
- high plostic Vx | M
- grey
14
15.0 —_
END OF HOLE 15.0
16 16
GOVERNMENT OF CANADA
DEPARTMENT OF INDIAMN AFFAIRS
AND NORTHEREN DEVELOPMENT =
GRANULAR MATERIALS INVENTORY PENEAN BERMISES: 7R




SITE NO. FNB

DETAILED DRILL HOLE LOG

DEPTH
[Fuat]

0

12

15

18

21

24

. HOLE NO. BI079
DATE: DEC, 10, 1972 |[LOGGED BY: [] PEMCAN A R.M. HARDY & ASSOCIATES
R :
ORILLING WETHOD T ¢ gy fifions, 0 ABcBESEIS D omoer:
" UNIFIED GEEI#E?TI-D;!%E SAMPLE | DEPTH
GRAPH SR MATERIAL DESCRIPTION TyeE
simeor | SAOU0 GENL | MRC. | EsTR Heat]
CLASS CLASS CONT.
Pt . PEAT R Nbn G’_
CLAY: W M
silty, medium plastic 3 =
. brown
Ve | M
s R, S DR e - - & —
less silty, medium to high
plastic, grey brown Ve | M
o
. Wk M
/ 12
o ) S S S O . s
trace of silt Vs | M
medium to high plastic .
_ grey e
_
18.0 —=~ Ry 18
_ no silt Vs | M
f’f high plastic
. grey 21 —
,ff"}
. i | e
END OF HOLE 24,0
GOVERNMENT OF CANMADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERMN DEVELOPMENT o
GRANULAR MATERIALS INVENTORY PHNEAN, BERVIEES TS
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SITE NO. FN 8

DETAILED DRILL HOLE LOG

HOLE NO.

B10 80

DATE: DEC, 10, 1972

LOGGED BY: ] PEMCAN

K] R.M. HARDY & ASSOCIATES

DRILLING METHOD: B!

AlR
CONVENTIONAL ]

AIR REVERSE
CIRCULATION

[] oTHER:

|

DEPTH
| Fawt |

DEFPTH GE%‘:JHEDT IESE
UNIFIED iTION .
troar) | GRAPH | BT MATERIAL DESCRIPTION st
smsoL | SRR cEwl | mec | estp
CLASS | CLASS | COMT,
aE PEAT Nbn
' SILT: organic, brown Wi H
_____ non organic, trace of find sand Vi M
trace of clay, low plastic
brown
_____ more sandy Vx L
6.5
CLAY:
silty, medium plastic, brown
T~ lesssilt, medium to high plastic Vx -
------ grey brown
trace of silt
_____ silty, medium plastic Nbn |
W M
T lesssilt Y M
medium to high plastic *
26.0
EMNL OF HOLE 26.0'

0 -

12

157

187

2] 5

24—

GOVERNMENT OF CANADA
DEFARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMEMNT

GRANULAR MATERIALS

INVENTORY

I PEMCAN SERVICES "72"




DETAILED DRILL HOLE LOG

SITE_NU. FM 8 HOLE NO. B10 81
DATE: DEC. 10, 1972 |LOGGED BY: [ PEMCAN R.M. HARDY & ASSOCIATES
R o] CDN'I.I'EI:JITRICJNAL [ ?p'#cﬁfiﬁ%i [J OTHER:
DEPTH UNIFIED GE%LP{I%TTH:INS SaMPLE | pERT
frampy | GRAPH | o MATERIAL DESCRIPTION Ty u...';
SEMBOL | symBoL ,:”L':'E’i
BT PEAT G=
0.3
L _OH__ |, o____3ILT: organic Nbn
ML - sandy, low plastic Vx ;, .
- brown
6 6
i 7.0
Cl CLAY: W
5; e SIH’}’ '?
- medium plastic ]
1 12 -
R e e s
CH - less silt Vo
- medium high plastic
1 - grey brown 15—
18 -
Vi 18
..sz.,.
bl
21 21 7
e
- Vx
241 24
i
2?‘%/’ ,; 2T
28.0
END OF HOLE 28.0'

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

| PEMCAN SERVICES “72"




DETAILED DRILL HOLE LOG

SITE.ND, FMN B HOLE NO. B10 448
DATE: MAR. 2, 1973 |LOGGED BY: [] PEMCAN R R.M. HARDY & ASSOCIATES
DRILLING METHOD [x] chvEﬂTRLDNAL O Eﬁ'&ﬁfiﬁéi [] oTHER:
DEFTH —— UNIFED GZEL:J"‘I;HDITIDLEE SAMPLE DEPTH
|Famr] GROUP MTER]AL DESCRIPT[ON TYFE | ¢
SYMEOL AT GEML | mmc | esto bl
EI CLASS | CLASS | COMT
SILT: RS Nibn %5
- slightly clayey
7 - non plastic
MH ~ dark brown B3
6 — & —
3.0 - o
cl CLAY: M
- S.Ht‘y
- medium to high plastic
- dark grey brown 12
|
18 ]
21
24 _
Cl M
CH 4
30.0— END OF HOLE 30.0° = 30
GOVERMNMENT OF CAMADA
DEPARTMENT OF INDIAN AFFAIRS S
AND NORTHERN DEVELOPMENT y
PEMC g
GRANULAR MATERIALS INVENTORY AN SERWIEES. e
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 8 (Sand) FN 8 (Gravel)
Sample Depth (Feet): 50 70
Moisture Content (9): = C
lce Content (%): - "
Organic Content (%): - -

GRAIN SIZE DISTRIBUTIO N:

& af =i ne Sirgs Skt Sizes
£ Pk mﬁ—lﬁ\“lum Fine Cograe | Medium | Fine o L
Seive Sizes
-— 3.; =f|‘_{_h I-gn ,i,T lT i b 7] 'ﬂﬂ'ﬂﬂ“lﬂD.EDD
I 1] A [ TTT% ITTd HHITTT 17 EREE
iy H 4 i (B | . 5, B Hefd I IS8
gollLLLTN FTOT T TSN Y !H 130 .
| N [ N b R 3 [
= I A A 31N 1 ]
! —N Sy L TTTIR HH L IIER
. \ % —oand N 1] AN
) | BNA W | b LLfd EENE
- | \ I I “.‘.I'; % LT I:
= | VI —Gravel | !\_4'{__ I \3_ [ Al |
Fso \ | | i L] I |
- = = | | | S Lif |
5o X - AN ‘
L — \- | I [ h ."‘ '_-l_ 1] 174
Tao "'1‘-.._‘“ == i\‘ T T ~ T
o | 1 T '\
o P, ! | | b 13 LY
£ap I i '_\\T”- a1 el
~ | B b O ]
1o || II e :“I"\l\- _‘rh‘ T {
i | ﬂl_ L LIRS RS E i | il (5 Sl '
[l I | [1] HINE RS | HEEL Rl =]
oo o [ a1 o o-ool ¢-000!
Grain  Sire — Millimatras
AGEHE e FINE AGGREGATE
—————————— Particle size limits of frost susceptible maoterials

PETROGRAPHIC ANALYSIS:

Chert 49.4 9%
Quartzites 49.3 %
Deleterious material 1.3 %
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SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample

Lacation

FM 8/ DH 3
FN 8/ DH 4
FN 8/ DH 4
FN 8/ DH 4

FN 8/ DH 5

Sample Depth

(Ft.)

B-22

Moisture Content
(%)

20.5



SITE NO, FN 9X

Located approximately 6 miles north of Fort Norman at the confluence of the Brackett
and Great Bear River, Site FN ©X consists of an alluvial floodplain.

Type of Material: Silt; some sand, traces of clay
Estimated Volume: Mot applicable
Assessment: This site does not contain any appreciable quantities of

granular type material; therefore, the site should not be
considered for development.

e e e e A | weather rood semeeesrsees RBequired oceess

————— Existing trails and cutlines  -——-——-Site limit

ssssessneses Proposed Gas Pipeline »=———=—-Proposed Mackenzie Highway
@ DH Crill Hole 4 TP Test Pit

Airphoto No. A22934/79 Approximate scale: 1" = 3, 000"



PEMCAN SERVICES

ENVIROMMENT

Site FN 9X is located approximately 6 miles north of Fort Norman at the confluence
of the Brackett and Great Bear Rivers. The site consists of an alluvial floodplain
adjacent to the west bank of the Great Bear River, and is approximately 1000 feet by
1000 feet in area.

The alluvial floodplain consists primarily of a sandy silt with traces of clay. Gravel

layers and pockets can be expected only at greater depths below ground surface. Ground
ice was encountered at a depth of about 24 feet below existing ground surface.

An organic topsoil stratum, 6 inches in depth, overlies the site area. This organic layer
supports a moderately dense growth of spruce, with some birch and poplar.

There are no known critical wildlife areas in the immediate vicinity of the site; however, the
upsiream area along the Brackett River is reported to contain spawning beds that are utilized

by grayling.

DEVELOPMENT

Site FN 9X is not recommended for development because the in sity material encountered
to depths investigated do not constitute a granular type moterial.
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FN 9X/TP 1

R (OL)
(ML)
c (MH)
¥
o
=
=
(MH)
FN 9X/TP 2
I (ve)
O [
= _-,_éu@ﬂ}f‘ (OL)
:LT S sl al
(MH)
oty (O
BRI ik
(OL)
(MH)

DETAILED TEST PIT LOG

= AN
o Ao

2.3

4.3

0.0

1.0
1.7
2.3

3.0

0.0

1.0
15

Topsoil ; organic, black, roots

Silt; some sand ond clay, brown

Silt; some sand ond clay, brown
wet

Silt; some sand and clay,
medium grey

Topsoil; organic, black, roots
Silt; some clay, little sand, light brown

Crganic soil, black

Silt; some clay, little sand, brown, wet
Silt; orgonic, wet
Silt; some clay, little sand, frozen

Topsoil; organic, black, roots

Silt; some clay, little sand,brown, frozen
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SITE NO. FN 10

Lecated approximately 44 miles north of Fort Norman, Site FN 10 consists of an
erosional river terrace on the west bank of the Great Beor River.

Type of Material: Sands and Silts; fine grained, small pockets of gravel,
Estimated Volume: 400,000 cubic yaords.
Assessment: Very poor quality material suitable only for marginal general

fill requirements. This site is not currently recommended for
development because of the difficult access and poor quality
of material.

———==All weather read =~ .eees s++=+: Required occess
————— Existing trails and cutlines  -——+——-Site |imit
sraresesssss Proposed Gas Pipeline »=——=—-=Proposed Mackenzie Highway
® DH  Drill Hole 4 TP Test Pit
Airphoto No. A22934/140 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIRONMENT

Site FN 10 is located approximately 43 miles north of Fort Norman on o glaciofluvial
plateau that slopes downward to the erosional river terrace on the west bank of the

Great Bear River. The site area is 700 feet to 2000 feet wide and parallel to the river
for a distance of one mile.

The erosional river terrace consists of fine sands and silts of Fluvial origin, locally rewerked
by wind action. Periodic small pockets of gravel are evident in the fluvial deposits in the
southwestern portion of the site. The mantle of organic topsoil is approximately & inches

in depth and supports sparse growths of spruce and birch trees, 15 to 20 feet in height. The
understory growth consists of moss, small bushes and clusters of Labrador Teq.

There are no known critical wildlife areas in the immediate vicinity of the site.
The adjacent terrain above the site area is relatively flat and consists of a glaciated
plain. The general surficial drainage of the site area is southeasterly into the Great

Bear River.

There is no existing road access to the site and the nearest seismic cutline is approximately
1 mile to the northwest.

DEVELOPMENT

Site FN 10 is not currently recommended for development because of the poor quality of
recoverable material and difficult access to the site. It is considered that the fine eolian
sand can only be utilized for marginal general fill requirements. Random develepment of
isolated gravel pockets may be considered, but considerable description to the existing
terrain resulting in environmental damage may result.

|f this source is considered for development at a future date then a detailed assessment of
physical and biotic conditions inherent at Site FN 10 at that time should be undertaken
and specific development guidelines for the site in accordance with current Land Use
Regulations should be outlined.
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DETAILED TEST PIT LOG

FN 10/TP 1
oy 0.0 )
i (Pt) 6.5 Topsoil; organic, black, some peaf
i (ML) Silt; powdery, some fine grained
Z sand, brown, roots
N 1.5
= (P) E;"":-nr:cl,: little silt, poorly graded,
rown.,
3.5
FN 10/TP 2
;:?'-{lf‘:;,:" 0.0
?}i% (Pt) Topsoil; organic, some peat
pr T 1.0
(ML) Silt; powdery, little fine grained
- 2.0 sand, roots, brown
[T} e -
N
2
5 Silt; some sand, light brown, thin
(ML) layers of very fine grained sand.
5.0
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SITE NO. FN 10

DETAILED DRILL HOLE LOG

HOLE NO. DH-1

DATE® JAN. 30, 1973 |LOGGED BY: [x pEMCAN 0
DRILLING METHOD: X CDNUE'&JJTRIDNAL O ’cﬁ“ulgcﬁfigrféfq [C] OTHER:

DEPTH
TR

DERTH AH UMIFIED GE?)%%?TID!I\JESE 5,!.MPLE]
[Fowt} ;:\Hﬂ’: GROUP MTERIAL DESCR]FT'DN TYPE
STMBOL GENIL | NAL. | EST'D
0 CLASS | cLaSs | conr.
F&%ﬁﬁ Pt & PEAT: fibrous, muskeg \V M
2|
. ML SILT: low plastic, medium brown Ws H
6 6.0
8 — ML SILT: some clay, low to medium Vs M
plastic, medium to dark brown W
10 -
110
12 TOTAL DEPTH 11.0

0 —

19 =

12 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

=
I PEMCAN SERvVICES 72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 10 HOLE NO. DpH-2
DATE: LOGGED BY: [J PEMCAN 0

Ri M : AR A EVER
DRILLING METHOD: [ CONVENTIONAL L] CI@CSLA%I%E\I [ oTHer:

DEPTH UMIFIED GE%EJ!;?TIG;JCEE SAMPIE ] QEFTH
“‘ilf} GROUP MATEREAL DESCR]FTiOH TYPE '4¢|I..
SYMBOL GEN'L | NREC. | ESTD
ciass | ciass | conr
0 - Q=
OL SILT: eorganic, medium to dark
brown ;
i 20 Vs -
ML SILT: little sand, occasional
pebbles to 3", medium brown
4 4.0 4 -
M
& — 6 —
ML-CL SILT: some clay, medium plastic, v
8 grey 8
10 3 =
1.0
TOTAL DEPTH 11.0'
12 H 12

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

: 113 5]
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SITE NO. EN 10

DETAILED DRILL HOLE LOG

HOLE NO. DH-3

DATE® JAN. 30, 1973 [LOGGED BY: [¥] PEMCAN O
PRILUNG METHODHR cowr—:illlglcmm O cnllgcgﬁ'fr?gi CJ OTHER:
BEFTH UNIEIED GE%E:E?TIDLEE SAMPLE| DEPTH
(LT GRAPH GROUP MTER]AL DESCR[PT[DN TYPE | {taas]
sempoL | SROUY GenL | mac. | esTo
CLASS | CLASS CONT
0 e 0
el oL SILT: organic, dark brown v M
Bt
[.5
2 — .
SILT: little sand, low plastic,
medium brown to grey
4 ML Vs H .-
6 — & o
o EEEES
some sand, light brown from 7.0"
8 - g
Iﬂ | ._I ¥ !O'D ]G -1
s
%ﬂgnﬁ‘}fﬂ GRAVEL: some sand, little silt,
12 dﬁg.gﬁ.__‘? GM-GP medium brawn 5 " 12
oty e
..%du%?t[
T 13.0 — o
14 — 14 —
ML SILT: little sand, blue grey Vs
16 I5.0 14 —
TOTAL DEPTH 14.0'
18 18 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

i
| PEMCAN SERVICES "“72"
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SITE NO. FN 11X

Located approximately 7 miles north of Fort Norman, Site FN 11X consists of the
steep east bank of the Great Bear River and is comprised of proglacial lake sediments.

Type of Material: Sand; fine grained, some silt

Estimated Volume: Net established

Assessment: Very poor quality material, suitable only for marginal,
low priority general fill. This site is not recommended

for development.

=== Al| weather road
————— Existing trails and cutlines
sesnssasnens Proposed Gas Pipeline

© DH  Drill Hole

sssevesnenes Required access

remme——5ite: |imit

»————-Proposed Mackenzie Highway
TP  Test Pit

Airphoto No. A22934/79

Approximate scale: 1" = 3, 000
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PEMCAN SERVICES

ENVIRONMENT

Site FN 11X is located on the east bank of the Great Bear River approximately

7 miles north of Fort Norman. The area investigated consists, primarily, of the steep
river bank and encompasses an area 3000 feet in length by 2000 feet in width, altheugh
similar type material appears to extend extensively over adjacent terrain. The site
area is situated in an ancient proglacial lake basin and material generally consists of

fine lacustrine silty sands. The surficial layer of the terrain appears to have been
reworked by wind action.

The adjacent terrain is relatively flat and generally wet muskeg with numerous

small lokes. The crown of the Great Bear River bank is incised with numerous erosional
gullies and the river bank slopes are characterized by minor slumps and one major
slide. The presence of these minor land movements, generally, indicates active ground
water seepage in the proglacial lake sand deposits.

The site area is covered with a shallow layer of topsoil, approximately & inches in
depth, and supports growths of spruce trees ranging in height to 30 feet.

There are no known critical wildlife areas in the immediate vicinity of the site.

There is no existing land access to this site area. The nearest seismic cutline is
located approximately 1 mile south of Site FN 11X.

DEVELOPMENT

Site FN 11X is not recommended for development because the fine sand available at
this site is only suitable for very marginal general fill requirements. Moreover, sources
of similar quality exist at the northeastern outskirt of the fownsite. In addition, the
lack of existing access roads and the surrounding muskeg terrain has isolated this site
from the Fert Norman community.
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DETAILED TEST PIT LOG

FN 11X/TP 1
= 0.0
P
(SP)
T 2l
1 (sP)
2
£k
=
15.0

Topsoil; some sand, organic, brown

Sand; little silt, fine to medium grained
light brown, roots

r

Sand; trace of silt, fine to medium grained,
light grey, horizontally layered.
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN T1X/TP 1
Sample Depth (Feet): 10.0
Moisture Content (%): 1.3
Ice Content (%): 5
Organic Content (%): -
GRAIN SIZE DISTRIBUTION:
i Sand  Gi Siit S
Grovel Sizes Coarss ||_,|_!_¢|.gm rIiFil.nE cﬂﬂf‘l‘l'ﬂdlum r:i'n. Glay Sizes
| Selve Sizes
oohd ZH Tt 4r %3 8jp Wap mpR0%50 %50,
i 13 1 130 LB N D 1 (1
solec LT I T S O S0 Tt 0T
- _l k1 III..I =Hi __k | =| il !- :1
T[] A C 11N 145
~ e ! S % [ il N
70 : i B 1 i 5|: i
——----NI-LJI\ | i ~ 1T | : 1 ——
=50 ‘JL I H\. I i |
. N |
s I | = | o | P |
Eﬂ-ﬂ‘ : ! ! \_! *\'\ _Ij:!\
s e e 1| IS b T il |
s | f " H IFEE] =\| |
30 ! : Hae | 5
e —e P _1 i! Ao AT B : |
Zap = i 1 STy il |
| | ; _'\\ _. { —-—'I“I.J""f-‘LI j i I
e [ IEENIEEE RN a0 T*!"-u_ .!,
i LT T 1 1 8
[L+1s] o (H] o o0l 0-001 0-000)
Grain  Sire — Millimatras
Pl L LR FINE AGGREGATE
—————————— Particle size limits of frost susceptible maoterigls

PETROGRAPHIC ANALYSIS:
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SITE NO, FN 12X

Located approximately 6 miles north of Fort Norman on the east bank of Great Bear

River opposite the confluence of Brackett River, Site FN 12X consists of Tertiary sands
and gravels overlain by layers of glaciclacustrine sand and silt.

Type of Material; Sands and Gravels; medium to coarse grained.
Estimated Volume: Not established.
Assessment: This site is nof recommended for development because of

excessive depths of overburden and very difficult access.

LEGEND
—— === Al| weather road sseree-ceeeo Required access
————— Existing trails and cutlines  -=——+——:Site limit
ssssscsernss Proposed Gas Pipeline » o e e = Proposed Mackenzie Highway
@ DH  Drill Hole & TP Test Pit
Airphoto No. A22934/79 Approximate scale: 1" = 3,000
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PEMCAN SERVICES

ENVIRONMENT

Site FN 12X is located on the east bank of the Great Bear River opposite the mouth of
the Brackett River, approximately 6 miles north of Fort Norman . The geological setting
of this site consists of glaciolacustrine deposits overlying possible major deposifs of
Tertiary sands and gravels. The exposure examined during the initial field reconnaissance
consisted of the steep eastern bank of the Great Bear River. Visual observations indicate
that o layer of silty sand overburden in excess of 40 feet overlies g 50 to 60 foot thick
stratum of stratified Tertiary sands and gravels.

It is considered that this exposure of Tertiary materials may be the northern extension
of similar type granular material encountered at Site FN 8, eost of Fort Norman.

