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PREFACE

The Government of Canada anticipated the potential need for extensive volumes of
granular material for proposed major construction projects in the area of the Mackenzie

River Valley ond initiated an investigation of granular materials in this region during
1972 and 1973, |

In September, 1972 the Department of Indian Affairs and Northern Development
engaged PEMCAN Services "72" to conduct Stage 1 of the Territorial Granular
Materials Invenfory. Stage 1 is defined as the area from Fort Simpson to Fort Good
Hope, N.W.T.

The objectives of this investigation were specified as:

Part 1: An investigation of the availability of granular material deposits within

a ten mile radius of the communities of Fort Simpson, Wrigley, Fort

Norman, Norman Wells and Fort Good Hope.

Part 2: An investigation of the availability of granular material deposits in the

intermediate areas between the respective communities.

Part 1 of the investigation for the granular materials has been carried out by PEMCAN
Services "72" in accordance with the Terms of Reference as specified by the Depart-
ment of Indian Affairs and Northern Development. The results of the investigation per-
faining to Part | are submitted in five separate reports which cover the respective comm-
unities within the Study Area. Part 2 of the investigation includes four separate infer-

community area reports and a summary section.

The Terms of Reference specified the following definitions and procedures:
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"Granular Material” is defined as all naturally occurring unconsolidated
material, and bedrock which can be processed for suitable engineering

consfruction.

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

Petrographic analysis

Moisture content

lce content

Organic confent

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

high priority granular material and bedrock quarry sites),

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

several pits can be developed in the some general areq.

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

community or to existing or proposed utilities,

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

minimize terrain disturbance.

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

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

materials are availabla.

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

required.

The successful completion of this study was 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
consulfants. In particular, we wish to acknowledge the assistance, guidance ond liaison
provided by Mr. H.D. Dekker, Chairman, and other members of the Granular Materials
Werking Group.
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INVESTIGATION PROCEDURE

Pertinent geological information was compiled for the Study from correlation of previous
reports of investigations conducted within the Study Area. These included Geological
Survey of Canada reports and open 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 ohbservation data.

Airphoto interpretation of prospective granular material sites was undertaken prior 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 test holes and
required access roads. Pertinent parts of these airphotos have been reproduced and used
as location plans for catalogued sites. Air mosaijcs showing revised route location for the
Mackenzie Highway were provided by The Federal Department of Public Works or their

respective engineering consultants,

The preliminary field work, carried out in September and October, 1972, commenced with
aerial reconnaissance in order to assess prospective sites. Selected sites were then investi-
gated by means of test pits which were excavated monually, logged and sampled to depths
of eight feet below the ground surface. Natural outcrops were also cotalogued and respec-
tive samples secured. On the basis of the airphoto interpretation and preliminary field re-
connaissance, Sifes NW T, NW 12, NW 14, NW 15, NW 16, NwW 18, NW 19 and NW 20