The adjacent terrain on top of the high river bank is relatively flat and supports relatively
dense growths of spruce and birch trees. The presence of birch and the absence of small
ponds in the immediate vicinity of the site may indicate o well drained terrain.

There are no known critical wildlife areas in the immediate vicinity of the site.

The exposure examined at Site FN 12X is very remotely situated. The nearest access
consists of a seismic cutline located approximately 1 mile south of the riverbank EXposure .

DEVELOPMENT

Site FN 12X is not recommended for development because of the excessive depths of over-
burden overlying the Tertiary sands and gravels and the very difficult access to the site
area. On the basis of drill hole information from Site FN 8, it is considered that the
silty sand overburden depth maybe in excess of 40 feet.
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SITE NO. FN 13

Located approximately 5 miles northeast of Fort Norman on the southeast bank of
Great Bear River, Site FN 13 consists of a crescent shaped river terrace at the mouth
of a major erosional gully.

Type of Material:  Sand; very silty with pockets of gravel .

Estimated Volume: 1,000,000 cubig yards.

Assessment: This site is not currently recommended for development because
of the low quality of granular materials and the difficult aecess
to the site.

o e e Al | weather road sewsssvvesess Raquired access
————— Existing trails ond cutlines  -——+——Site limit
resnanasasns Proposed Gas Pipeline +————-=Proposed Mackenzie Highway
@ DH  Drill Hole & TP Test Pit
Airphoto No. A22934/160 Approximate scale: 1" = E,GEJU"
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PEMCAN SERVICES

ENVIRONMENT

Site FN 13 is located approximately 5 miles northeast of Fort Norman on the southeast
bank of the Great Bear River. The site consists of o crescent shaped river terrace af
the mouth of @ major erosional gully. The top of the terrace is approximately 30 feet

above the river level. Site FN 13 encompasses an area 5000 feet in length by 1000 to
2000 feet in width.

The material within the terrace consists primarily of silty sand with pockets or layers of
gravels at depths. The general configuration of the eastern river bank is indicative that
some granular material may be buried beneath the relatively thick surficial layer of
alluvial silts and sands.

The general drainage of the site area is in a westerly direction into the Great Bear

River. Relatively sparse growths of dwarfed spruce and occasional birch trees were noted
on Site FN 13.

There are no known critical wildlife areas in the immediate vicinity of the site. However,
the site is opposite and slightly downstream from the mouth of the Brackett River which is
reported to contain spawning beds that are utilized by grayling.

An existing seismic cutline from Fort Norman, traversing a distance of 7 miles, provides
cccess to the southern periphery of the site area. The access, however, traverses poorly
drained terrain with frequent thermokarst features. Any construction activity and especially
the removal of the vegetation cover will disturb the thermal conditions of the subgrade
resulting in localized erosional processes. The proposed routes of the gas pipeline and the
Mackenzie Highway pass immediately south of Site FN 13.

DEVELOPMENT

The data obtained from the winter drilling program denoted the following sub=surface
conditions at Site FN 13.

- The deposition of granular materials occur in relatively isolated and scattered pockets
and consist of poorly graded, medium grained gravels.

-  These gravel pockets are overlain with considerable depth of overburden, generally,
in excess of 10 feet. The overburden consists of very fine grained, poorly graded sands
which may be suitable for very marginal general fill requirements. The silt content of
the fine sands increase with on increase in distance from the east bank of Great Bear
River. The fine grained sands with o varying silt content are considered to be frost
susceptible material.

= The overburden soil and gravel pockets exhibit moderate ground ice content and were
frozen to depths drilled during the winter field program.

Site FN 13 is not recommended for development for the following reasons:
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PEMCAN SERVICES

- Thesite is generally quite remctely situated relative to Fort Norman and any develop-
ment of this site will necessitate the upgrading of existing seismic cutlines for access.
This, in turn, may adversely affect stability conditions of the thermally sensitive
terrain.

= The alluvial overburden is relatively thick in excess of 10 feet, and may negate the
economical exploitation of this site for granular materials. The fine grained sand
overburden may be utilized for very marginal general fill requirements.

- The recoverable granular material consists of poorly graded gravels which are suitable
for general pit run fill requirements. These pockets of gravel are quite isolated and
scattered and may result in considerable terrain disturbance during foraging and
exploiting operations.

However, in view of the proposed gas pipeline and new Mackenzie Highway routes, this
site may be considered for providing granular materials for the construction of embankment
fill of such utilities. |f the site is developed, then an ossessment of development procedures
coupled with environmentally acceptable restoration guidelines should be established in
conjunction with land use regulations that are in effect at that time.
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DETAILED DRILL HOLE LOG

SITE NO. FN 13

. HOLE NO. DH-]
DATE: peg, 2, 1973  [LOGGED BY: (3 PEMCAN 0
DRILLI : ERSE
LHING METHOP: & convenfionar O AREENTSE, O orwer:
_ e GROUND __ICE
(row) | Srars | CUCED MATERIAL DESCRIPTION =L JSAMRE | peern
= STMBOL ELass | class conT
= 0 _
; oL TOPSOIL: little silt, organie,
+g _\ﬁbmus, dark brown / Vs M
= 2
SAND: little silt, trace cla
SM- ’ L
M=ap fine grained, poorly graded, 21 Vx W
4 grey 4
6 = ‘-\ 6 —
M.CHl
G5
. i
8 -
10 boulders at 10,5 10 —
0.5
TOTAL DEPTH 10.5
12 13

GOVERNMENT OF CANADA

DEFPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

PEMCAN SERVICES "72"
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SITE NO. EN 13

DETAILED DRILL HOLE LOG

HOLE NO. DH-la

DATE: FEB. 2, 1973 LOGGED BY: X PEMCAN S|
DRILLI : AlR
HING METHOD: K] convenTionar [ &lnctins on [ OTHER:
errn i cROUND " CE [
(o) | Stam | MATERIAL DESCRIPTION W DR e 7 Tt
5YMBOL CiAss cLass | cony
0 - g =
OL TOPSOIL: little silt, organic, Vs
fibrous, dark brown
1o 1 —
SM-SP SAND: little silt, fine grained,
poorly graded, grey Vx | M
2?2 -
3 =
4 —
5 e
& =
T.0 7
TOTAL DEPTH 7.0
g Mote: Refusal on boulders at
= 7.0": relocated to DH-1k 8
9 — v
10 4 10

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND MNORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

PEMCAN SERVICES "72"

13=5



DETAILED DRILL HOLE LOG

SITE NO. FN 13 HOLE NO. DH-1h
DATE: ppg, 2, 1973 |LOGGED BY: B PEMCAN O
RILLI -
DRILLING. METHOB 5 - vesirionss O PR ATVERSE ] oTHER:
BEPTH wR GROUMND ICE .
e | oxara | ST MATERIAL DESCRIPTION |
SYMBOL ?LE:{SE cri:srs E:s:rrw?
g
oL TOPSOIL: little silt, organic,
fibrous, dark brown
10 1
SAND: little silt, fine grained, Vx
SM-SP poorly graded, grey M
2
3
4 -
5
& =
7.0 7
TOTAL DEPTH 7.0¢
it Mote: Refusal on boulders at & 5
7.0': relocated to DH 1
g — g
10 10

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. FN 13

. . HOLE NO. pH-2
DATE! Fep. 2, 1973 |'OGGED BY' ) pEMCAN [
DRILLING METHOD: ® CDNvEﬁ'TRH:mM O CAlIRRCIEE:$$é#E\J [] OTHER: ==
DERTH UMIFIED G"c?:rihé?nollwgl" SAMPLE| BEFTH
|fawt) ;;i:;t GROUP MATER]AL DESCR]FT'DN TYPE [ELTIR
SYMBOL GEN'L | N.RE E5T'D
D CLASS | CLASS | CcOnT G
oL TOPSOIL: little silt, fibrous, v N
1.0 ™ dark brown ] =
2 9
4 4 -
1 SM-SP SAND: little silt, fine grained,
P ] poorly graded, grey Vi i o
Vs
8 g
10 =
M 10
——————— 1O ===-n=
12 SM-GM some gravel, little silt 12 —
13.0
14 — e ] 14
GRAVEL: some sand, troce silt, MC
GM-GP pebbles from 1" to 11" (limestone GS EJ
e & quartzites), subangular or sub- P
16 o rounded, poorly graded, occasion- 16 7
al cobbles, brown
18 180 T —
TOTAL DEPTH 18.0"
20 — 20 -

GOVERNMENT OF

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

CANADA

GRANULAR MATERIALS INVENTORY

! PEMCAN SERVICES “72"
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SITE NO. FN 13

DETAILED DRILL HOLE LOG

HOLE NO. DH-2a
DATE: rgg, 2, 1973 |LOGGED BY! [7) PEMCAN O
DRILLING: METHOD: g convenTionar [ c‘ﬁ'&ﬁfﬂ%ﬁ; [] OTHER:
DEPTH GE%I;IJND‘DT 'DI‘CE
= 1TION LE
thoar) | GEARN | P MATERIAL DESCRIPTION = —1Tvee | finer)
SYMBECL CLnss chl‘: 's’,:s Eétu?
0 O
OL TOPSOIL: trace silt, organic, Vs
10\ fibrous, dark grey s :
2 e
SAND: little silt, fine grained, M
4 i1 SM-SP poorly graded, grey Vi 4 —
6 £
8 g —
L 10 —
12 — 12—
14 14 -
16 — I&: =
18 1&
18.0
TOTAL DEPTH 12.0'
20 — 20

GOVERNMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

3
I PEMCAN SERVICES "72"
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SITE NO, FN 13

DETAILED DRILL HOLE LOG

HOLE NO. DH-3

DATE: ppp. 2, 1973 |LOGGED BY: [q) PEMCAN O
DRILLING METHOD! & - oyventionar 3 &IRREXERSE O orher:

GROUND

ICE

SAMPLE

TYPE

DEFTH
{Fout)

DEPTH |
(roer | SEARH |00 MATERIAL DESCRIPTION ST e
sYmaoL GEN'L | Nic, | EsTD
0 CLASS | cLAZS | cONT,
s OL TOPSOIL: some silt, organic, Y L
\ LG dark grey to black A
i -
ML-5M SILT & SAND: grey
& =
9 —
becoming greyish brown at 12.0" Wx i
12
15.0
SAND: little silt, fine grained,
g poorly graded, elean and well
sorted, sand loyers 0.5' to 1.0'
thick Vx |L-M
220

24 —

TOTAL DEPTH 22.0¢

0 i

12

15

18

21

24

GOVERMNMENT OF CAMADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERM DEVELOPMENT
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 13/ DH 1 FN 13/ DH 2
Sample Depth (Feet): 6.0 13.0
Moisture Content (5): 31.8 4.6

lce Content (%): - 2

Organic Content (%): = -

GRAIN SIZE DISTRIBUTION:

G Il 5§ Sgnd Sizes S Sizes
1ove e tuqr!;J#NFum]Flnt Eunrsql_!edlul‘thml Giny, Slrea
[ Solve Sizes
P I 5oL A o "s ®io "20 “s0"s0%00 %200
e IR I A N ] TTT
| ) l WY | 1l | HiR |
50 .Illl. | | g \ [ ‘."-'_‘ | : T T :
a0 SNH ! My N\e—DH-1 M ! NN 71
- L\ b ! — b Y | | | | | i
70 \ Y \ i i
i LY kS R T
= o i o -——T— -

60 A 4 ARA b L [T i
5 ] N\ LY . < iE
ul \ i LY il TE
. | I! L. | _\1}{ ] [

R DH-2 1 S N 5
= | I I_ | i | i 1 1
_ 1R = I [
=30 RN !

p e ! . H i tHHH

= | 1 _\I.
Sap ‘Hﬁ\ . _ '.J.j ! =
< L} e T ! | i_
| [ | i 'l .\‘"‘C‘h I f
PO [ = IS ] TS T
oI T IV T AN IR = |
a0 o o [+8} ool 00k o-oao!
Groin  Sire — Millimatraz
COARSE
AGGREGATE FINE AGGREGATE
N T Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS: (FN 13/ DH 2 ot 13.0")

Quartzite 47 .4%
laneous 20.7%
Chert 19.9%
Limestone & dolomite (sound) 6.8%

Deleterious shale, ironstone, porous
sandstone 5.3%
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SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample Sample Depth Moisture Content
Location (Ft.) (%)
FN 13/ DH 1 7.0 22.5
FN 13/ DH 2 14.0 6.1

FN 13/ DH 3 17.0 24.8

13-11




SITE NO. FN 14

Located epproximately & mile northeast of the Fort Norman townsite immediately
adjacent to the southern edge of the airstrip, Site FN 14 consists of an existing
borrow pit.

Type of Material: Sand; fine grained, some silt,

Estimated Volume: 300,000 cubic yards

Assessment: The quality of material is poor and only suitable for
miscellaneous backfill or marginal general fill requirements.
The material removed from this site should be restricted to
immediate local needs.

—==—==All weather road serrrasssra- Required access
————— Existing trails and cutlines  -——-——+Site limit
sesseennnnes Proposed Gas Pipeline + == —— = Proposed Mackenzie Highway
©DH  Drill Hele = TP Test Pit
Airphoto No. A22889/144 Approximate scale: 1" = 3, 000
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ENVIROMNMENT

Site FN 14 is located approximately & mile northeast of the Fort Narman townsite
immediately adjacent to the south side of the Fort Norman cirstrip. The site consists

of an existing borrow pit, eccasionally harvested to supply the domestic requirements

of the Fort Norman community. The site is located on a flat, slightly undulating glacial
lake basin. The surficial layer consisting of lake bed sediments has been reworked by wind
and wave action, resulting in horizontal stratification of maoterial in this stratum.

The granular material at Site FN 14 consists of fine grained sands with o trace of silt.
The material is only suitoble for low quality general fill requirements.

The organic topsoil and surficial silt layer is relatively shallow, averaging about 3 foot
in depth. The areo adjocent to the borrow pit supports spruce growth with scattered birch.

There are no known critical wildlife areas in the immediate vicinity of the site. The

proximity of the site to both the community of Fort Norman and the airstrip negates any
severe implications on wildlife.

An existing all weather road provides good access to the site area from the townsite of
Fort Norman.

DEVELOPMENT

Site FN 14, containing the existing borrow pit, can be operated in its current condition
to supply the immediate local requirements for marginal material for periodic backfill
and general fill. This site is not recommended as a patential source for any major
requirements for granular materials for the community area.

The following development guidelines should be considered during the extraction of material
from this site:

- The areal extent of the borrow pit should be compatible with current and
future regional town planning schemes.

- Recontouring of the borrow pit area should be maintained during the periodic
exploitation of materials from the pit to minimize detrimental erosional
effects and instability of exposed pit slopes.

- Standard, light excavating equipment such as overheod loaders, dozers or
backhoes can be utilized to remove the in situ material.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation guidelines should include the following:

= Final recontouring or backfilling of the pit area.
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Replacement and spreading of imported topsoil or recovered topsoil from
pre-production stockpiles on the recontoured borrow pit areas.

Revegetation of the restored borrow pit area.
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DETAILED TEST PIT LOG

FN 14/TP 1
FATE 0.0
f:‘ﬁ‘% (OL) 0.5 Topsoil ; some silt, organic

Silt; some sand, horizontally
(MH) stratified, infrequent cobbles
(erractics)

c
g
N
2
£ s s
(SP) Sand; trace silt, fine fo medium
grained, horizontally layered, grey
6.0
FN 14/TP 2
0.0
\ (ML) Silt; some sand, little organic,grey
—_ 1.0
(SM) ot Sand; some silt, fine grained, layered
o
Q
o
= Send; fine to medium grained, poorly
=3 (SP) graded, horizontally layered, grey
5.4
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SUMMARY OF LABORATORY TEST DATA

Sample Location:
Sample Depth (Feet):
Moisture Content (35):
Ilce Content (%):

Organic Content (%):

GRAIN SIZE DISTRIBUTION:

FN 14/TP 1
5.0

51

FN 14/7Tp 2

3.0-5.0

3.5
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l Selve Sizes
100 ER-SL L "4 "ip "o "0"s0"™oD %200
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| T I
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I | \\l.l_l* '11 \‘\ | |
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o [T [T IO *:T [ ] [1iT1 i
100 14 -0 Q-1 001 0-001 Q-00ol
Grain Sire — Millimatras
ﬁ.E%DHAEFE}SAETE FINE AGGREGATE
————————— Particle stze limits of frosl susceptible moteriols

PETROGRAPHIC ANALYSIS:
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SITE NO. FN 15X

Located opproximately 2z miles northwest of Fort Norman, Site FN 15X consists of
a group of partially eroded hummocks.

Type of Material: Silt; some sand, glacial till ot depth.

Estimated Veolume: Mot established.

Assessment: This site does not contain any appreciable amounts of granular
material; therefore, the site is not recommended for develop-
ment.

LEGEND

——=——=All weather road ssesennennes Required oceess
————— Existing trails and cutlines  -——+——-Site limit
sasassaeenns Proposed Gas Pipeline + = e = = Proposed Mackenzie Highway
@ DH  Drill Hele 4 TP  Test Pif _
Airphoto No. A22934/159 Approximate scale: 1" = 3,000
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ENVIROMNMENT

Site FN 15X is located aopproximately 24 miles northwest of Fort Norman on the higher
elevated flat terrain west of Great Bear River. The site consists of a group of partially
eroded hummocks possibly constituting the erosional remnants of an island in @ former
glacial lake. The site encompasses an area 3000 feet by 1500 feet.

The hummocks are comprised of morainal till which is a heterogeneous mixture of till,

sand and clay with scattered pebbles and cobbles topped with relatively wet sandy silt.
These silts are of a glaciolacustrine origin and their depth is indicated to be in excess of

5 feet. A shallow layer of topsoil, 5 to 9 inches in depth, supporting growths of spruce with
occasional birch, covers the site area

The site is located immediately adjacent to the existing winter road.

DEVELOPMENT

Site FN 15X consisting of sandy clay and morainal till is not recommended for development.
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DETAILED TEST PIT LOG

EN 15%/TP 1
el ﬂ-ﬂ
ad (oL
L el .8
_ (ML)
M
0
£ — 2.8
(ML)
3.5
FN 15X/TP 2
2 oD .
MDD o
,: (ML=5M)
M
0
§ — 30
(ML-SM)
I 5.0

Topsoil ; organic, black, roots

Silt; some clay and sond, brown

Silt; some clay and sand, low
plastic, damp, grey

Topsoil; organic, black, roots
Silt; some clay, trace of sand, brown

Silt; some sond, trace of clay,
brown, damp

Silt; some sand, frace of clay,
grey, damp
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SITE NO. FN 16

Located approximately 8 miles northeast of Fort Norman, Site FN 16 consists of a
group of eclian sond dunes.

Type of Material: ~ Sand; fine grained, trace of silt.

Estimoted Volume: 1,000,000 cubic yards.

Assessment: Poor quality material suitable only for general fill. Site FN 16
is not recommended for development at this time.

LEGEND
— = === All weather read sasasmpymLes Required access
————— Existing frails and cutlines  +——-——-Site limit
seesssnnanas Proposed Gaos Pipeline + == —— =« Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit ,
Airphoto No. A22934/77 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site FN 16 is located approximately 8 miles northeast of Fort Norman and consists of

a group of longitudinal sand dunes. The sand dunes range in length from a few hundred
feet to approximately 3000 feet and are generally consistent in width, averaging 200
to 300 feet at the base. In height, they rise 10 to 40 feet above the adjacent flat
terrain. The height of the dunes generally increase in a northeasterly direction.

The dunes, unfrozen to depths investigated, contain very fine, eolian sand with a
trace of silt.

The dune slopes are covered with a shallow layer of organic topsoil which supports birch
growth. The adjacent terrain is relatively flat and consists of @ wet muskeg terrain
supporting sparse growths of spruce and tamarack. Numerous lakes inundate the adjacent
muskeg terrain and the sand dunes represent the only well drained terrain features in the

vicinity of Site FN 16.

There are no known critical wildlife areas in the immediate vicinity of the site.

An existing seismic cutline, which traverses thermally sensitive terrain, is located along the
southern edge of the group of sand dunes.

DEVELOPMENT

Site FN 16 is not recommended for development at this time as a source of granular
materials for Fort Norman because material of similar quality is available in relatively
unlimited quantities at sites closer to the community and with better access.

However, if development of this site is anticipated ot a future date to supply the require-
ments in the construction of local utilities, the following development guidelines should
be considered:

- Vertical excavation epposed to horizontal excavation should be considered to
minimize the erosion of the exposed borrow area by wind and rain action.

- The shallow organic topsoil should be carefully stripped and steckpiled along
the [ower slopes of the dunes for future utilization in the restoration of the

borrow pit areas.

-  Vegetation buffer zones should be maintained between work areas te minimize
erosion and instability of the dune arecs.

- The clearing of existing tree and understory growth on the dune slopes should be
carried out in accordance with applicable Land Use guidelines.
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- The material should be adequately extracted with the use of standard excavation
equipment such os dozers, overhead loaders ond backhoes.

-  Transportation of the material by truck haul will inevitably entail a winter
operation because of the wet muskeg terrain.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation guidelines should include the following if Site FN 16
is exploited as o source of granular material at a future date:

= Recontouring of borrow pit area to maintain good drainage to the adjacent terrain.

- Replacement and spreading of organic topsoil from pre-production stockpiles on
to the recontoured pit areas.

- Revegetation of the restored borrow pit areas should be considered, especially

in areas where exposed and abandoned pits may be susceptible to rapid gullying
by water or blow outs by wind.
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DETAILED TEST PIT LOG

FN 16/TP 1
SO I (O] N 8{3] Topsoili organic, dark brown
] (SP) sand; frace of silt, fine groined,
brown, roots
e
_E
ﬁ (3
E (sp Sond; trace of silt, fine grained,
‘E ) brown.
=
5.0
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 18/TP 1
Sample Depth (Feet): 4.0-5.0
Moisture Content (95): 5.2

lce Content (%): -

Organic Content (%): 2

GRAIN SIZE DISTRIBUTION:

Grovel Sizes Sand Sizos HIT Sires 3
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B0 f L S 4 : o I |
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gy I i N=— vN
: HHH i) U Y
— &0 ! |
L o = | _1l‘|\=‘_'__ TIRE 11‘ 1
=P T~ [T ISd I
= - | 1 _L_lxr.. | |
O ] i ~!] TS |
_r 1I|_ -"."s. T
e = o ! ' i '-‘?'H.-.. |
"o MO T O BRIC _ =]
oL T L0 1 O K0 1.
100 1 o a0l om ool 0-000|
Grawm Siza — Milllmartras
Ag%ﬂHAEHGSlﬁ.E'rE FINE AGGREGATE
———m—m—————— Porticle size limits of trost susceptible materiols

PETROGRAPHIC ANALYSIS:
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SITE NO. FN 17X

Located approximately 9 miles north of Fort Norman, Site FN 17X consists of an
elevated glaciofluvial plain.

Type of Material: Silt; some sand, wet. (Glacial Till at depth)

Estimated Volume:  Net applicable.

Assessment: The material encountered af this site is a fine grained soil
and does not constitute a possible source for granular materials.
Therefore, this site is not recommended for development.

LEGEND

=== Al| weather road sereeeseeeee- Required access
————— Existing trails and cutlines  -——-——-Site |imit
==exssssenrs Proposed Gas Pipeline »=———=Proposed Mackenzie Highway
@ DH  Drill Hole TP  Test Pit
Airphoto No. A22934/81 Approximate scale: 1" = 3, 000"
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ENVIRONMENT

Site FN 17X is located approximately 9 miles north of Fort Norman on o glaciofluvial
plain. The site encompasses an area 4 miles in length by 1 mile in width ond is better
drained because the site is slightly elevated relative to the adjacent ferrgin. An
unnamed creek which flows eastward into the Brackett River flanks the southern perimeter
of the site area.

The in place soil at Site FN 17X consists of soft, sandy silt overlying a glacial till
formation. A shallow organic topsoil layer, B to 10 inches in depth, overlies the entire
site area and supports a growth of spruce and birch. The understory growth consists of
moss and brush with occasional willow and alder on the lower portions of the site.

There are no known critical wildlife areas in the immediate vicinity of the site.

There is no existing access to this site. The nearest seismic cutline is situated approximately

13 miles south of the site.

DEVELOPMENT

Site FN 17X consists of wet, sandy silts and glacial till which cannot be classified as
granular materials. Therefore, Site FN 17X is not recommended for development.
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DETAILED TEST PIT LOG

FN 17X/TP 1
E DN
e (OL
ad  OY
&
5 (ML)
=
= e
(ML)
FN 17X/TP 2
ey o
M
o
£ (ML)

0.0
Topsoil; organic, black, roots

0.8
Silt; some clay, little sand, light
brown, saturated, very soft

2.5
Silt; some clay, little sand, grey,
saturated, very soft

3.5

0.0

5.3 Topsoil; organic, black, roots
Silt; some clay, little sand, light
brown, saturated, very soft

2.5
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SITE NO. FN 17X

DETAILED DRILL HOLE LOG

HOLE NO. DH-1

DATE® AN, 30, 1973

LOGGED BY: ® PEMCAN ]

DRILLING METHOD: X

AIR REVERSE

AlR
convenTional U Cilrcuration [ OTHER:

DEPTH UMIFIED

T

J GR&APH

sympoL | GROUF

SYMBOL

0

14

MATERIAL DESCRIPTION

GROUMND

ICE

CONDITIONS

SAMPLE

GEN'L | M.R.C,
CLASS | CLASS

EST'D
CONT,

TYFE

DEFTH
[RTTTR

5 e
OL

S

ML

TOPSOIL: silt, organic, dark

kel __brown v

SILT: little sand, trace clay,
occasional pebbles 1" and cobbles,

grey
- boulders to 10" size at 5'

Vr

€.0

2.0

GRAVEL, SAND SILT MIXTURE:
frace clay pockets, massive,
subangular (occasionally sub-
rounded), limestone pebbles to
1", occasionally quartzites,

greyish brown
(Till)

Wi

MC

TOTAL DEPTH 12.0'

12 7

14 —

GOVERMNMENT OF CAMADA
DEPARTMENT OF INDIAN AFFAIRS
AND MORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SeERAviIces "72"
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SITE NO. FN 17 X

DETAILED DRILL HOLE LOG

HOLE NO. DH-2

DATE: jAN. 30, 1973

DRILLING METHOD: )

ATR ATR_REVERSE
convenTIONAL [ ElRcUiATIon [ OTHER:

DERTH UMNIFIED GE%LPL%:I‘TIDII‘{%E SAMPLE | DEPT
[fear) ;:‘ﬂ‘;g‘: GEOYE MATERIAL DESCRIPTION TYPE | [faer)
e GENL | nac. | st
s CLASS | CLASS | conT. =
q Ol TOPSOIL: silt, little organic,
10—~ dark brown e Vx
2 ML SILT: little sand, grey 2
30
S M-SP SAND, SILT, CLAY MIXTURE: M 4
trace gravel, subangular fragments v
of limestone (occasional granite) J
to 1", occasional cobbles, grey
(TILL) 6
M.C.
G5| 8
H.
10
1.0
TOTAL DEPTH 11.0'
124 12

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR

MATERIALS INVENTORY

I PEMCAN SEeERvVICES "72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 17X/ DH 1 FN 17X/ DH 2
Sample Depth (Feet): 7-9 7-9
Moisture Content (95): 14.7 15.8

Ice Content (%): =

Organic Content (%): 4.8 -

GRAIN SIZE DISTRIBUTION:

Graval Sizes Sond  Sizgs 510t Sizes
gaorse [Madium [Fine Cooree | Medium [ Fine Sy, Dl
| Selve Sizes
ol 2 b 3 s %ig " "0 ™s0™oo "zop
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50 LLL ] N | \Q\ | | A | 1 | 1T
| .“1 e TR [ [ BEE I ] | |
80— \ Ny —TDHz2N\! | ] I B
| \ \!‘ _\ I A T 1
Ta b ~DH-1 M ] ™ T i
'\\f, |\1 HL | ‘r‘ ! | HI
SRIER 2 B [ NI\ AN [T 1]
EEG ! ! T === R BN | b HEE]
5ol : ) NN Wl E
- i \'Q.F. = O Tl H.\_ i
E i | | e W R | EEE
c 40 | \ 19 :"-u..\ 1117 b T
30 i i SE LSS T
: ! ! o IR B, 1 11 N L
& ) B ¢ =[N ~U[TT
=R a 2 i T T
| T T 1 1 i —— 1 :
o . - - - IRk ,
| | I | 1 | | I __-"_|_—_ l: | | 1-"‘-1.____‘:-_ 'h.“- [ | .
DI ] i 1 P 11100 e [T 1 i e IURE] |
oo 10 o o o0l ooo! 00001
Grain  Size — Millimetras
AGGREGATE FINE AGGREGATE
—==—===———— Porticle size limits of frost suscepiible maoterials

PETROGRAPHIC ANALYSIS:

17-6



SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample Sample Depth Moisture Content
Location (Ft.) (%)
FN17/DH 1 ?.0 -10.0 ¥2:2
FN 17/ DH 2 9.0 - 10.0 15.0
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SITE NO. FN 18X

Located approximately 8 miles east of Fort Norman on the south bank of the
Mackenzie River, Site FN 18X consists of a river bar.

Type of Material:
Estimated Volume:

Assessment:

Silt; sandy with layers and pockets of sand.

Mot applicable.

Very poor quality material not suitable for granular fill

requirements; therefore, Site FN 18X is not recommended
for development.

IF
Aty

LEGEND
e Al weather road 000 eeeeeeees +++- Required access
————— Existing trails and cutlines  -——-——-Site limit
sesssnssanss Proposed Gaos Pipeline -———==:Proposed Mackenzie Highway
@ DH  Drill Hoele TP  Test Pit

Airphoto No. A22834/163 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site FN 18X is located approximately 8 miles east of Fort Norman on the south bank
of the Mackenzie River and consists of a sand and silt bar. The site encompasses
an area 5000 feet in length and 1500 feet in breadth.

The river bar consists primarily of sandy silts with layers and pockets of sand. The entire
site area is covered with a dense growth of spruce, birch and poplar. It is expected
that the island in the Mackenzie River and other similar river bars in the Fort Noerman
area contain similar material.

The northern perimeter of the site has direct access fo the Mackenzie River.

DEVELOPMENT

Site FN 18X is not recommended for development.
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SITE NO. FN 19

Located approximately 11 miles southwest of Fort MNorman, on the south bank of the
Mackenzie River, Site FN 19 consists of a large glacial outwash plain. The Little
Bear River has eroded its current active stream channel aleng the western periphery
of this site.

Type of Material: Gravel; medium to coarse grained, well graded.

Estimated Volume:  Unlimited for the current requirements of Fort Norman.

Assessment: The granular material is of excellent quality to meet the
requirements of all construction aggregates. Site FN 19
should be considered as a major and primary source of granular
materials for the community of Fort Nerman, and is recommended
for development.

o e v v Al | weather road sresvsvseeeos Required access

————— Existing trails and cutlines  -=——+——-Site limit

sssessusases Proposed Gas Pipeline » = = = Proposed Mackenzie Highway
@ DH  Drill Hele TP Test Pit

Airphoto No. A22862/34 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site FN 19 is located approximately 11 miles southwest of Fort Norman on the south bank

of the Mackenzie River and consists of a large glacial outwash plain, several square miles
in area. The major portion of the glacial outwash plain is located immediately east of the
Little Bear River channel. The portion of the site which was examined during the field
reconnaissance consists of an erosional remnant of the glacial outwash plain located approx-
imately 2 miles upstream of the confluence of the Little Bear and Mackenzie Rivers. The

top of the glacial outwash plain is approximately 100 feet above the current water level of
Little Bear River.

The glacial outwash plain consists of medium to coarse grained, poor to well graded gravels.
The gravel exposure along the west bank of Little Bear River appears to be in excess of 50
feet thick. A thin veneer of organic topsoil, 6 inches in depth, underlain by a shallow
stratum of silty sands covers the centre site area. Dense growths of spruce and birch are
common ond attain heights in excess of 30 to 50 feet.

There are no known critical wildlife areas within the immediate vicinity of the site;
however, the site area is within the broad Flyway that is utilized for staging and in some
cases, molting, by various waterfowl during spring and fall migration (Figure 2).

Substantial quantities of potential spawning gravels are found within the channel of the
Little Bear River and it is reported that upstream movements of flathead chub occur in the
river in June.

The access to the site consists of the Mackenzie River relative to water transportation and
seismic cutlines along the edge of the glacial outwash plain flanking the eastern bank of

Little Bear River.

DEVELOPMENT

On the basis of field examination of the erosional remnant of the glacial outwash plain on
the west bank of the Little Bear River and careful airphoto studies, three exploratory test
holes were drilled on the western edge of the large glacial outwash plain along an existing
seismic cutline which parallels the Little Bear River. The information relative to qual ity
and quantity of granular materials available at Site FN 19 are outlined as follows:

= Granular materials of excellent quality consisting of medium grained, clean gravels
of varying grodation were encountfered.

=  These gravels are sound and competent and are considered suitable for utilization in
all types of construction requirements including "Pit Run" fill, base and surface course
aggregates and concrete aggregates.

= Depths of recoverable gravels are in excess of 20 feet and may be as deep as 50 feet

as indicated in the exposure examined on the west bank of the Little Bear River.
(ref. Stratigraphy Section A-A', page 19-5),
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The overburden depth consisting of fopsoil and silty sand varies from % to 3 feet.

It is considered that gravel quantities in excess of several hundred million cubic yards
are potentially available from the extensive glacial outwash plain in Site FN 19.

Therefore, Site FN 19 is considered fo be the major source of granular materials for the
community of Fort Norman. The following operational guidelines should be considered
during the development of this site for granular materials.

The development of borrow pit areas for the granular materials needs of Fort Norman

should be commenced af the extreme northern extremities of the site area in the vicinity
of drill hole DH-1.

The existing tree growth and related vegetation should be cleared and removed in
accordance with current land use guidelines.

The orgonic topsoil layer should be stripped, removed and stockpiled adjacent to the
borrow pit areas in designated lacations.

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain into the active Little Bear River channel .

A vegetation buffer zone of adequate height and breadth should be maintained between
the outer limits of the borrow pit and the east shoreline of the Little Bear River.

Stands of natural growth should be retained between pit areas in order to facilitate
regrowth through natural regeneration.

The use of dozers, overheod loaders and conventional ripping equipment should
adequately remove the material from this site. However, the extent of ground ice
at greater depths in this granular source may dictate the use of heavier equipment or
stoged pit development. The adverse effects of insitu ground ice is considered to be
quite minimal.

The production of quality surface course and concrete aggregate material is anticipated.
The production of higher quality aggregates will dictate the need of screening or crushing
plants to ensure aggregate properties for specified construction requirements.

Additional laboratory tests to evaluate specific physical and chemical properties of
the granular materials will be required, if the material is to be considered for the
production of concrete oggregates. In addition, o washing operation moy be required
to reduce the silt content to within acceptable limits for fine concrete aggregates.

In view of the need of utilizing the Mackenzie River channel as a primary access by

water during the summer months or as o frozen access road during the winter months,
stockpiling facilities for various grades of oggregates should be considerad.

1971



&
P PEMCAN SERVICES

- The construction of an all weather access road from the northern extremities of the site
area to the south shoreline of the Mackenzie River should be considered to provide year
round access fo the borrow pit areas.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include the following:

= Recontouring of abandoned pit areas to provide general drainage that is compatible
with the natural drainoge of the adjacent terrain.

= Replacing stockpiled surficial waste material and organic topsoil on the abandoned
and reconfoured pit areas.

= Revegetation of the recontoured areas should be considered, especially in potential

erosion cases where the ortificial reseeding of annuals and perennials will result
in a semi-permanent cover growth prior to reestablishment by native species.
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SECTION A-A

NOT TO SCALE

3 Ibpsall - 0.5 Ft
7174 Silt, send with pebbles ond
=0 cobbles, occosional roats - ZFr

Somple A - 10

Gravel

L Sample B

INACTIVE SLIDE
[mastly gravel]

Little Bear Grovel bar

River =
/ - SN et

Description of the Exposure

0.0-0.5 (OL) Topsoil; organic

0.5-2.0 (ML)-(SM) Silt; some sand with pebbles and cobbles,

occasional roots

2.0-30.0 (GW) Grovel; some sand, pebbles, rounded,
predominantly to 3 inches in diameter, in-
frequent boulders and coal fragments, dry,
greyish
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SITE NO. FN 19

DETAILED DRILL HOLE LOG

HOLE NO. pH-1

DATE: JAN. 31, 1973 |LOGGED BY: ® PEMCAN ]
: A
PRILUNG METHOD: [ conventionar X1 &ncbiitian [ oTher:
DEPTH UNIFIED GEELI\II%EI,TIGII'«I%E SAMPLE | DEPTH
(faur) | GRAPH GROUP MATERIAL DESCRIPTION TYPE | (¢
sYmBoL GENL | N.RC. | £5T'D i
SYMBOL
CLASS | CLASS | CONT.
0 —
oL TOPSOIL: some silt, little v
Lo ™_ organic, dark brown . -
Ml 2.0 SILT: ftrace sand, greyish 2 =
_\bmwn /‘
SM-5P SAND AND SILT: trace clay and Vx M M.C.T]
gravel, occasional subrounded ':’5';' 4 —
65 pebbles and cobbles, fine =
' _\gmined, poorly graded, brnwn/_
& =
GRAVEL: trace sand, medium W
Gp grained, poorly graded, predomin - Ve 8 _
antly chert and quartzites, few M=H
granite and dark coloured igneous
pebbles, maximum 2"
Me [P
G5
MC.l 12 S
Ga.
Vi P
Ve [M-H 14
16 —
18
200—" TOTAL DEPTH 20.0' N\ 20
GOVERNMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS

AMND MNORTHEERN

DEVELOFPMENT B
GRANULAR MATERIALS INVENTORY BEMGAN

SERVICES 72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 19

HOLE NO. DH-2

DATE: JAN. 31, 1973 [LOGGED BY: 3] pEMCAN O
DRILLING: METHODA ) CDNVEﬁITﬂIDMAL X CA|II§CSEI$FI!€}E€ [J OTHER:
DEFTH UMIFIED GEELHI;B?TIDLCSE SAMPLE | DEPTH
theat), | GRAFH | e ip MATERIAL DESCRIPTION TYPE | [teut)
SYMBOL SYMBOL GEN'L MRC EST'D
CLASS | CLASS CONT,
oL TOPSOIL: some silt, organic,
roots, dark brown /
Q.5
2 = 5
ML SILT: little sand, light brown Vs
3.0
'_'v_-_'-': { GP GRAVEL: trace sand, medium
0o grained, poorly graded, rounded
T or subangular pebbles from 1/16" & =
o e to 3", predominantly chert,
c quartzites, few igneous and lime-
; stone, grey i 5
), 2R Wi
e 10 -
P M.C:
12 '5 G.S.Vl 12 -
Al s -
SRR
0
14 502 o
e GS3
D'ﬁ"r“:r:-.'ﬂ.f‘ |5'|:|
TOTAL DEPTH 15.0'
16 = 15 =

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AMD NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES 72"




SITE NO. FN 19

DETAILED DRILL HOLE LOG

HOLE NO. DH-3

DATE: JAN 31, 1973 [LOGGED BY: [ PEMCAN 3
H AlR o
PRILLING:METHODEE). - opvetimioniaL D) ClRcGEATION ] OTHER:
L) e s
fress)’ | SRARR | pnis MATERIAL DESCRIPTION TYPE | (reer)
STMBOL GENL | NRC. | EsTiD Hasr)
SYMBOL
CLASS | CLASS | cowr,
0 AR n =
[\ oL TOPSOIL: some silt, little Vs
| 05 oraanic, roots, dark brown
=08 ML SILT: little sand, light brown \fo 2 -
B 5
Ty 1.5
GP GRAVEL: little sand, coarse
Fﬁﬁ“*{]‘ grained, clean, poorly graded, 4
ShEas subrounded and rounded pebbles
504 13" maximum size, dominantly
E chert; few quartzites, granites M &
r.' and carbonates 2 Vi M.C.
GS.
708 B 5
S :
=h=h
1o F i 0 -
aﬁ,_—,ti'g
Bk
SNEeIpe
12 —phrer 12 —
s
Do
F0.%20)
14 _jﬂ%"ﬁg 14 —
Juﬂ [‘:IID-
||':-’Ee-“I f—I’c GS
:':.1-_'-;'59 =
W b —
16 %%g%aé 16
ks
DS e M.C
]B D'Q‘J;D D{- IEO ks ]a Ml
ML SILT: some clay and sand, little GF
gravel, fine grained, wet, brown |UF
20 200~ TOTAL DEPTH 20.0 N\ 20 —
GOVERNMENT OF CANADA

DEPARTMENT OF INDIAMN AFFAIRS

AND NORTHE

EN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 19 (A) FN 19 (B)
Sample Depth (Feet): 10 -
Moisture Content (%): 6.8 -
Ilce Content (%): - -
Organic Content (%): = a

GRAIN SIZE DISTRIBUTION:

Gravel Sirs Sond  Sizes St Sizen -
2 Coarss I!Ld[;lm IFIM! Gograe | Medium [ Fine Glay “Slyes
| Selye Sizes
gl s "0 %ag %5 ":0%oo *zoo
O N T ST i L
ool INITT | ~ 1 [
[ "y i, ]
] ] Y |
BO by LBES
~ Y] I |
70 " . A |
N i X I T
&0 EELS ke RN IHITE il
< , \__A] <] ST T
S50 A b X T I =i
i [ e B | i ]
. T — -
= | \ | \ | ~ ] Tl |
i ¥ ™
| L' | = b | o
‘E!-D "\P‘"{Bh -‘-\ 1 ] | L |
B |, ~ | ]
EED — ) HITT ] | =
| = i [ Bl L1 | ==
(o | j . | \I | e
| 1 : | Wil L il: .:-h-\_'h-. |
5 | | OULI T T 1o | LT T HUTETd
([=]+] 1s] 1o Q-1 fallall o-00l o-0001
Grain  Sire — Milllmetres
AR FINE AGGREGATE
- o e s Particle size limits of frost susceptible moterials
FETROGRAPHIC AMNALYSIS:
Quartzites 45.9 % Ignecus material 6.4 %
Cherts 30,2 % Coal fragments - troce

Limestone & dolomite 2.5 %
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 19/ DH 1 FN 19/ DH 1 FN 19/ DH 2
Sample Depth (Feet): 10 11-14 11
Moisture Content (%): 10.9 5.6 1.9

lce Content (%): = -

Organic Content (%): - -

GRAIN SIZE DISTRIBUTION:

Grovel Sizss Sond  Sires 5ilt Sizes
Coorse |Madium [Fing Cogree | Medium | Fine L
Salve Slzas
N S vl 2 " A ®a "o %3 "0%p%oo 00
1 L ] l!.l.-- I\h l- I H'\ ] EI ] !
solllLiL PN NN | ST TS ' ] Il
AN "y 10 |
8a R \\ o |
I"II\ ‘%{——-D H-1 \1‘ LY ]
0 i’ M, : N 1 :
Ill\l i} Il!ill:ll'l. \\_ L “.
N A ]|
=°° U \F-DH-7 N [
:ﬁﬂ ! \L { ‘ | | 1
k DH-T—) | S | AN
Ea0 1. [\ ! ™~ AR
: 1I. l | e | |
T ! A I I i
= -
= \l ‘ e \\ I
n"EO : 1";\ \ AN S [ 1 U |
— N\ i i H
| | N\ | | | I ‘h"!\r | ]
et 10 A S R I T F=_TT
110 1 e L T L] 1T
e {1+ o o1 ool o-ool a-000|
Gramm  Size — Millimatras
COoA
A e FINE AGGREGATE
e e e Particle size limits of frost susceptible moteriols

PETROGRAPHIC ANALYSIS: (1) (FN19/DH1@ 11'-14"  (2) FN19/DH 2@ 11.0

Cherts 58.13% 52.48%
Guartzites 356.95% 47 .51%
lgneous 4,92%
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN19/DH 1 FN19/DH 1 FN 19/ DH 3
Sample Depth (Feet): 3.0 4.0 18.0
Moisture Content (9): 20,8 15:9 22.2

lce Content (9): - - -
Organic Content (%): 4.5 - -

GRAIN SIZE DISTRIBUTION:

Grovel Sires Sgnd _Sires St Sires x
Coarae |Madium [Fine Gogras| Mediem | Fine e T =
Seive Sires
wol2-ZW d~ 4 %2 %10 %20 %0%0%00 *s00
\1‘- "-‘--‘-:T\“ { ‘..k' | r | ] B [ HiE J
50 s L SJUTETD DR T ST | T
i l. | | = \ e
{ | \.‘ B ] A DHAR T | L)
70— | LI LR 1
- ' | 5 A ST 1] [
60 — ‘ ' A MR TS | I |
5 ' | | sl AL T ~JI] ! =
Fso - | | N e rHDHATS, M | I
o | 5 | | ~ A 3 S |
- T = 1 =S|
Zan | | I'l\.l | e |
frs | 1‘{\.“‘ ] ...Ik \\\ i:
= 1} My
230 ' T R RS
Sag I NN B 2
1l | [T | L]
o : ' | !"'_\.: l""-:-.. L | |
= ___I | £10 111 =_ 1! =
& | 1 | | 1 | =l
[{a]t] o -0 a1 o-0l o-00l o-oool
Groin  Size — Millimatres
hEEGOHAERGEAETE FINE AGGREGATE
—————————— Porticle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 19/DH 2 FN19/DH 3 FN 19/ DH 2
Sample Depth (Feet): 14 &-B 14-17
Moisture Content (%): - 2.0 -
Ice Content (%): = . o
Qrganic Content (%): - - =
GRAIN SIZE DISTRIBUTION:
izez Sen I izey
Lok 3 Coarae nir:-ﬁlufnblgr-‘!inl cun::TMcdiu:TFine wloy. Jiras
| Salve Sizes
L 4 "0 "2 %up"spMop™:
oq i T IS T ST T
P, AN w1l | $T 1T i
LY N +DH-[3 N | Y 1T
i s O T Y 5 I KN I -
\v"{\_l '\\ \\ | I N TN |
My ! 1]
TO \ ?\ | '\'L. % ] T
50 RS —DHET TN Lt I T
r AV LN ST
- \ k | s 111
..ED Ji_... \l‘. R | ™ | [TT1
= ' [ ™ [l |
s AV 1 3 HEEE
A DH42—"\ A ~ EEEL
] \\ T~ T 1=
2ap Far) ! ol ]| “h
: N . 2SI
| | | | Pl |
Ym0 MO N E IR T
ol . L1 T e——— | | | T f
oo 10 o ol ool o001 o-000!
Gramn Siza — Milllmatras
TR FINE AGGREGATE
====———=—=—= Particle size limits of fros! susceptible materigis

PETROGRAPHIC ANALYSIS: (FN19/DH 3 @ 14'-17")

Chert 66,8%
Gluartzites 15.3%
Igneous 13.2%
Carbonates 4.0%
Deleterious 0.7%
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SITE NO, FN 20X

Located approximately 101 miles west of Fort Norman at the confluence of the
Mackenzie and Little Bear Rivers, Site FN 20X consists of an elevated river terrace.

Type of Material: Stratified silts and sands with pockets of gravel
Estimated Volume: Mot established
Assessment: This site is not recommended for development becouse of

its difficult and excessive distance from the community,

low quality of recoverable material and better material avail-
ability at other sites.

LEGEND

=== Al| weather road sereerereneer Required access
————— Existing trails and cutlines  -———+=——-5ite limit
sssssscssees Proposed Gas Pipeline + = —— — = Proposed Mackenzie Highway
@ DH Drill Hele TP Test Pit
Airphoto No. A22862/33 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIROMNMENT

Site FN 20X is located approximately 104 miles west of Fort Norman ot the confluence
of the Little Bear and Mackenzie Rivers, on the west bank of Little Bear River. The

site consists of an elevated river terrace and encompasses an area approximately one mile
in length h}ri mile in width.

The terrace deposits consist of horizontally stratified silts and sands with isolated pockets
and seams of gravel. The general surficial drainage of the site area is north into the

Mackenzie River. The shallow organic topsoil stratum supports sparse growths of spruce
and birch.

The site is within the broad flyway that is utilized by waterfowl during spring and fall
migrations.

The primary access to this site is by water along the Mackenzie River. An existing
seismic cutline flanks the eastern extremity of the site area which parallels the western
bank of Little Bear River.

DEVELOPMENT

Site FN 20X is not recommended for development for the following reasons:
- The river terrace is located at the confluence of the Mackenzie and LitHle Bear
Rivers and would be more sensitive to environmental disturbance by borrow pit

operations than similar deposits located further upstream on the Little Bear River, -

- The long haul distance from Fort Norman and the relatively poor quality of
recoverable material does not justify the exploitation of this site.

- Granular materials of better quality for construction materials is available in
relatively unlimited quantities in the glacial outwash plain deposits at Site FN 19,
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Topsonl - 2

Little Bear

SECTION A-A' e

\‘-_
NOT TO SCALE T~
Description of the Exposure
0.0-2.0 (CL) Topsoil ; organic, silty

2.0=-12.0 (ML)-(5M) Silt; some sand, stratified with silty sand
layers and lenses

12.0 - 15.0 (GW) Gravel; some sand, well graded, scattered
cobbles, grey

15.0-22.0 (GW) Gravel; some sand, well graded, medium

fo coarse grained, scattered cobbles and
boulders, grey

20-3



SUMMARY OF LABORATORY TEST DATA

Sample Location:

FN 20X (Exposure)

Sample Depth (Feet): 6-8
Moisture Content (%): T2
lce Content (%): =
Organic Content (%): -
GRAIN SIZE DISTRIBUTION:
i Send Sires Sl Sizes
BraNal Gy Goarse |Mu|ﬂum [Fins Cogree | Medium | Fing e
| Suive Sizes
ook mAdn g %s Mg Wan N B ®inn %onp
il | T S 0 T T ] |
st I il l 1 I | |
B b ' j
BO ol > |
_‘\ = = 1 ] T |
| | ‘\ | o |
e | =‘|'|. \'L \""- L] I
e | [ | '::.i | My !'l |
s | 1'& | 5 | ST |
2 ERE S . §is T
50 T r *
- | ‘L\ | ! [ 11 oM IIEREE]
& | T [ %] Pt | 1
= M | Y | | |
ce0 | Y R i o 1
- TN - N N
£ %0 | Y ' N A B R NI
P b e 1 B
i o T
o kS = : | I | H‘Ihhl- |
T T [ LT [T SRR
| L1 i1 [ 1 ] [T | |
[lolv] (1] (8=} 00 o-o0l o-oaol
Gram  Size — Millimairan
Mookt A FINE AGGREGATE
Farticle size limits of frost susceptible maoterials

PETROGRAPHIC ANALYSIS:

47.3 %
31.2 %

Quartzite
Chert and flint

Granite, pegmatite, rhyolite ete. 17.3 %
Limestone & dolomite 3.7 %
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SITE NO. FN 21X

Located approximately 10 miles southwest of Fort Norman, Site FN 21X consists
of alluvial deposits in the active floodplain of Little Bear River.

Type of Material: Gravel; coarse to medium grained, well graded, clean
Estimated Velume: Mot established
Assessment: Site FN 21X is not recommended for development because

much of the source is located in the active siream channel of
Little Bear River.

LEGEND
= v e = Al | weather road sxeessseveee Required access
————— Existing trails and cutlines  -——-——-5ite limit
sersnasseres Proposed Gas Pipeline s == ———-Proposed Mackenzie Highway
@ DH  Drill Hole 4-TP  Test Pit
Airphoto No. A22842/34 Approximate scale: 1" = 3, 000"



PEMCAN SERVICES

ENVIRONMENT

Site FN 21X is located approximately 10 to 11 miles southwest of Fort Normen and
consists of alluvial deposits within the active and meandering stream channel of Little
Bear River. The granular deposits are encountered in numerous exposed gravel bars
and shallow river terraces on the active floodplain. This site extends upstream along
the Little Bear River for several miles, however, the area examined during the field
reconnaissance only encompassed the active alluvial floodplain area extending 3 miles
upstream from the mouth of Little Bear River.

The granular materials in the exposed river bars consist of coarse to medium grained,
clean, well graded gravels. A very shallow layer of organic topsoil mantles the
elevated floodplain of the Little Bear River and supports sparse growths of spruce, birch
and occasional poplar.

The Little Bear River contains extensive areas of potential fish spawning gravel in this
section of the stream; also, it is reported that flathead chub migrate up the river during
June,

The only existing access to this site consists of the Mackenzie River and Little Bear
River channels. No seismic cutlines nor other trails were noted in the site arega.

DEVELOPMENT

Site FN 21X is not recommended for development for the following reasons:

- The site is located in the active flood plain of Little Bear River, therefore, most
granular material deposits are located below the high water level of the river.,

- Granular materials of similar quality can be secured from other sites in the Study
Area where the surrounding environmental setting is less severe.

- The access to the site is very difficult and also involves a relatively long haul
by water transportation to the community of Fort Norman.
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SITE NO, FN 22

Located approximately 7 miles northwest of Fort Norman near the northeast base of
Bear Rock, Site FN 22 consists of a small outwash remnant.,

Type of Material: Sand; some gravel and silt
Estimated Volume; 100,000 eubic yards
Assessment: This site is not currently recommended to supply the granular

materials requirements for Fort Norman; however, this site
could be utilized as o source of general fill materials in
the construction of local utilities.

LEGEND
v e o = Al weather road seeeesnsecees Required access
————— Existing trails and cutlines  -——-——-Site limit
sasssxsaness Proposed Gas Pipeline » e e = = Proposed Mackenzie Highway
@ DH Drill Hole TP  Test Pit

Airphoto No. A22934/157 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIRONMENT

Site FN 22 is located approximately 7 miles northwest of Fort Norman and consists
of a small outwash remnant near the northeast base of Bear Rock. The site is approx-
imately 3000 feet by 1000 feet in area and the adjacent terrain is generally flat.
Three small lakes border the site area on the north and southeast perimeters.

The granular materials encountered at Site FN 22 consist of gravelly sands with a

high silt content; minar till boadies may also be incorporated. The in situ soil is water saturated
at o depth of approximately 3 feet below ground surface and frost was encountered at a depth
of one foot in Test Pit 1, A shallow organic topsoil horizon, 4 to 8 inches in depth, overlies
the entire site area and supports sparse growths of spruce and birch. The understory growth

consists of moss, small plants and brush.
There are no known critical wildlife areas in the immediate vicinity of the site.
The existing access consists of the winter road which traverses the entire site area.

In addition, both the proposed gas pipeline and Machenzie Highway routes pass
immediately adjacent to this site.

DEVELOPMENT

Site FN 22 is not recommended for development because of the |ow quality of the
availeble material, limited quantity of recoverable material and the limited seasonal
access relative to the need for a river crossing ot Great Bear River. The recoverable
material is generally only suitable for general embankment or backfill requirements.

However, if Site FN 22 should be considered for development at a future date for
general fill requirements for proposed facilities in the immediate area of the source,

then the following guidelines should be considered:

- The existing vegetation ond erganic topsoil should be cleared and stripped
prior to borrow pit excavation.

- Buffer zones of vegetation should be retained between the working areas and
small lakes that border the site.

- The waste material should be stockpiled for easy recovery for future use in
restoration of the borrow pit arecs.

- Dozers, overhead loaders and backhoes should be edequate for the removal
of the in situ material above the permafrost horizon.
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PEMCAN SERVICES

ABANDONMENT AND REHABILITATION

Abandonment procedures should include the recontouring of the pit area by utilizing
the stockpiled waste materials. Rehabilitation might include reseeding clthough
existing cutlines in the area indicate that the understory growth and eventual

ly spruce
will be naturally reestablished.
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FN 22/TP 1

Unfrozen

1 (GM)

DETAILED TEST PIT LOG

— 3.5

4.4

Topsoil; organic, black, roots

Silt; little sand, trace of clay, light brown, saturated

Silt; little sand, trace of clay, frozen, ice crystals
and lenses

Topsoil; orgenic, black, roots

Gravel; some sand and silt, frequent cobbles
and boulders, wet, brown

Gravel; some sand and silt, frequent cobbles
and boulders, saturoted, pockets of sand with
pebbles to & inch.
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 22/TP 1 FN 22/TP 2
Sample Depth (Feet): 1.0 1.0=3.5
Moisture Content (%): 12.2 11.8
Ilce Content (%): - -
Organic Content (%): - -

GRAIN SIZE DISTRIBUTION:

Grovel Sirss | Sgnd  Sizes 5ilt Sizes
coarse |ggﬂm_l_Flnu Cograg| Medium [ Fine Glay Shza
I Safve Sizaes
ool 2 T A" 4 %3 %0 "0 "s0"sooo %200
I O 1 D Y. 1M IERE T T 1
% T AT 1 EEE B |
| I | e |
| =% = 1 .
80 | . ! ", A
| \:"'b. ! ?\l 111 | I
- i i NPT . . .
\‘.?:’ I | “‘ I | |
&0 , N : N HE
5 \"‘EEEI ™ : [ [
Fso | LM NITT T
... i § ﬁ"‘\.‘\ | \‘"\I | | .:\'\
b= | | | { | 1 1] ] T I
40 1 ! . . ™ ! ER RS
- | ] ! 1| e Ag ' TS
E!U { | { | | “‘H l! -‘!‘\ ] | b
o | | | ~ ~. N
= | | i - 1 <t ~
S2p0 ~ | |
B I _._} |:_" L | |
10 —m —— IAERRIL S N 1A R
b IHRRE ' ]l-.'_. IR 13 N TN |
1 T T T T [T HENE
oo o 10 ol o0 oo o-00o
Grain  Size — Millimatras =
COARSE
AGGREGATE FINE AGGREGATE
e i g i Particle size limits of frost susceptible moterials
PETROGRAPHIC AMALYSIS:
Igneous material 81.6 % Limestone & dolomite 6.7 %
Cluartzites 2.5 % Chert 1.5 %
Deleterious ironstone 0.5 %
Deleterious siltstone, shale ete. 6.5 9%
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SITE NO, FN 23

Located approximately 3 mile south of the centre of Fort Norman, Site FN 23 consists
of an exposed gravel bar or terrace on the north shore of the Mackenzie River.

Type of Material: Sand and Gravel; stratified, medium grained.
Estimated Volume: 3,000 cubic yards
Assessment: This site should only be utilized to provide the periodic,

domestic requirements for granular materials in the Fort
MNorman community.

LEGEND
———=—=Al| weather road sremenneeseos Required access
————— Existing trails and cutlines  -——+-——-S5ite limit
sssensnansss Proposed Gas Pipeline * o= wm == « Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit

Airphoto No. A22889/146 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIRONMENT

Site FN 23 is located approximately & mile south of the center of the existing Fort
Norman townsite, at the steep north bank of the Mackenzie River. The site consists
of a narrow bar or terrace, slightly elevated above the shoreline, with its surface at
or below the high water level of the Mackenzie River. Coarse alluvial deposits,
consisting of sands and gravels, are apparently limited to the upstream tip of the
terrace and fine grained silty and sandy sediments prevail in the remainder of the
deposit. The site encompasses an area approximately 500 feet long by 100 feet wide

and a borrow pit to supply the periodic community requirements for granular materials
is being currently operated.

The material ot Site FN 23 consists of medium grained stratified sond and gravels
with a trace of silt. The entire site is completely devoid of vegetation. The depth
of recoverable material is approximately 5 feet.

Although the site is within the broad waterfowl flywey as shown in Figure 2, the
proximity of the site to the community negates any severe environmental implications.

The site is only accessible during the low flow periods of the Mackenzie River. A

modest access road has been developed from the existing borrow pit area to the
community.

DEVELOPMENT

Site FN 23 is only recommended for exploitation to supply the periodic domestic
requirements for granular materials for Fort Norman. The following guidelines should
be considered in the removal of material from this site:

- The encroachment of the steep north bank of the Mackenzie River during the
removal of material should be controlled.

- The removal of material should be restricted below the high water level of the
river.
- The borrow pit area should be contoured during development and exploitation

to maintain surficial drainoge towards the river channel.

ABANDONMENT AND REHABILITATION

Abandenment and rehabilitation procedures that should be considered include:

- Borrow pit areas should be recontoured in @ manner that matches the configuration
of the adjacent beach areas.

- Abandoned pits should be breached so that restoration will naturally eccur during
high water flow.
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DETAILED TEST PIT LOG

FMN 23/TP 1
(®)8) 8'2 Topsoil; organic, roots
(SM) Sand; little silt, fine grained, brown
silt lenses
: e
i (GW) Gravel; some sand, coarse, damp,
9.9 brown
(SW) 2:6 gg;%;,ﬁbrﬂ:iﬁ“' fine to coarse grained,
A (GW) | Gravel; coarse sand, well graded, brown
cl
N E 4.0
ol
‘-IE i
g
'ffﬁ (GW) Gravel and Sand; greyish
10.0
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 23/TP 1
Sample Depth (Feet): 4.0-46.0
Moisture Content (%): 1.2
lce Content (%): -
Organic Content (%%): _

GRAIN SIZE DISTRIBUTION:

Graval Sirmg i} gy S1it Sizes
Coorse |Modium [Fine Goarie] Medium | Fing Gloy Sizes
| Seive Sizes
160 LR Gl & "o ®sp "n"so™oo 200
IR T 1 C" T TT %
Ll 0 S s T ] T |
aojil LN [T KB TN 3 | I LR i1 |
| 1\ | n | JiN 1 [T
EEERY M ' A3 | 11
! Y | IR | | 111
5 T . -
10 bVl . 11l - ol T T
\k I el ; v I RE TT]
b h [l [ | Il
60 ! hY | |
g < vy , S IHinE
=50 [ P | .‘."-; | | 1l
X S 5 T I
Zan = R | ~ Ty []]
_ ' N_| AT s
S0 I A HhE IENNERN
e E v\ AN i |
- \ ! | =1 ! ~
I | \ T T~ ]
' - | | b | T
T ]Fi: . ] TR T o _
o LI | 1 T =T T | |
Js1s} o (8] o1 o0 o-aal ©-000|
Grain  Sire = Millimetres
AG%DR%%SAEI'E FINE AGGREGATE
T e e e Particle size limits of tros! susceptible moterials

PETROGRAPHIC AMNALYSIS:
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SITE NO. FN 24X

Locafed immediately upstream from Fort Norman on the northeast bank of the Mackenzie
River, Site FN 24X consists of interbedded clay ond coal strata. Smoke emissions and
slumping along the bank indicate that subterranean fires are burning in the coal seams.
Overlying silty and clayey glaciolacustrine sediments had been locally burned.

Type of Material: ~ Burned silts and clays

Estimated Volume: Mot established

Assessment: The burned silt and clay deposits are not considered as o granular
materials source according te the terms of reference; however,
future studies to determine the quality of the clay should be
considered if excessive requirements for general fill material are
anticipated for Fort Norman.

LEGEND
——— == Al| weather road seasveenensss Required occess
————— Existing trails and cutlines  -——-——-S5ite limit
ssssssssnses Proposed Gas Pipeline #mm e = - Proposed Mackenzie Highway
@ DH  Drill Hele TP  Test Pit
Airphoto No. A22934/161 Approximate scale: 1" = 3, 000"
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ENVIRONMENT

The clay deposits are interbedded with coal seams along and in the northeast bank of the
Mackenzie River. At several locations along the bank, smoke emissions and slumping
indicate that subterranean fires are burning in these deposits.

The heat resulting from the burning coal seams has caused partial eonsolidation of originally
soft silty and clayey strata which locally are altered into reddish or yellowish coloured
solidified layers. This material resembles the characteristics of weakly cemented silstone
or mudstone .

DEVELOPMENT

Development of this source is not considered practical at this time. However, if at some
future date the requirements for general fill material become excessive, then the site
should be further evaluated to determine the quality, volume and physical characteristics
of the altered clay.

Future development of this site should also include operation procedures that are designed
to protect the adjacent bank and water areas of the Mackenzie River.



SITE NO. FN 25

Located approximately 10 miles northwest of Fort Norman, Site FN 25 consists of
Devonian limestone exposures which can be considered as the northern extension of the
pronounced Bear Rock massif.

Type of Material: Limestone; dolomitic, weathered and fractured.
Estimated Volume: Unlimited in terms of requirements for Fort Norman.
Assessment: Granular moterials for various categories of construction

requirements can be produced. The exploitation of this site
will entail o quarry operation.

——— == Al| weather rocd swesssesssess Repuired access

————— Existing trails and cutlines  -——:——-Site limit

sssssssssens Proposed Gas Pipeline » == = =« Proposed Mackenzie Highway
@ DH Drill Hole = TP  Test Pit

Airphoto No. A22934/156 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site FN 25 is located approximately 10 miles northwest of Fort Norman and can, generally,
be considered as the northern extension of the pronounced Bear Rock massif. The site
encompasses an area approximately 13 miles in length by % mile in width.

The ridge is basically comprised of Devonian and Ordovician limestone. The bedrock
exposures are generally weathered and extensively fractured. Residual soil and colluvium
in localized depressions together with discontinuous pockets of glacial till, support very
sparse growths of spruce and tamarack.

There are no known critical wildlife areas in the immediate vicinity of the site.

The existing access to Site FN 25 consists of the winter road which passes through the
centre of the designated site area. However, any transportation of material from this
site to Fort Norman will involve a major river crossing of Great Bear River. The
proposed routes of the Mackenzie Highway and the gas pipeline traverses the southern
extremity of this site.

DEVELOPMENT

Site FN 25 may represent a very significant source for the granular material requirements

for the community of Fort Norman because of the scarcity of naturally eccurring unconsoli-
doted granular materials in this Study Area. This site has numerous bedrock exposures which
are easily accessible from the existing winter access road.

The following broad and general comments relative to development of this site for granular
materials are outlined herewith:

= Quarry operations including extensive blasting and crushing of the limestone material
will be required for the extraction of granular materials.

- The best quarry locations, based upon quality of extractable limestone, general access
to exposed rock outcrops and approachability are in the southern portion of the site
area generally adjacent to the existing winter road. When the proposed Mackenzie
Highway is completed, this area would become very attractive for any future quarry
operation.

- Selective excavation can be anticipated. The material from the surficial, weathered
and fragmented zone meets the requirements for general fill while better quality
aggregates can be produced from fresh limestone beds at greater depths below existing
rock faces.

- The exploitation of manufactured aggregates from Site FN 25 would, currently, be
restricted to a winter operation because the access from this site to the community of
Fort Morman is limited to the existing winter road facilities ond, also, requires a major
crossing of the Greaot Bear River.
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ABANDONMENT AND REHABILITATION

In general, if a well organized and contrelled operation is maintained during the develop-

ment and extraction of material from the quarry locations, then the problems related to
abandonment and restoration would, inherently, be managed.

Shipped and discarded material should be placed in arees adjacent to the quarry base.

Upon completion of the operation in a specific section of the quarry the stockpiled
material may be spread evenly over the quarry floor, thus allowing for natural revegetation

25-3



DETAILED DRILL HOLE LOG

SITE NO. Fm 25 HOLE NO. 551
DATE: Fgg, 24, 1973 |LOGGED BY: [J PEMCAN (X R.M. HARDY & ASSOCIATES

DRILLING METHOD: (3 o v eNEionaL [ CiRcriEhERSE, [J oTHER:
DEFTH UMIFIED GE?J';%?TIDH%E SAMPLE | DEFTH
(Faet) ;:::: GROUP MI:"LTERIAL DESCRIPTION : THPE | {fewr]
; STMBOL .‘E’ffsi cpi':;:s' E;LEI
e — 0
or Pt o MOSS: =
. ©OH o CLAY: organic = | Nbn |
2 Cl CLAY (TILL): sandy, silty 2
stones, pebbles, NF
cobbles
4 4 -
[ l I A2
& =1 & —
' | L I BEDROCK (LIMESTONE):
I : I I - weathered
[ - grey-white
B_'I[T - red=07% B —
= - cores shattered
| : I : - 1" = 1" thickness
10 1 ; : I 10 4
[ ITl
12 12.0 12
END OF HOLE 12.0

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND NORTHERN DEVELOPMENT E
PEMCAN SeERvVICES “"72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. FN 25 HOLE NO. 67
DATE: rgp, 25, 1973 [LOGGED BY: ] PEMCAN [0 R.M. HARDY & ASSOCIATES
DRILLING METHOD: [¥] COMVE#‘FEDNAL ] é‘.‘ﬁ‘cﬁfﬁéﬁ [] OTHER:
DERTH UMIFIED G.ﬁ?}ﬂ%?ﬂn:qcsli SAMPLE | b
ooy | SRAPA | (L MATERIAL DESCRIPTION ; TYPE | {foer)
Y MBOL CLALE R haby
0 0=
Pt 5 PEAT: Category 714 Vx| M
2 Y ¢l CLAY (TILL): sandy, silty Vx | M 2 5
X rust and coal specks, stones,
N medium plastic, brown,
4 cobbles 4
S 50
o=
& [——1'
= BEDROCK (LIMESTONE): ey
{ : || h badly weathered Nbn
ol
8 R 8 —
E
I |
1
=
10 4 10—
| -
]
B
T
12 : I ]l [ 12 —~
T 1
| |
T
14 | I : I 14
==t
|-
=
o
16 15 16—
)
=
]
—
18 [ : [ : 18
-
r]
—
I
ki il 20.0—'END OF HOLE 20.0' 20 -

GOVERNMENT OF CANADA

DEFARTMENT

AND NORTHERM DEVELOPMENT

OF INDIAN AFFAIRS

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “"72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 25

. HOLE NO. 706
DATE' MAR. 5, 1973 [LOGGED BY: [J PEMCAN  [X] R.M, HARDY & ASSOCIATES
DRILLING ‘METHOD: R conveNTionar OJ EiRcliATion [ oTHER:
DEPTH pee UNIFIED Gggz%?ﬂu;qcs! SAMPLE | DEPTH
[Faer] SYH:F:I'. GROUP MATERIJQL DESCR[PT[DH ; TYPE | [feer]
SYMBOL ciass | ciass | conn
0 - : 0 -
5 OH - CLAY: organic Vi | M
Z 7
Cl CLAY (TILL):
- sandy, silty
4 - rust and coal specks
- stones Wi | L 4 -
- cobbles
- medium plastic
& - brown & -
8 Bl
10 10
12 12 —
13.0
M= lil BEDROCK (LIMESTONE): 14 -
: I - weathered
=T - grey Nen
16 1 16 —
| : I l
[ T
I |
18 P 18 -
I |
| I
=
20 = 200~ £\iD OF HOLE 20.0" = 20

GOVERNMENT OF CAMNADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES “"72"

GRANULAR MATERIALS INVENTORY
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SITE NO. FN 26

Located approximately 11 miles northwest of Fort Norman on the west flank of Bear Rock,
Site FN 26 consists of a narrow, sinuous esker ridge.

Type of Material: Sands and Gravels; fine to medium grained, little silt.
Estimated Volume: 2,000,000 cubic yards.
Assessment: Granular material for good quality fill and base course aggregates

can be produced. The site is recommended for future
development.

=== === Al| wecther road sreeereseesor Required occess
————— Existing trails and cutlines  -——+——-Sjte |imit
sesssesnanss Proposed Gas Pipeline »=————-Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22889/150 Approximate scale: 1" = 3, 000"
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Site FN 26 is located approximately 11 miles northwest of Fort MNorman and consists of a
narrow, sinuous esker ridge along the west flank of the Bear Rock massif. The site is
approximately 2 miles in length and 700 feet in width at the base. The esker ridge rises
10 to 30 feet above the gently sloping adjacent terrain and the slopes of the esker ridge
are well droined. The site is approximately 12 miles from Fort Norman along the winfer
rood and existing seismic cutlines.

The material in the esker ridge fromation consists of sands and gravels with o little silt.
Minor pockets of glacial till may be irregularly incorporated. A shallow organic topsoil
layer covers the entire site area and supports sparse growths of spruce and birch.

There are no known critical wildlife areas in the immediate vicinity of the site; however,
the site roughly parallels a small stream that eventually flows into the Mackenzie River.

Development procedures would have to be adopted whereby the stream would be isolated
from active work areas of the site,

The existing access to the site from Fort Norman consists of the winter road, seismic cut-
lines and trails along the top of the esker ridge. The proposed Mackenzie Highway and the

gas pipeline routes are located approximately 2 miles north of the northern extremity of
this site.

DEVELOPMENT

The information abtained during the winter drilling program has outlined the following
conditions relative to the quality and quantity of available granular materials at Site FN 26.

- The overburden, consisting of a thin veneer of topsoil and silt, is very shallow varying
in depth from a few inches to opproximately 4 feet below existing ground surface.

- The materials in the esker ridge consists of fine to medium grained, well graded sands
and gravels which are considered suitable for use in road base, backfill, embankment,
and base course construction requirements.

= The granular materials in the esker ridge appear to be partially sorted during deposition
and the coarser grained material (ie. gravels) are more prevalent at areater depths and
towards the northeastern portion of the esker ridge.

Site FN 26 may represent a possible source for granular materials for the community of Fort
Norman although the haul distance is quite significant and entails the crossing of Great
Bear River. It is considered that the relative importance of any recoverable granular
materials in Site FN 26 may be more significant to supply the granular material requirements
for the construction of utilities on the west side of Bear Rock.

The following operational guidelines should be considered if Site FN 26 is developed and
exploited for the granular material requirements of the Fort Norman community or in

TE T
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the construction of local utilities.

-  The development of borrow pits for Site FN 26 should be initiated from the north-

eastern portion of the esker ridge where better quality and better graded granular
materials are anticipated.

=  The existing free growth and related vegetation should be cleared and removed in
accordance with current land use guidelines.

~  The thin veneer of organic topsoil and inorganic silt should be stripped, removed
and stockpiled adjacent to the borrow pit areas in designated locations.

=  Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain into the small stream channel on the southwest
flank of the esker ridge.

- Vertical excavation procedures should be adopted to minimize the extent of the
exposed borrow pit area to erosion by wind and water. Also, vertical excavation
will permit selective removal of varying types of granular materials because the
in situ orientation of the deposited material is in a vertical sequence.

=  Conventional excavation equipment such as dozers, overhead loaders and minor ripping
equipment can be utilized for extracting the borrow material from this site.

- A new access road would have to be constructed from the north end of Site FN 26
to the existing winter road or to the routes of the proposed gas pipeline or Mackenzie
Highway routes for the transportation of removed borrow material .

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation guidelines should include the following if Site FN 26 is
developed os a borrow pit.

=  Recontouring of borrow pit aress to maintain good drainage fo the adjacent terrain.

- Replacement and spreading of organic topsoil from pre-production stockpiled onto
the recontoured exposed borrow pit areas.

= Revegetation of the restored borrow pit areas.
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DETAILED DRILL HOLE LOG

SITE NO. FN 26

HOLE NO. DH-1

DATE: JAN. 29, 1973 [LOGGED BY: [7) PEMCAN O

DRILLING METHOD: X AIR REVERSE

AR
convenTionar U circutation [ OTHER:

DEPTH
[Faur)

[funt) smm: GROUP MATERIAL DESCRIPTION TYPE
ool GEN'L | N.RC. | ESTD
= 1 CLASs | ceass | conr
SILT: some sand, medium brown Vs | M
4.0
SAND AND SILT: medium to
oy rust brown
MC
SAND: ftrace silt, fine to medium v
grained, few pebbles to 3/8",
rust brown
UF
22.0

TOTAL DEPTH 22.0
24 —

{1 -

12

15 —

18 —

24 =

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES '"72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 25

HOLE NO. pH-2

DATE® JAN. 29, 1973 [LOGGED BY: 3] PEMCAN O
DRILLING METHOD ! X cc:wsﬁ'rnmm O é‘r'l?cﬁﬂﬁgﬁj [J OTHER:
DEPTH ED G%%:II:!DTIDF‘\IES!
P UNIFI i =
sl oo | U MATERIAL DESCRIPTION = —rvre | et
sYmaol CLASS i EE:L?
= T
GRAVEL: some silt, little sand, VoL-M
fine grained, medium to dark 5 |
brown
Ay ML SILT: some sand, medium brown 4 —
_____ clay pockets, greyish blue il il
" - from 5.0' &6
7.0
& SAND: little silt, fine grained, 8 —
rust brown, wet UF
10 10 —
12 120 12 —
TOTAL DEPTH 12.0°

GOVERNMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

]

PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 25 HOLE NO. DpH-3
DATE: JAN. 29, 1973[LOGGED BY: [ PEMCAN O
BRILLING WETHOD' B coneyoruas 1 ABRETERSR [ orv
DEFTH CoOND TN
FIE SAMFLE
(raa) | SRamm | uTeD MATERIAL DESCRIPTION e e e L
SYMBEOL CLASS Epf.-h;it:'.i EEJ:J?
0 -
SM-SP_| 4 SAND: some silt, few pebbles,
' medium to dark brown
.
SAND: little silt, fine grained,
medium brown
SM-SP Vs &=
M hc
9 —
12.0 12 —
e GRAVEL: some sand, little silt,
0.5%. 0] GW-GP fine grained, few boulders, Vo|L-M 15 —
. medium brown
18 -
MC | 21 -4
220
TOTAL DEPTH 22.0°
24 24 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND MNORTHERMN DEVELOPMEMNT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES "“"72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 26/ DH 1 FN 26/ DH 3 FN 26/ DH 3
Sample Depth (Feet): 8.0-10.0 7.0-2.0 20.0-22.0
Moisture Content (%): 8.7 12.5 7.4

lce Content (%): - -

Organic Content (%): - %

GRAIN SIZE DISTRIBUTION:

Grovel  Sizes Sgnd  Sizes S1ig Sires Cloy Sizes
Coorse [Medium | Fins 1e] Medium | Fine
l Salve Sires
R - 4, o #‘ "1 "0 "pp %o ®so¥ioo "o
I IS =] S LTS T T I 11T |
%0 i AN S | N S R E [ *
| Y T A ~
sol ] X e I B 10§ N
| \ AN Y—DH3BA | _ I
rol1 A L% \ 70T K ' | =
| | [H_L_—A‘\ 5 I'%I L ‘l- [ |
= K ‘\, i
20T \ B D ST
50 \ | N0 Tl MITET T
- DH=3 1 ———% 1 ‘?‘ | M
Eq,u. Eﬂ _12 2' \ I'l \.\l | 111 he B
= | | i | [T - i
= N | IS & '
3 >0 | N \ 1 O [ ST
e ! b A ' =~ |11 NI
20 [ \‘\ 'I.II | T =i (|
| i ""‘-‘.‘_ \ | I ] “"\‘i 5‘ l“‘-u..l
o 1 M-I T T I |
. i ] | [INRA| | | T | ] |
[Tals} ]+] s] ol oo 0-001 a-oogi
Grain  Size — Millimatres
ACEORSE FINE AGGREGATE
—————————— Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: GSC #25
Sample Depth (Feet): +5
Moisture Content (%): 4.7
lce Content (%): -
Organic Content (%) -

GRAIN SIZE DISTRIBUTION:

Grovel Siz aend  Sirgs St Sizes ;
£ Coarse I”ld“ﬂ_[_"'lﬂl Gogrse| Medium | Fina Gloy. Blies
[ Selve Sizes
ook T vl 4 %5 mip mg womongnm
I | ]II T T ™ I T TE, [I 17 T TTTT]
R AER | ST 3L B [ T
20 T . ; Y ! | |
it | .‘\ \x L |
. ~ | \ Y | |
70 N A N [l '
\\L\ A i 11 1
' 4 [ _[ITT]
EE'D \ S |||_ i
" 50 I s: T | il
H T e i \‘}\ : \1.' l .'\ !
a0 ! * HERNE| 1
= | h\ ~ 1 'Il u =i
30 : | HhiNE i 2
u | | ~ I [ ] S |
a % h\fﬂi' \
i 11T 1 =] T NI .2 1
| | 1100 TTRL 11
ol . ] W L_{ e T e~
o0 [T TR N i 1 2 SR
o ta g ol ool oool o-ooo|
Groin Size — Millimatres
ACTE. FINE AGGREGATE
—————————— Perticle size limits of frost susceptible moterials
PETROGRAPHIC ANALYSIS:
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SITE NO., FN 27

Located approximately 9 miles west of Fort Norman, Site FN 27 consists of an
elevated terrace deposit on the north bank of the Mackenzie River.

Type of Material: Sand; some silt, small pockets of gravel,
Estimated Volume: 700,000 cubic yards.
Assessment: Poor quality material suitable only for very marginal

general fill. Because transportation of material from
this site to the community would not be justified, the
site should only be developed if a need for general fill
material arises within this particular area.

LEGEN
———=—=Al| weather road sereeeecenees Reguired access
————— Existing frails and cutlines  ~——-——Sijte |imit
sesnnesserns Proposed Gas Pipeline « = === Proposed Mackenzie Highway
@ DH  Drill Hole TP Test Pit
Airphoto No. A22862/33 Approximate scale: 1" = 3, 000

27-1




=
P PEMCAN SERVICES

ENVIRONMENT

Site FN 27 is located opproximately 9 miles west of Fort Nerman and 2% miles downstream
of the west escarpment of Bear Rock. The site consists of elevated terrace deposits on the

north bank of the Mackenzie River and encompasses an area approximately 4000 feet in
length and 1000 feet in width.

The material in the terrace deposit consists of silty sands with some gravel pockets. The
adjacent terrain is relatively flat, thermally sensitive and is inundated with numerous lakes
of various size. A small creek draining into the Mackenzie River flanks the southwest
perimeter of Site FN 27,

There are no known critical wildlife areas in the immediate vicinity of the site; however,
the site is within the broad flyway that is utilized by waterfowl during spring and fall
migration. Site FN 27 parallels the north bank of the Mackenzie River for approximately
3,000 feet and is also intersected by a small stream that troverses across the site prior fo
flowing into the Mackenzie River. Development procedures should be adopted whereby
all watercourses are protected in the event the site is exploited.

DEVELOPMENT

In view of the scarcity of granular materials within the Fort Norman Study Area, Site FN 27
was investigated in detail during the winter drilling program. The results of the drilling
program confirmed the preliminary assessment of the site relative to the lack of coarse
granular materials. The subsurface soils encountered in the drill holes consisted of very

fine grained sands with very high silt contents which are unsuitable for any granular material
requirements.

Therefore, it is considered that transportation of very marginal general fill material would

not be justified. If a need for such material arises within this general area, the site can
be developed.
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DETAILED DRILL HOLE LOG

SITE NO. FN 27 HOLE NO. DpH-1
DATE: JAN. 29, 1973 [LOGGED BY: ] PEMCAN O
DRILLING METHDD:E] CONvEﬁalrguow.L 0 5‘&551%‘?3& [] OTHER:
DEFTH UMNIFIED GEELP;F‘I:I‘I{TTIDI'IQ%E SAMPLE | DERPTH
{taar] ;L’;:: GROUP MATERIAL DESCRIPTION ) | TYRE | (faur)
= SYMEOL Siass | ciise | S2ve
Farted Ol i SILT: organic, dark brown L
i S SILT: some clay, low to medium 3
plastic, medium to light brown,
pebbles to 3/8"
6.0 &
sw SAND: some gravel, rust brown, v M IMC
few pebbles to 3/8" size
g —]
.0
125
SAND AND SILT: medium brown,
SM-SP  f----- wet from 14.0
UF 15 -
18 —
2i0 21 -
TOTAL DEPTH 21.0¢
24 < 24 —

GOVERNMENT OF CANADA

DEFARTMENT OF INDIAMN AFFAIRS
AND NORTHERN DEVELOPMENT




DETAILED DRILL HOLE LOG

SITE NO. FN 27 HOLE NO. pH-2
DATE: JAN, 29, 1973 [LOGGED BY: [X] PEMCAN O
DRILLING METHOD: ] conveNTionat OJ éllgcgfﬁ?gi L] OTHzR:
DEPTH S ONDITioNe
NIFIED iON SAMPLE| DEPT
treer) | Goar [ CCHE MATERIAL DESCRIPTION , TYEE | theory
FHBCL ] symaol eLats CLaSS | Cont,
l ML-CL SILT: some clay, brown.
2 20 2 —
ML SILT: little sand, few pebbles
| to 3/8" size, light=brown. Vs | M
4 = 4 -
6.0 6
SM-5P SAND AND SILT: dark brown,
few pebbles to 3/8"
E Bl
F---- ~ very moist at 10" depth 10 7
UF
20 12
TOTAL DEPTH 12.0
14 — | = 5

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

=
I PEMCAN SERVICES "72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: FN 27/ DH 1
Sample Depth (Feet): 7.0-2.0
Moisture Content (%): 4.4

Ice Content (%):

Organic Content (%%):

GRAIN SIZE DISTRIBUTION:

Grovel Sizes Sgnd  Sizes 3i Sizes i
Coprae |Madiem |Fine Cogrse| Medium [ Fine i SO
[ Seive Sizes
iopk a1 "4 "0 "pp "a0"0"oo *zo0
[ T I~ I % | T -
— n" » o Il L1 I
gl 1 [ s [ T30 11 | T
a3 "y o | ) 1 [ ]|
| N b v I
8o ‘ —
[ | ' ~ | * ™ T
) T \\ I ‘\ | o '
\ | Ay N Tl
6D ! AN T KNl !
s * N | ST
Eso | I\ N 1T N[
& H- I ol | NI
Ean | Tl TN ]
- | TN, 9 TN
T a0 01T 11 *J |
E Ill .“""'L | ] -;\\ |
Sag | | \.\ =[] | ™
| | {11 MLl | ] |
1o i. . | S ] ]iin_"!'h.ﬁ_‘_: | I!
ER 1| [ | li ] L {IPE fir] s T
olLLL : i | [T I [N T N
160 o 1'Q a-1 o0l C-00 Q-000
Graim  Skee — Millimatras
&
N FINE AGGREGATE
—=m==—————=— Porticle size limits of fros! suscepiible moterials

PETROGRAPHIC ANALYSIS:
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SITE NO. FN 28X

Located approximately 11 miles northwest of Fort Norman along the base of the western
escarpment of Bear Rock, Site FN 28X consists of glacial outwash deposits partially
overlain by talus cones.

Type of Material: Silt; some clay, few pebbles (TILL LIKE).
Estimated Volume: Mot established.
Assessment: Site FN 28X is nof recommended for development.

LEGEND

= Al| wenther road seerseeseeeos Required access
————— Existing trails and cutlines s——e——:5ite limit
sxsxssznasss Proposed Gas Pipeline +—=—=—=—-=Proposed Mackenzie Highway
2 DH  Drill Hele 4 TP Test Pit
Airphote No. A22889/148 Approximate scale: 1" = 3, 000
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ENVIRONMENT

Site FN 28X is located approximately 11 miles northwest of Fort Norman along the base of
the western escarpment of Bear Rock. The site consists of glacial till deposits partially
overlain by more recent talus cone deposits. Site FN 28X is located immediately east of
Site FN 26 and approximately 2% miles nerth of the Mackenzie River.

The in situ material at Site FN 28X consists of silt with some cloy and a few scattered
pebbles and is generally till-like in texture. Mixture of silt and angular limestone frag-
ments may be expected in the adjacent upslope talus cone deposits. The organic topsoil
horizon is very shallow and supports a very sparse growth of spruce, occasional poplar and
birch. The surficial drainage of the adjacent terrain is southwesterly into the Mackenzie
River.

There are no known critical wildlife areas in the immediate vicinity of the site.

The existing winter road and the seismic cutline whichis located approximately % mile
west of Site FN 28X provide the only equitable access to Fort Norman. The proposed
roufes of the gos pipeline and the Mackenzie Highway are located approximately 2 miles

north of Site FN 28X

DEVELOPMENT

Site FN 28X was investigated in detail during the winter drilling program. Based upon
geomorphic features, coarser slope wash deposits and slope debris were expected. The
material encountered in drill holes, however, consisted primarily of silt with some clay
and a few scattered pebbles with a general till-like texture. Therefore, Site FN 28X is
not recommended for development as no granular materials are available for exploitation.

28-2



SITE NO. FN 28 X

DETAILED DRILL HOLE LOG

HOLE NO. DH-T

DATE: JAN. 29, 1973 |[LOGGED B8Y: ] PEMCAN O
DRILLING METHOD: ] conveRifionar O Alkctireist, [ oTnem:
DEPTH UNIFIED Gl:l:?]'ilh;nlﬂﬂrl'icst SAMPLE | DESTH
[fwne] ;:ﬁ':;: GROUP MTEREAL DESCRJFTFDN Ehi - TYPE |;l-.l]
SYMBOL Eass Class | Eore
0 L R 9
ﬁt"g‘g’ Pt " PEAT: organic, fibrous,
N _muskeg i
2 — =
SILT: some clay, few pebbles
to 3/8", medium broewn
4 - ML-CL [~ - becoming light brown at 4.0', Vs | M 4
sfones to 1" size “']
(TILL LIKE) &
6 — > & o
8 — B
9.0
10 ML SILT: some sand, few pebbles 18 =
12 2.0 12
TOTAL DEPTH 12.0¢
14 14 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERM DEVELOPMENT

GRANULAR MATERIALS INVENTORY

PEMCAN SERVICES 72"
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SITE NO, FN 28 X

DETAILED DRILL HOLE LOG

HOLE NO. DH-2

DATE: JAN., 29, 1973

LOGGED BY: & PEMCAN O
; R
PRILLING METHOD: R conveRfonar O Sipcriieion, ] omner:

GROUND ICE
ER i CONDITIO PLE T
Thew) | GRamw [ unirteD MATERIAL DESCRIPTION s e il
IYMBOL GEN'L MNE.C EST'D
SYMBOL CLASS | CLASS | COMT.
D_ —
0
Pt PEAT: organic, fibrous
1O
0 ML SILT | i 2]
: some clay, medium to
dark brown.
47 ? d Vs | M iy
- few pebbles to 1" size at Ietete
&7 ML=CL depths greater than 5.0 67
(TILL LIKE) >
E
Kt L
8 X 8 7
o
10 ; 10 7
120 120 12 7
TOTAL DEPTH 12.0°
14— 14 -

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERMN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

’ PEMCAN SERVICED “72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 28 X

HOLE NO. DH-3

DATE: JAN, 29, 1973 |LOGGED BY: K] PEMCAN £
Rl ! A EVE
DRILLING METHOD' %] CGNUEN[TRMNM J éllchEinéFq [] oTHER:
DEPTH » UMIFIED Gig';ldh:}?'rlﬂfligf SAMPLE | DEETH
[fanr] ;:l:Fl.l'JL GROUP MATERIAL D’ESCR'PTIDN . TYPE |:;Il'!:|
sYMaaL GRS CLAss CONT.
0 V'::%F 0
{E%Tu oL SILT: organic, dark brown. M
M=l e
9 b A 50 2
5ILT: medium to dark brown. Y H
5
4 4 —
e T = ftrace sand from 6.0, few 6 7
ML pebbles, madium brown. >
(TILL LIKE)
8 — x V | M g
-
=
e
10 H =
12 2.0 12 =
TOTAL DEPTH 12.0"
14 = 14 —

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

g
I PEMCAN SERVICES ‘72"
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DETAILED DRILL HOLE LOG

DATE® JAN. 29, 1973 [LOGGED BY: (3] PEMCAN 0
| i
PRILING METHOD™ B convetitiona: B ARAeEst 1 omien:
DEPTH UMIFIED GEELSE?TIGJ\IEE SAMPLE| DEPTH
{faar) | GRAPH GROUP MATERIAL DESCRIPTION TYPE | [fear
svmaoL | FROUR SenL | MRe, | 2sTn 4
CLASS | CLASS | conr
0= ey D —
F i
] oL SILT: organic, dark brown M
T
EHE?.%: 24
.#:'; Cat \'ﬁ
;:-?-1'1'5&”\ 3_{)
4 — 4 -
SILT: trace sand, medium to
dark brown H
6 & —
L - little sand from 7.0', few Vs
g — [ pebbles to 3" size, light g _
brown
(TILL LIKE)
10 10 —
)
12 12.0 12
TOTAL DEPTH 12.0¢
14 14 —
GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT .t
PEMCAN SER s 72
GRANULAR MATERIALS INVENTORY Mt
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DETAILED DRILL HOLE LOG

SITE NO. FN 28X HOLE NO. pH-5

DATE® JAN. 29, 1973 |LOGGED BY: [x) PEMCAN &
PRICLING METHDID: X r:r:nweﬁlﬁcwm. O éljfgcﬁfiﬁgil [J OTHER:
DEPTH | ooy | umiFiED Gggﬂﬁnorﬁ! SAMPLE | DERPTH
tFeer] e MATERIAL DESCRIPTION SNPE | Thea
SYmaoL SYMEOL GEN'L N.RC EST'D b
CLASS | cLAss | cant
0 Txmem 0 —
1?%:
Sl
o
2 4, ‘f&i_% oL SILT: organic, dark brown 2
e
=t i
4 e 4 -
1{‘&;&#\.‘
7 5.0 el |
6.~ SILT: listle sand, ‘fow bl . 6 -
" to 3/4" size, medium to dark J
L b M
rown
8 - (TILL LIKE) 8 —
10— 10 <
12 12
3.0
TOTAL DEPTH 13.0'
14 14 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY PEMCAN SERVICES ""'72
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SITE NO. FN 29

Located approximately 8% miles north of Fort Norman, Site FN 29 consists of g glacial
outwash deposit on the western flanks of the Bear Rock massit.

Type of Material: sands and Gravels; well graded, fine to medium grained.
Estimated Volume: 300,000 cubic yards.
Assessment: Good quality material for road bases, building pads, and

marginal surface course aggregates. Site FN 29 is recom-
mended as a possible source of granular materials.

SRR . .,.- + *,-.'. S P e
LEGEND
=== == Al| weather road rereressseees Reguired access
————— Existing trails and cutlines  =——-——:Site |imit
sssssversnses Proposed Gaos Pipeline »====—=—-Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22934/155 Approximate scale: 1" = 3, 000"
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PEMCAN SERVICES

ENVIRONMENT

Site FN 29 is located approximately 8% miles north of Fort Norman on the western slopes
of the Bear Rock massif immediately adjacent to the south side of the existing winter road.
The site is generally comprised of shallow glacial outwash deposits overlying morainal fill.

The in situ material ot Site FN 29 consists of wall graded, medium to coarse grained sands
and fine grained gravels. Minor bodies of glacial til may be irregularly scattered through-
out the outwash deposit. The organic topsoil is relatively shallow, varying in thickness
from 1 to 1% feet, and supports a moderate growth of spruce with occasional stands of poplar
and birch. The adjacent terrain immediately north of Site FN 29 consists of drumlinized
ground moraine, longitudinally orientated in an east-west direction. The surficial drainoge
of the site area and adjacent terrain is westerly.

There are no known critical wildlife areas in the immediate vicinity of the site.

The existing winter road provides excellent access to this site area. Furthermore, the
proposed location of the Mackenzie Highway is nearby coincident with the existing
alignment of the winter road and will ensure excellent future occess to Site FN 29.
Any proposed development of Site FN 29 for the granular material requirements for the
community of Fort Norman will entail a major river crossing of the Great Bear River.

DEVELOPMENT

The results of the winter drilling program have confirmed the following conditions relative
to the quality and quantity of available granular materials af Site FN 29.

= The quality of granular materials available at Site FN 29 varies from wal] graded,
medium to coarse grained sands to fine grained gravels. The detailed description
of the subsurface conditions is noted on the individual drill hole logs.

= The depth of topsoil and silt overburden is relatively shallow and varies from a few
inches to 4 feet.

- Ingeneral, it is considered that the granular materials from this site are suitable
good quality fill material in the "Pit Run" condition for building pads, road bases
and, also, for marginal surface course aggregate requirements.

= An estimated quantity of 300,000 cubic yards of granular materials is available at
this site.

Site FN 29 is recommended for development as a possible source of granular materials for

the community of Fort Narman. This site would, in particular, become very attractive

when the proposed Mackenzie Highway is completed and provides good all weather access
for the exploitation of granular materials. The following guidelines for borrow pit operations
should be followed:

29-2
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FPEMCAN SERVICES

The development of borrow pits for Site FN 29 should be initiated from the northern
extremity of the site area in the immediate vicinity of DH-3 where proven depths of
good quality gravels have been noted.

Adequate buffer zones of existing till growth should be retained between the existing
winter road or proposed Mackenzie Highway route and any proposed borrow pit
debelopment.

The existing tree growth and related vegefation should be cleared and removed from
borrow pit locations in accordance with current land use regulations.

The thin veneer of organic topsoil and underlying silt should be stripped, removed
and stockpiled in designated locations adjacent to the borrow pit areas.

The use of conventional excavation equipment such as dozers, overhead loaders, back-
hoes and light ripping equipment is considered adequate for removing material from
this site.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

Precontouring of the pit area to provide general drainage compatible with the natural
drainage of the adjacent terrain.

Replacing stockpiled surficial waste material onto the abandoned borrow pit areas.
Reseeding of the recontoured pit areas may be considered, although existing cutlines

in the area indicate that understory growth and eventually spruce will be naturally
reestablished.
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DETAILED DRILL HOLE LOG

SITE NO. FN 29 HOLE NO. DH-1
DATE: JAN. 30, 1973 [LOGGED BY: [3] PEMCAN O
PRILING METHODA I, o v emi AL L] ClkcOtATIon [ OTHER: o
DEETH UNIFIED GEELPIL?!EI’TPDH:SE SAMPLE | DERPTH
[Faut) ;:‘;‘:: GROUP MATERIAL DESCRIPTION = | TYPE | (faur)
= SYMBOL Class | class con 5
AR oL TOPSOIL: some silt, little y
A e organic, dark brown J
2 | 2 3
SILT: little sand, trace clay,
ML occasional rounded pebbles to 27, M
i medium plastic, greyish brown 4 -
(TILL)
6 — b4 —
: 6.5
Vx
® 4 AND SAND: fi d s
SILT AN : fine grained,
ML-5M medium brown
10 S 10
12 i20 12 —
TOTAL DEPTH 12.0¢
14 - 14

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 2%

; HOLE NO. pH-2
DATE® JAN. 30, 1973 [LOGGED BY' 3] PEMCAN O

R THOD: ATR Al
DEIRING METHOD ) convemnnay CIRcOLATION [ OTHER:

DEPTH UMIFIED G:thl:li':ir:nﬂr:i? SAMPLE | DERPTH
[Fawt) :{;‘::1 GROUP MTERLﬁL DESCEIFTIDH TYPE | {fwwr]
SYMAOL GEN'L | MREC. | ESTD
CLASS | cLASs | conT,
ﬂ —
OL TOPSOIL: some silt and organic,
R _ dark brown
SILT: some gravel, trace sand, 2 =
ML-GM gravel sizes 1" to 2", rounded to
subangular pebbles
40 & =4
GRAVEL: little sand, trace silt,
predominantly subangular to sub- & =
rounded pebbles to 2", occasional
cobbles, grey Vx | M
8.0 : 8 —
GRAVEL AND SAND: poorly :
el graded, medium grained, sub- « | 10 4
4 GM-GP rounded pebbles of limestone M.C.]
5 OB R and quartzite, few granite and G.S_]
cherts, maximum 1", greyish 12
brown
14 —
15.0
TOTAL DEPTH 15.0'
16 < 16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. FN 29 HOLE NO. pH-3
DATE: JAN. 3, 1973 LOGGED BY: ¥ PEMCAN 0
DRILLING METHOD: (g convenTionar [ ClRCOLATION [ OTHER:
DEPTH UMIFIED EEE%%?TIGL{;E SAMPLE ] DEPTH
teer) | SRAPH | sour MATERIAL DESCRIPTION TYPE | (4aur]
] o |eEnL | mee | Est
CLASS | cLasS | comr.
0 —
OL TOPSOIL: some silt, little
% organic, dark brown
2
GRAVEL AND SAND: coarse 4 —
i % grained, poorly graded, sub-
¥ e rounded to subangular pebbles L
predominantly limestone and 5 —
quartzites, few granites and
cherts, maximum 1" size, e
greyish brown GS. g
9.0
SAND: little silt, trace gravel [TYa 12 5
SM-SP and clay, medium grained, poorly |UF O
graded, pebbles to 1" size, damp, G5
brown f 12 A
T IOTAL DEPTH 14.0 e
16 < 16 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

PENMCAN SERVICES "7=2"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. FN 29 HOLE NO. 563
DATE: FEg, 25, 1973 |LOGGED BY: ] PEMCAN [ R.M. HARDY & ASSOCIATES
ORILLING METHOD: % convenTional O CIRCOEAT O [ OTHER:
DEPTH UNIFIED GE%“%ETIDLCSE SAMPLE | DEPTH
{taar) :«:-.:21 & o MATERIAL DESCRIPTION e | TYPE | (Fuat)
SYMBOL CLASS crt':fé EEJLE.
0 0
i S5ILT: organie Ve | M
2 SAND (TILL): Vx| L E
silty, low-nonplastic, stones
brown =
4 4
é &
8 8 -
10 10
o - siltier 12
14 14
16 16.0 - — 16 <
CLAY (TILL): silty, sondy,
high plastic, coal, rust,
18 stones, grey > 18 4
bt
20 20.0—' £0ib OF HOLE 20,0 20

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTQORY
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DETAILED DRILL HOLE LOG

SITE NO. FN 29

HOLE NO. 754

DATE: MAR. 5, 1973 |LOGGED BY: [ PEMCAN XI R.M. HARDY & ASSOCIATES

BRILLING METHOR:I¥) convenTtional [ ElRcOLATION [ OTHER:
DEPTH St UMIFIED GEE%';E:TIU:’JCSE SAMPLE | DEPTH
thoar) | S to | GROUP MATERIAL DESCRIPTION TYPE | (feat)
SYMBOL Cuass | class | conn
B
GRAVEL (TILL):
sandy, silty, rust and coal 2
specks, cobbles, brown NF
4
4 —
T L o e e [ e O e L 8 —
- sandier
10 —
12
14 —
16.0 16 4
CLAY (TILL): Mbn
sandy, silty, rust and coal
specks, stones, medium plastic, 18 -
brown
20.0— END OF HOLE 20.0' \ 20 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICEs "72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 29

HOLE NO. 756

DATE: MAR. 5, 1973 |LOGGED BY: [ PEMCAN & R.M. HARDY & ASSOCIATES
DRILLING METHOD! [g] cowﬁfﬁmum O é:'gcﬂﬂ'fr%ﬁ [J OTHER:
DEPTH — UNIEIED GE?‘.‘ILI{I';‘;}?TIG:I{SE SAMPLE | DEPTH
taar) | S | Grour MATERIAL DESCRIPTION , | TYRE | (haar)
SYMBOL CEAAE P i
0 - 0 -
Cl CLAY (TILL): silty, rust and
9 coal specks, stones, medium Vs | M 2
plastic, brown =
4 s e e s e ] 4 —
- sandier
- cohbles ¥ L
& - boulders Nbn | L 6 —
8 el & 8
. W L
10 A 10
MNbn
124 \ 12 —
]4 & s ]4 =
16 164
18 :f-:'::. 3 ._‘ 42 e e R T e s s Gt o e St e ]8 —
] - EI'E}" an
20 20.0— ENID OF HOLE 20.0' Y 20 +
GOVERMNMENT OF CAMADA
DEPARTMENT OF INDIAMN AFFAIRS
AND NORTHERN DEVELOPMENT E e 15,
GRANULAR MATERIALS INVENTORY AT BESICER e
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SUMMARY OF LABORATORY TEST

DATA
Sample Location: FN 29/DH 2 FN 29/DH 3 FN 29/DH 3
Sample Depth (Feet): 10.0 7.0 10,0
Moisture Content (%%): 3.7 3.5 4.8
lce Content (9): = o -
Organic Content (%): = - -
GRAIN SIZE DISTRIBUTION:
Stavg), S Cuuriesﬂlr:idlu?nul.;nn Gnurf:llll'_dgdiu:ir;:n. iy, Sites
Selve Sizes
ook 2 mds g %5 %15 %ap %ap%:5%00 %00
il LT T T TI ||:|||' 1L 1| IAE I I T
“ 1| -|——.-._' 1 1 11 I "»h ]
%0 | -\ "y | * 1 | |
80 ' Na—tDH{Z %\ 1 I |
! My 10’ SNy DH-FTT 11
TO | \ \.'n 'Iﬂ' 2 S III
L] l | -_;\-_:'.\ “‘E 0 b I |
I = | Y T
Eﬁﬂ ?-JI! ’ \h\ ‘L\\\ \_\ll |
e . - b RTT]
£ | b w!
o NN LY ]
] AN 2 R 2
- | \\\\.‘ \ | ™ \\ ]
Zag | | LN T i | ~>JI]] )
| l \.\_ \ || :""'."l_ |
| ] | S Tl 11 hen |
e O . i L I = i
i ] | [T h"'_"!"“—-l:g_ [ [
100 1] g a1 o-a1 o001 o-00gn
Groin  Size — Millimetras
AGRREGATE FINE AGGREGATE
—————————— Particle size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS: (FN 29/DH 3 ot 10.0%)
Limestone and dolomite (sound) 56.4%
Quartzite 31.0%
lgneous 8.2%
Chert 2.5%
Deleterious ferruginous siltstone and
sandstone 2.0%%



SITE NO. FN 30X

Located approximately 1 mile north of Fort Norman along the eastern banks of the Great
Bear River, Site FN 30X consists of glaciolacustrine plain.

Type of Material: Sand; some silt, very fine grained.
Estimated Volume: Not established.
Assessment: Site FN 30X is not recommended for development because

of poor quality material. Material of the same quality is
available in the immediate vicinity of the townsite.

= e Al | weather road sevnsesienaes Required occess
————— Existing trails and cutlines S ibe LM T
seseasnsnnns Proposed Gas Pipeline * === == Proposed Mackenzie Highway
© DH Drill Hele # TP Test Pit
Airphoto No. A22887/108 Approximate scale: 1" = 3,000
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P PEMCAN SERVICES

ENVIRONMENT

Site FN 30X is located approximately 1 mile north of Fort Norman and extends upstream
along the eastern shoreline of Great Bear River for approximately 4 to 5 miles. The site,
consisting of glaciolacustrine deposits surficially reworked by wind action, forms the
plateau flanking the Great Bear River channel .

The material at Site FN 30X consists of very fine grained, poorly graded sands with

relatively high silt content. This silty sand is considered quite frost susceptible and un-
svitable for most construction requirements.

The adjacent terrain to the east is relatively flat, poorly drained, has numerous small lakes
and bogs and supports moderately dense growths of spruce in excess of 30 feet in height.
The western periphery of the site is incised with numerous, steep, dry, erosional gullies.

There are no known critical wildlife areas in the immediate vicinity of this site. However,
this site is opposite and slightly downstream from the mouth of the Brackett River which is
reported to contain gravel spawning beds which are utilized by grayling.

An existing seismic line traversing the entire site area, represents the only available access.
The proposed Mackenzie Highway is located 4 mile immediately south of the site.

DEVELOPMENT

Site FN 30X is not recommended for development because the in situ material encountered

to depths investigated is of very low quality and similar material is available in the immediate
vicinity of the townsite (ref. Site FN 14). Moreover, the access to the site i across @

poorly drained terrain which may, locally be thermally sensitive, especially if protective
vegetation cover is removed.

e g, |



DETAILED DRILL HOLE LOG

SITE NO. FN 30X HOLE NO. DH-1
DATE: FEB. 2, 1973 LOGGED 8Y: X PEMCAN 0
ORILLING METHOD: %) conveNTionar [J Abcirasiost, ] oTHer:
DERTH UMIFIED GE%%%ETIDL%E SAMPLE | DEPTH
hear) | S5 | srour MATERIAL DESCRIPTION — : TYPE | {feur]
sYmBoL CLASS | CLASE | Comt
0 - 3 (iomd
o oL TOPSOIL: little silt, organic,
N\ BE fibrous, dark brown to black
SAND: trace silt, fine grained, i
I ed
poorly graded, grey Vi o
7 3
Z o
8 —
—
M.C.} 10 —
SM-SP | C;fz
- silt pockets from 11.0" 12
14 —
16 —
18.0 18 —
TOTAL DEPTH 18.0"
20 — 20 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 30 X

HOLE NO. pH-2

DATE: rpg, 2, 1973 |[LOGGED BY' [3 PEMCAN i
DR ICKENG: METRO DY s R onikL ) CIRCULATION [ OTHER:
DERTH CRAFH UNIFIED GE%%%ETIOLEE SAMPLE | DERTH
[fuwr) RAISEY GROUP N‘I.ATERIAL DESCR'PT[DN 3 TYPE | (fawt)
= sYmaoy ?frsli chf':'scs' g;'rﬂ?
e Pt TOPSOIL: trace silt, organie, Vs =
10 =~_ fibrous, dark brown S
o Vi
SM-SP SAND: trace silt, fine grained, & | M 2 —
poorly graded, frequent clean Vs
sand layers +' fo 1.0 thick, grey
4 — 4 -
& — & —
8 — g =
10 — 10 <
12 12
14 14 -
5.0
TOTAL DEPTH 15.0°
16 -4 16 —~

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMEMT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 30X

HOLE NO. DH-6

DATE: FEB. 2, 1973 LOGGED BY: Xl PEMCAN

O

SAMPLE

DRILLING METHOD: AlR AR REVER
K] conventionar O Rclisioh [ oTHER:
GROUND ICE
DEFTH UNIFIED CONDITIONS
[Fwar] SRR GROUFP h"\ATERhﬁiL DESCRJPTEDN
SYMBOL SYMEBOL GEN'L M.RE EST'D

CLASS | CLASS

COMT.

TYPE

DERTH
{Foat)

0 ey
'h\’t TOPSOIL: trace silt, high
- organic, fibrous, dark brown

Vs H
SAND: trace silt, fine grained, W
SM-SP poorly graded, grey &
Ve

M

Ve L

220

TOTAL DEPTH 22.0
25 4

10

15 —

20

25

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. FN 30X

DETAILED DRILL HOLE LOG

HOLE NO. 81

112

DATE: pEC, 12, 1972

DRILLING METHCD: )

DEPTH
[fmut)

0 =

12 5

18

21

GRAFH
SYMBOL

DEPTH
{Fomt)

LOGGED BY: ] PEMCAN  [® R.M. HARDY & ASSOCIATES
conventional [ SR REVERSE 1 oruer:
UMIFIED GEEL;IPEETIDLESE SAMPLE
GROUP mTERlAL DESCRIPTIDH TYRE
SYMBOL GEN'L | M.RC. | EST'D
CLASS | CLASS | CONMT.
Pt ke PEAT: Category i 4 Nbn
SAND: silty, non-plastic,
brown
40— - —— e T e e e ]
A -slightly clayey
iy, | T N S A T |
=silty
[Bl——— —— . — e ]
- slightly silty
23.0
CH 240 — CLAY: high plastic, grey Vx | M
END OF HOLE 24.0

0 —

| .3

15

18

g K2

24 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERvVICES "72"
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SITE NO. FN 30X

DETAILED DRILL HOLE LOG

HOLE NO. 81 113

DATE® DEC. 12, 1972

LOGGED BY: D PEMCAN

B R.M. HARDY & ASSOCIATES

DRILLING METHOD: &

AIR AIR_REV
CONVENTIONAL [J cﬂg:._”_ﬁ%ﬁ [] oTHER:

DEFPTH
{Fawt]

GRAPH
SYMBOL

ﬂ_-r

12

15

18

21

24

DEPTH
[Fant)

UNIFIED GE%L:;;?TIG;I%E SAMPLE
GROUP MTEHAL DESCRIPT}DN I TYPE
SYMBOL CiAsS e Sotiy
'1-1. Pt PEAT: category 74 —
SM SAND, SILT: fine sand, Nbe
silty, non-plastic, brown
MNbn
Bl o oo i i s
- very silty
- low plastic
O = — -
- lesssilt
- non-plastic
230 - ,
en_ X CLAY: high plastic, grey Vx | M
END OF HOLE 24,0

G_

12

15 -

18

s

24 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SeERvICES "72"

30-7



SITE NO, FN 31

Located approximately 2z miles west of Fort Norman, Site FN 31 consists of a fluvial
fan deposited at the mouth of a former meltwater channel .

Type of Material: Sand; some silt, gravel pockets.
Estimated Volume: 75,000 cubic yards.
Assessment: Fair quality material for embankments, building pads and

other general fill purposes. The proposed highway crosses
the site area.

Mn_;fﬂ..r:.'z_f;e." :
fiver | ¥

LEGEND
== —— Al| weather road sereneesenee Required access
————— Existing trails and cutlines  -——-——-Site limit
sassssansnns Proposed Gas Pipeline » === == Proposed Mackenzie Highway
© DH  Drill Hole TP  Test Pit
Airphoto No. A22889/147 Approximate seale: 1" = 3,000
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ENVIRONMENT

Site FN 31 is located on the proposed Mackenzie Highway right-of-way, approximately
23 miles west of the Great Bear River. [t encompasses a shallow and flat fluvial fan
approximately 1000 feet wide and 2000 feet long. The fan had been deposited at a mouth
of a gully incised into a rolling and ridged ground moraine composed of glacial till.
Southern reaches of the fan overlie a gently sloping glacial lake basin with deltaic sands
and silts at the ground surface.

The in situ material ot Site FN 31 consists of medium to coarse grained sands with isolated
pockets of medium to coarse gravel. The organic topsoil layer is generally about 2 to 3
feet in thickness, and supports a moderate growth of spruce with occasional stands of poplar
and birch. The surficial drainage of the site area is to the south.

There are no known critical wildlife areas in the immediate vicinity of the site.
The proposed location of the Mackenzie Highway traverses the site thus providing excellent
future access. Any proposed development of Site FN 31 for the granular material require-

ments for the community of Fort Norman will entail g major river crossing of the Great
Bear River.

DEVELOPMENT

The results of the winter drilling program have confirmed the following conditions relative to
the quality and quantity of available granular materials at Site FN 31

= The quality of granular materials available af Site FN 31 varies from medium grained
sands to isolated pockets of gravel. The detailed description of the subsurface conditions

is noter on the individual drill hole logs.

= The depth of overburden is relatively shallow and varies from g few feet to o maximum of
about 5 feet.

= In general, it is considered that the granular materials from this site are marginally suit-
able for general fill material in the "Pit Run" condition for building pads, road bases

and utility berms.

= An estimated quantity of 75,000 cubic yards of granular materials is available at this
site., :

The following guidelines for borrow pit operations should be followed if Site FN 31 is
developed at a future date:

= Adequate buffer zones of existing tree growth should be retained between the proposed
Mackenzie Highway route and any proposed borrow pit development.

=  The existing tree growth and related vegetation should be cleared and removed from
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borrow pit locations in accordance with current land use regulations.

The thin veneer of overburden should be stripped, removed and stockpiled in designated
locations adjacent to the borrow pit areas.

The use of conventional excavation equipment such as dozers, overhead loaders,

backhoes and light ripping equipment is considered adequate for removing material
from this site.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

Precontouring of the pit area to provide general drainage compatible with the natural
drainage of the adjacent terrain.

Replacing stockpiled surficial waste material onto the abandoned borrow pit areas.
Reseeding of the recontoured pit areas may be considered, although existing cutlines in

the area indicafe that understory growth and eventually spruce will be naturally re-
established.
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DETAILED DRILL HOLE LOG

SITE NO. EN 31 HOLE NO. c 471
DATE® FEg, 6, 1973 [LOGGED BY: [ pEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [7) CGN'I.I'E?I"&B!ONAL O éllgcgfﬁ?gil [] OTHER:
DEFTH UMIFIED Ggg“%?ﬂﬂ;-‘? SAMPLE | DEPTH
[fout) ;;‘;L‘: L MATERIAL DESCRIPTION : | TYPE | {feur)
: SYMBOL ks Byt Egm?
Pt o, MOSS 2 o v
oM SILT: organic
2 2.0 2 —
SM SILT: SAND; (TILL):
- low plastic b
4 = brown 4 -
- trace of clay
6 B0 e e e =
- sandier
= less clay
B - pebbles - cobbles B
10 10 —
12 12
2 13.0~4 - Jarge boulder Y
13.5
14 END OF HOLE 13.5' 14 —

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. FN 31 HOLE NO. 515
DATE: rpp, 14, 1973 |LOGGED BY: [] PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [X] onvenFionaL O CIR-BEYERSE [ oTHER:
DEFTH UNIEIED GE%L:I'E?TJGII‘ICEE SAMPLE | DEPTH
{Fawr] ;:::: GROUP MTER!AL DESCR[PT'DN P , TYPE [Fuer)
- SYMBOL it i E;L?
0 —
Pt PEAT: category #6
1.0 Vx | M
2 cl CLAY (TILL): £
- sondy, silty Vx | M
= stones
4 - medium plastic 4 —
- brown
----- . .eobbles Wt
é 6
8 43
w1 - - sond pockets L
14 W~
5.0
SM SILT - SAND:
16 - low plastic 164
- brown
18 18 —
20 20.0~ END OF HOLE 20.0' i i

GOVERNMENT OF CAMNADA
DEPARTMENT OF INDIAN AFFAIRS

AND MORTHERN DEVELOPMENT E
PEMCAN SeRvices "72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

iL'!;E.ND. FN 31 ‘ HOLE NO. 514
E:FER. 14, 1973 |LOGGED BY: [ PEMCAN O] R.M. HARDY & ASSOCIATES
DRILLING METHOD: [x] cowfﬁ%omm ] @‘l’gcﬁfiﬁéﬁa [J OTHER:
DEPTH Ghaiv UMIFIED GE%I:IND?TIDLCEE SAMPLE| DEPTH
(o) | SEMH | Grour MATERIAL DESCRIPTION 1 TYPE | [faar)
SYMAOL i :h:':_s'.:sf Eg'h:?
0 r —|
| ]
OM SILT:
5 — - l::rgu'nic : Vx [ M 9
[ - medium plastic
- brown
3.5
4 4 —
SP SAND: coarse grained
(TILL) Mbn
& ~ pebbles to 13"
L 6 =
= non plastic
- brown
~———==— = cobbles
8 - fine grained 8
_____ - pockets of coarse sand, grey
10 10 —
12 12 <
14 14 =
16 1461
18 i7.5
. END OF HOLE 17.5' 18

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. FN 31

DETAILED DRILL HOLE LOG

HOLE NO. 520

DATE: reg, 13, 1973

LOGGED BY: [ PEMCAN

[X] R.M. HARDY & ASSOCIATES

DRILLING METHOD: )

AIR_REVERSE

ATR
conventTional O circucation [ OTHER:

SAMPLE
TYPE

DERPTH
(Fuat)

peptH | UNIFIED R ONDITIONS
(Fanr) ::M::;I‘. GROUP MATERIAL DESCRIPTION
b GewL | nrc | esto
- CLASS | CLASS | conr.
OH CLAY: organic, high plastic,
dark brown Vs | M
2
2.8
Cl CLAY: silty, medium
4 plastic, brown
5.0
6
GP GRAVEL:
= sandy W
8 - non plastic
- brown
9.0
10
Cl CLAY (TILL):
- sandy, silty L
12 - stones
- rust specks
- medium plostic
- brown
14
15.0
L SM SILT - SA
- MND:;
- low plastic e
18
- |
20 200~ END OF HOLE 20.0'

10 =

12 —

14

18 —

20 -

GOVERMNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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GLOSSARY



Alluvium

Anhydrite

Annuals

Avtoclave
Expansion

Berm

Biotic
Boreal
Boulder

Cartographic

Clay

Cobble

Colluvium

Conglomerate

Crefoceous

Crystalline

Delta Deposits

=
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GLOSSARY

Stream deposits of comparatively recent time, does not include
subagueous deposits of seas and lakes.

A mineral, anhydrous caleium sulfate, CaSO
commonly massive in evaporite beds,

4 Orthorhombic,

A plant that lives only one year or season.
Laboratory test procedure as designated by ASTM~-CI51-63 for

determination of expansive qualities for all types of Portland
Cement and oggregate reactions.

A horizontal portion of an earth embankment to ensure greater
stability of a long slope.

Of or pertaining teo life or mode of living.

Pertaining fo the North.

A rock fragment larger than 8" in diometer.

Pertaining to a map. In geology a cortographic unit is a rock or
group of rocks that is shown .on o geclogic map by a single color or
poitern.

Soil particles smaller than 0.002 mm. in diamefer.

A rock fragment between 3" and 8" in diameter.

A general term applied to loose and incoherent deposits, usually at
the foot of o slope or cliff ‘and brought there chiefly by gravity.

Rounded water-worn fragments of rocks or pebbles, cemented to-
gether by another minercl substance which may be of a siliceous or

argillacecus nature.

The third and latest of the periods included in the Mesozoic erq;
also the system of strata deposited in the Cretaceous period.

OF or pertaining to the nature of a crystal; having regular molecular
sirucfure,

An alluvial depesit, usually triangular, ot the mouth of g river.



Devonian

Dolomite

Ecol ogy

Ealian
Escarpment

Esker

Excess |ce

Founa

Flood Plain

Flora
Fossiliferous

Geomorphology

Glacial Till

Glaciofluvial

PEMCAN SERVICES

In the ordinarily cccepted classification, the fourth in order of
age of periods, comprised in the Paleozoic era, following the
Silurian and succeeded by the Mississippian, Also the system of
strata deposited af that time.

A mineral, CaMg (CO3)2, commonly with some iron replacing
magnesium; a common rock-forming mineral .

The study of the mutuol relationships between organisms and their
environments.

Deposits which are due to the transporting action of the wind.
The steep face of a ridge of high land.

A narrow ridge of gravelly or sandy drift, deposited by a stream
in association with glacier ice.

ice in excess of the fraction that would be retained as water in the
soil voids upon thawing.

The animals collectively of any given age or region.

That portion of a river valley, adjacent to the river channel,
which is built of sediments during the present regime of the stream
and which is covered with water when the river overflows ifs
banks at flood stages.

The plants colleetively of any given formation, age or region.
Containing organic remains.

The study of landscape and of the geologic forces that produce it.
It is the dynamic geolegy of the face of the earth. It concerns
that branch of physical geography dealing with the origin and
development of the earth's surface; features (landforms) and the
history of geologic changes through the interpretation of topo-
graphic forms.

Non sorted, non stratified sediment carried or deposited by a
glacier.

Fluvioglacial. Pertaining to streams flowing from glaciers or to
the deposifs mode by such streams.



Glaciclocustrine

Gravel

Ground Moraine

Gypsum
Heterogeneous

Hummock

Koarst

Lacustrine

Lichen

Massif

Meandering

Moraine

PEMCAN SERVICES

Pertaining to glacial -lake conditions, as in glacielacustrine
deposits.

Soil particles smaller than 3" in diameter and larger than 2.0 mm
in diameter.

A moraine with low relief, deveid of transverse linear elements.

Alabaster. Selenite. Satin Spar. A mineral, CaS0y, 2H50.

Monoclinic. A ecommon mineral of evaporites.

Differing in kind; having unlike qualities; possessed of different
characteristics; opposed to homogeneous.

A mound or knoll.

Mass of surface ice formed during winter by successive freezing of
sheets of water seeping from the ground, a river or spring.

A mound composed chiefly of gravel or sand, whose form is the
result of original deposition medified by ssttling during the meli-
ing of giacier ice against or upon which the sediment is accumuiated.

A limestone plateau marked by sinkholes and underlain by cavernous
carbonate rocks having subterranean drainage channelways that
largely follow solution-widened joints, faults, and bedding planes.

Preduced or belonging to lakes.

Any of a group of low growing plani formations composed of a
certain fungi growing close together with certain algae.

A French term adopted in geology and physical geography for a
mountainous maoss or group of connected heights, whether isolated
or forming o part of a larger mountain system.

Condition of river that follows & winding path owing to natural
physical causes not imposed by external restraint. Characterized
by alternating shoals and bank erosion.

Drift, deposited chiefly by direct glacial aetion, and having con-
structional topography independent of control by the surface on
which the drift lies.



Morphological

Muskeg

Ordovician

Perennial

Permafrost

Petrography

Proglacial

Sand

Screes

Silurian

Sinuous

Slepe Wash

Taiga

PEMCAN SERVICES

The scientific study of form. Used in various connections, e.g.
landforms (geomorphology).

The term designating organic terrain, the physical condition of
which is governed by the structure of peat it contains and its re—
lated mineral sublayer, considered in relation to topographic
features and the surface vegetation with which the peat co-exists.

The second of the periods comprised in the Paleozoic era, in the
geological classification now generally used. Also the system of
strata deposited during that period.

Lasting through the vear.

The thermal condition under which earth materials exist a g temper-
ature below 32°F continuously for a number of years.

The branch of science treating of the systematic description and
classification of rocks.

Pertaining to features of glacial origin beyond the limits of the
glacier itself, as...streams, .. .deposits, .. .sand. '

Soil particles smaller than 2.0 mm. in diameter and lerger than
0.06 mm. in diameter.

A heap of rock waste at the base of a cliff or a sheet of coarse
debris mentling o mountain slope.

The third in order of age of the geologic periods comprised in the
Paleczoic era, in the nomenclature in general use. Also the system
of strata deposited during that period,

Winding or curving in and out.

Soil and rock meterial that is being or has moved down o slope pre-
dominantly by the action of gravity assisted by running water that
is not concentrated into channels,

A Russian word applied fo the old, swampy, forested region of the
north. . .that region between the Tundra in the north and the
Boreal in the south.



Talus

Terrace

Tertiary

Thermal Regression

Thermokarst Lake

Tundra

Turbid.

PEMCAN SERVICES

Coarse angular fragments of rock and subordinate soil material
dislodged by weathering (temperature and moisture changes) and
collected af the foot of cliffs and other steep slopes and moved
downslope primarily by the pull of gravity.

A relatively flat elongate stairstepped surface bounded by a

steeper ascending slope on one side and a steep descending slope
on the other.

The earlier of the two geologic periods énmprised in the Cenozoic
era, in the classification generally used. Also the system of strata
deposited during that period,

The thawing of frozen ground due to surface disturbance, increas-
ing temperoture, etc.

(Cave-in Lake), lokes which occupy depressions resulting from
subsidence caused by thawing of ground ice.

Any of the vaost, nearly level, treeless plains of the Arctic Regions.

Having the sediment stirred up hence muddy, impure.
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EXPLANATION OF TERMS AND SYMBOLS

DRILL HOLES AND TEST PITS

These pages present an explanation of the terms and symbols used in summarizing the
results of field investigotions as presented under Site Descriptions. Specifically, the
explanctions refer to the sheets entitled "Log Description and Loberatory Test Data".
The materials, boundaries, and conditions have been established only at the test
locations and could differ elsewhere on the site,

TEST PIT LOG DESCRIPTION

Soils of different engineering classification are commonly grouped generically for ease
of reference, Seepage and the water level are indicated beside the graphical represent-
ation. They are followed by group symbols (according to the Unified Soil Classification
System) and depths at individual soil type boundaries. Frost penetration is indicated to
the left of the graph symbol as illustrated below:

@ —
S 3 2 (e
= e = W
55 % H
5 & 5 S
o X o =
2 O 0
Y Peat; fibrous, wet
0.3
Clay; organic, high plastic
1.0
: L *
N Sand; little silt, poorly
£ graded, saturated
5
2.5
r%)-,\
3, Gravel; some sand, well
)}i graded, saturated, from 3 ft.
iegae frozen. Pebbles to 2 in.
5.0

wi
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DRILL HOLE LOG DESCRIPTION

The general information, indicating Site No., Hole MNo., Date drilled, Drilling Method
and the firm responsible for the acquisition of the drill hole data designated under "Logged
By", is noted in the upper portion of the standard "Detailed Drill Hole Log" form.

The detailed sub-surface information at each drill hole location has been presented in @

columnar form as noted on the "exhibit™ drill hole log data sheet on the following page.
A description of each column used is ouflined herewith:

Column 1 and 9:  Depth scale outlining increasing depth of drill hole below existing
ground surface.

Column 2; Graph Symbol to pictorially illustrate major soil divisions encountered
in the drill hole. A detailed definition of each graph symbol is
explained in the Materials Classification section of the Terms and
Symbols.

Column 3: Unified Group Symbol indicating the abbreviated material classifi-
cafion in accordance with the Unified Scil Classification system. A
detailed definition of each Unified Group Symbol is explained
under the Materials Classification heading in the Terms and Symbols
section of the glossary.

Column 4: Materials Description contains the engineering classification of each soil
strata encountered in accordance with the eriteria outlined in the

Materials Classification heading in the Terms and Symbols section
of the Glossary.

The depths of ground weter level and the interface between different
soil strata are indicated on the extreme left of this column.

Column 5: General Classification of Ground lce Conditions indicates whether the
material was frozen or unfrozen at the time of drilling.
Coelumn 6: M.R.C. Classification of Ground lce Conditions contains abbreviated

symbols for ground ice in accordance with the National Research
Council of Canada's "Guide to a Field Description of Permafrost for
Engineering Purposes", Technical Memorandum 79. A detailed
cutline of the N.R.C. clossification is contained in the "Ground lce
Classification" heading in the Terms and Symbols Section of the
Glossary.

Column 7 Estimated Content of Ground lce Conditions refers, generally, to the
visual estimate of ice content in the soil formations encountered during
the drilling progrom. The following abbreviations hove been utilized
for estimated ice content:

Vil



Column 8:

n o,

NAAM._

“H]r:_'

P PEMCAN SERVICES

indicates Low ice content with generally less than 10% ice.

indicates Medium ice content with generally 10% to 50%
ice.

indicates High ice content with generally in excess of
50% ice.

Semple Type indicates the depth intervals where field samples were
secured during the drilling program and the subsequent types of
laboratory tests conducted on each respective sample. The following
abbreviations have been ufilized for the various types of laboratory
tests conducted:

MC:-

GS:i-

designates moisture content determinations.
designafes grain size analyses including hydrometer fests.
designates Petrographic analyses.

designates Hardness Tests in accordance with the standard
"Morr" elassification for rocks and minerals.

designates Organic Content determinations.

vili



DETAILED DRILL HOLE LOG

SITE NO. 131 HOLE NO. DH-1
DATE: pep, 15, 1973 [LOGGED BY: [¥] PEMCAN O
ORILLING METHOD* [ eonveRtionar [ Sietration [ OTHER:
DEFTH UM IFIED GF&%';IJ%?HO[I-J{':SE SAMPLE | DEPTH
HETTA] ;1’2':‘ GROUP MTER];\L DESCR[FT[DN TYRE {leee )
MR symeon Cines | dlhss cont
0 -
oL Vit TOPSOIL: organic, dark brown NI L
o ]
GRAVEL: some silt, A}Hle sand,
gleisite frequent pebbles h::{r %rva, S
D b GM-GP occasional boulders, medium A Vs |[L-M 4 =
Lo brown
) x 6 =
AN
7.0 .
%
" e‘i% i
ML T: some clay, trace of rust KA
'Q:Z and coal specks, frequenf pebbles 4220
b 0t P S S N P
TG_-. | -}ll.lrl_" I.JL.-L.-U.:\:UJ:L.II- I-!U‘-lll—l"—ll-n?‘! ]
@ medium brown 0
12 12.0 12

TOTAL DEPTH 12.0°

GOVERNMENT OF CAMNADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

PEMCAN SeERvVices "“72"
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MATERIAL CLASSIFICATION

Soil types are designated by a modified version of the Unified Soil Classification System
("The Unified Scil Classification System", Technical Memorandum No. 3-357, Vol.l,
1953, the Waterways Research stafion, U.S.A.). The following page defines these
terms and symbols. Lefters appearing in parentheses denote visual identification which
have not been verified in the laboratery. If the soil falls close to the boundarias
established between the various greups a double symbol (for example GW-GP) is used.

Since the Unified Soil Classification System does not contain detailed subdivisions of
granular soils according to percentage proportions of secondary components, the ASTM
suggested method for identification of granular soils ("Suggested Methods of Test for
Identification of Soils", ASTM Procedures for Testing of Soils, 4th edition, December,
1964) is adopted for soil description as defined belows:

B Composite Sand=Gravel Soils Composite Sand=Silt Soils
Percentages Identification Percentages Identification
Gravel; trace Sand Sand; trace - Silt
20 to 10 95 to 5
Gravel; little Sand Sand; trace + Silt
80 to 20 ?0to 10
Gravel; some Sand ) Sand: little Silt
65 to 35 80 to 20
Gravel and Sand Sand; some Silt
50 to 50 65 to 35
Sand and Gravel Sand ond Silt
35 to 65 50 to 50
Sand; some Gravel Silt and Sand
20 to 80 35 to 65
Sand; little Gravel Silt; some Sand
10 to 90 20 fo 80
Sand; trace Gravel Silt; lirtle Sand
10 to 90
Silt; trace Sand




MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR S0ILS

GROUP GRAPH LABORATORY
MAJOR DIVISION SYMECL SYMEOL TYPICAL DESCRIPTION CL.&EFSEIII;_ICATIDN
ERIA
I__r...q_r ‘-,:, ?_u_l:i‘:"": F 3
cw DEISUE O e WELL GRADED GRAVELS, LITILE 0% NO — Do D3]
i np.c. ey o e Eu_.h_:}ﬁ e =11 3
B ELHENMGHH;EIF uﬂ“l:‘ n i'll:' ”'JD' 1 DByp X Dgy
= =5 [LIFTL: 0 FESESL L & Y e n. s
£ . E:': GP j-ﬂ-gﬂ ?D "E‘i""f?" 2z POOALY GRADED GRAVELS, AND GRAVEL. HOT MEETIMG
& Bssd TR e g S SAND MIXTURES, LITTLE OR NO FINES ALOVE NEQUIREMENTS
2| ZIge j-[jﬂgb?-.ha.t_-; -
= B GM  Pohod e SITY GRAVELS, GRAVELSAND-SKT ATTERBERS LIMITS
wi halbrEa LR MIXTURES COMTENT BELOW “A™ LINE
= DIATY GRAVELS e g A OF FINES Pl LESS THAS 4
EE AWITH S0ME NKES) EXCEEDS
pi Gc CLAYEY GRAVELS, GRAVEL-SAND-ISILT) 179 ATIERBERG LiMITS
23 CLAY MIXTURES ABOVE *4" LINE
o Pl MORE THAMN 7
o B
wo CRADED SANDS, GHAVELL 5 D 1o)”
g S\ WELL G ¥ sANDS, |- _ Deo 0
WS = Tad [p= =1t a3
B SR SANDS LITTLE Df NO FINES i 24 Cp By %o
5= ILTTLE §7 NG FINES)
L 5p FOORLY GRADED SANDS, LITTLE OF MO NOT MEETING
: i FIMES ABOVE RECUIREMENTS
= =
- = ATTERBENG LIMITS
E S SILTY SAMDS, SAMD-SILT MIXTURES BT BELOW “A" LINE
= ”ﬁ,ﬁ‘:‘agfmzﬂ OF FiMES P.L LESS THAM 4
HOSOl EXCEEDS
CLAYEY SANDS, SAMD-ISILT) CLAY : ATTERBERG LiMITS
sC MIKTLIRES e ABOVE A" LINE
Pl MORE THAK 7
w INDRGANIC ST AND VERY FINE SANDS, N
Su. W, < 50% ML ROCK FLOUR, SILTY SANDS OF SLIGHT
_ | wiEsEE PLASTICITY CLASSIFICATION
¥ | figgs 15 BASED UTOMN
= 2258 WS 50% MH INCRGANIC SILTS, MICACZOUS OF DIATO- PLASTICITY CHART
7 & MACEQUS, FINE SANDY O SILTY 505 (inn bekew]
o INORGANIC CLAYS OF LOW FLASTICITY,
S = o WL 30% cL GRAVELLY, SANDY, OR SILTY CLAYS, LEAN
as SEE S CLAYS
- £33 = SR —=
Bz | rafes ) 2 \ INCRGANIC MM PLASTI
26 | =:kuk 0T W, 0% ci “\“:w\}\\‘.“&k ary, sire cavs . <o
2. | UyEsE R
3= S i
A e i3 \Eﬁ} 3 INDRGANIC CLAYS OF HIGH FLASTICITY,
z=z W, 50% CH dary
£ L %.\3\\ FAT CLAYS
F ShRe
E w ’ WHENEVER THE MATURE OF THE FING
= £ W ORGANIC SILTS AN
e v, 5 W, <50 ol CLAYS OF Low Flacniemy  CANIC SLTY | CONTENT HAS NOT BEEN. NETERMINED,
g | 2dn.t I7 15 DESIGIATED BY THE LETTER “F™ £.G,
= |8z é;—.: EF 15 A MIXTURE OF SAND WITH 50T O#
o Eu Wy 5o OH ORGANIC CLAYS OF HIGH PLASTICITY i
HIGHLY ORGANIC 5OILS Bt PEAT AND OTHER HIGHLY ORGANIC SDiLs | STRONG COLOR OR ODOR. AND OFTEN

SPECIAL 5YMBOLS

REDROCH
AURDIFFEREHTIATLD)

SAMDSTONE

SHALE

LIMESTOMNE

TaLUS

[ongular rock froameats)

TILL
|mized siliy vond & cioy]

DOVERBLRDEN
(UNBIFTCRENTIATED)

LIMESTOME
[frogmants & blocka)

Al

50 ] ! I 8
PLASTICITY CHART CH
A FOR
SOILS PASSING NO. 40 SIEVE
# ; \}‘y
»x 0 3
) MH
g @ //
f-_— il
% a / / oH
oL
L 1 P I
a ‘..-;EL-[ML:,,?,’H"
L] by o] an Ak 5o 60 7o ED 0

EIQUID. LIMIT [%%)

ElL

125,

1. ALL SIEVE SIZES MENTIONED ON THIS CHART ARE LLS, STANDARD, A.5.T.0.

. DOUNDARY CLASSIRCATIONS POSSESSING  CHARACTERISTICS: QF TWO
GROLPS ARE GIVEN COMLNED GROUF STMDBOLS. E.G. GW-CC 15 A WELL
GRADED GRAVEL SAMD MIXTURE WITH CLAY BIMDER BETWEEN 5% AND
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GROUND ICE CLASSIFICATION

Group

Symbol

TABLE I
ICE DESCRIPTIONS
A, ICE NOT VISIBLE™

Subgroup

Deaoription

Symbot

Field Identificatisn

Poorly handed
or ?riab]a

Hf

Well-banded

No excess ice

Ezcoszice

Nb

E' Hhn
{ Nbo

Identify by wisual examinetion. To determine
presence of excoss ice, use procedute undaer
note™ and hand magoifying lens as necessary.
For eoils mot fully saturated, esfimale degres of
ice safuralion: medium, low. Nole presence of
crystals or ol ice coatings around larger pariicies.

! Frozen soils in tho W group may, on class examination, indicate presence of foe within
the vords of the materiel by crystalline reflections or by & sheon on Fractured or trimmed
surfuces. The impression received By the unaided eye, however, iz that none of the frozen

witor coocupies space fn excess of the ariginal vofds in the soil. The oppaosite iz true af frozes
sofls in the ¥ group (sce p, 14,

W When visual methods may be inadequate, a simple field tost fo 216 eviluntion of vealumes
of cxcoss ice can be made by placing some frozen soil in a smal] dar, allowing it to melt,
and observing the quantity of supernatant water as a percentage of tatal volirme,

INCHES

Ki
POORLY EONDED

LEGEND:

FIG A. ICE NOT VISIBLE

Nbn Hbe
WELL BONDLD - WELL BOWNDED -
NO EXCESS ICE EXCESS ICE
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TARELE I (coni'd)
ICE DESCRIFTIONS
B. VISIBLE ICE—LESS THAN 1 INCH THICK

Subgroup
Groep Fiald ldentificaticn
Symbol Depzription Symbal
Individual ica For ice phase, rocord the lollowing whan
cryelal or Vz epplicabla:
inclusicna Location Size
— Crinzintion Shaps
Ieo coatings Thicktoss Pattorn of arTangement
on particles Ye Loogth
Spacing
v Raodem or Hardness
irrogularly Vr Structure + par Group C (ses p. 15)
oriazied ice Calour
Iormabions Estimale volumo of visibla segregated jca
prosont as parcentage of letal sample volume.
Stratifiod er
distinely Va
orianied ice
formations

W Frozen sodls in the W group may,

on close examination, indicate presence of fee within

tha volus af the material by crystalline refiections or by a sheen on fractured or frimmed

surfaces. The impression rocesved by

the unaided eya, however, fa that nons of the froren

water occupies spoce in excess of the original vaids in the soil. The opoosite I8 frum of
frozen sodls in the V group.

FIG B. VISIBLE ICE LESS THAN ONE INCH THICK
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TABLE 1 (cont'd)
ICE DESCRIPTIONS
C. VISIELE ICE—GREATER THAN 1 INCH THICK

Field Tdentificalion

soil inclusions

Subgraup
Growp
Symbal Description Symbol
Teo with seil ICE 4+
inclusiong soil type
ICE
Ice without ICE

torms as {ollows,

Hardness
HARD
BOFT

(of maas, npl
individual
crystals)

Colour
{Examples):
COLOURLESS
GRAY

BLUE

Designate material as ICE®! and yes descriptive
. usually one item from each
group, when applicabla:

Structuraint

CLEAR
CLOUDY
POROUS
CANDLED
GRANIILAR
ETRATIFIED
.Pn:imf:;tuzeu
{Examplos):
CONTAINS
FEW THIN
EILT INCLUSIONS

s Where spacial farms of

tion should be divan,

8} Dbserver should be careful to avoid he
on tha joe,

fen such a3 hoarfrost ean be distinguished, more explicis descrip-

ing aisled by surface scratches or frosf coating

FIG C. VISIBLE ICE GREATER THAN ONE INCH THICK
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TABLE I
TERMINOLOGY

Iee Coatinds on Particles are discernible layors of ice found on or balow the larger esil particles
ia o frozon eoil mass. They aro eometimes associatod with hoarfrost crysials, whiszh have grown loto
voide produced by the fresring actan,

Jee Crystal is ¢ vory small individaal ico particle visible in the face of a scll mess, Cryetals may ba
precent slons or in comblostion with sther iee Iormaticas.

Clear lco is traneparect and contains only & modorate number of atr bubhlag,

Cloudy Iee is rolativoly opaque due to ectrained air bubhbles ar other rozsong, but which is ensentially
sound and non-parvious.

Poraws Iee coalaing numerous voids, usually inlorcornectad and usually resulizg from maolting al
air bubblos or along creetal intedzces from prossace of salt or othsr materials in the water, or from
{he freezing of saturated Fmow. Though porous, the mars reisins its glructural umnity,

Candled Feo iz ice that has rotted or othorwise formed ints long columnar crystals, vory loasoly bonded
fogethar,
Granular Ice la composed of coarso, more or lees equidimensional, lce crystals woakly bended
logether,

Fra Loangee ara lonticnler fea farmatinne in onil mectirring sotontally nnrallal bo neak sther, gonerells

nermal to the direclion of hoat loss and commonly in repeated layars, ~  C

Tce Sogredation in the growth of ice as disdoo lonson, layern, veing, and massas in goils commonly
but mat always, oriented oormal to directing of haal losge,

Waell-bonded clynitiss thet the soil particles are strangly held togethor by the ico and that the fraren
ooil possessas relatively high resislance ig chipping ot brasking, .

FPoorly-bonded nignifies that the sail particlos are woskly held logethor by tho ice and that the
frozon soil consequently har poor rersances to chipping or hroaking,

Friable dooofes extremaly woak band hetween sl particles, Material ia easily broken up.

Excess Ice donilies {co in excess of the fractiog that weuld ba relalned ap walor in tho soll voids upen
thawing,

For & mere completo lst of terms generally accepted and used in onrrent Literature on Fresl and

Permadrost sge Honnion, F. “"FROST AND PERMAFROST DEFINITIONS", Highway Resoarch Beard,
Bulletin 111, 1855.

v
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EXPLANATION OF TERMS AND SYMBOLS
WILDLIFE AREAS

Wildlife boundaries and information presented in the Community and Intercommunity

reports has been extracted for the most part from publications prepared by the Canadian

Wildlife Service, Government of Canada.

The terms "critical” and "important™ as used to designate certain wildlife areas can be

generally defined as habitat areas which are critical and/or important to the subsistence

and survival of various wildlife species.

COMMUNITY REPORTS

In each Community Study Area, known “eritical” and "important” wildlife, waterfowl
and fishery resource areas are outlined on the respective mop presentations. Any
wildlife, woterfowl or fishery resource area which is acknowledged as being "critical”
is outlined in red and is noted with the word "critical™ within the boundary of the

respective area. Non-critical areas are outlined as follows:

- Wildlife areas are outlined in red.

- Waterfow| areas and, in the case of Fort Simpson, hunting locales, are outlined
in yellow.

- Fishery resource areas are outlined in blue.

Outlined wildlife areas include both regions of known wildlife habitation and regions

which have been historically trapped by northern residents.

Waterfow| areos include migration, staging, melting and nesting lecales which are of

significance in the respective Study Arsos.
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Fishery resource areas include migration, spawning and domestic fishing locales which

are of significance in the respective Study Areas.
Symbols used on the maps are illustrated and explained as follows:

e ————————- Approximate boundary of wildlife area.
Indicates which side of boundary line is area defined.
In other words the area below the boundary line is of

significance to wildlife.

-‘-‘--"'l-n - - - -
__——=Indicates migration routes: woterfowl and fishery resources.

=

el

=y mm—-———=——==Indicates known or potential spawning areas or domestic

fishing locales.

Partinent wildlife areos aore discussed in the Methodologv-Evoluation section of the text
in each community report. Similar documentation is also presented for sites which oceur

in significant wildlife areas in the Site Description section of the report.

INTERCOMMUNITY REPORTS

In each Intercommunity Study Area, known "eritical” end "importont” wildlife, waterfowl
and fishery resource areas are outlined on the respective map presentations. A brief
description relating fo the significance of each area is included within the outlined boundary .

Areas that are clossified os "eritical” are so noted on the maps.

Symbols used on the maps are illustrated and explained as follows:

5 Approximate boundary of wildlife area.

S
CTT=—-Indicates which side of boundary line is area defined. In

otherwords, the area below the boundary line is of signifi-

%vil
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cance to wildlife.

= - Approximate boundary of waterfowl area.

LLLLL

——

“=Indicates which side of boundary line is area defined.
In other words, the area below the boundary line is of

significance to waterfow|.

@----m——lndicuf&s broad migretion flyways utilized by waterfow! .

Significant fishery resource information such as migration roufes and potential spawning

areas is noted directly on the maps.
Pertinent wildlife areas are discussed in the Methodology-Evaluation section of the text

in each Intercommunity report. Similar documentation is also presented for sites which

occur in significant wildlife areas inthe Site Description section of the report.
g P P

®Viii
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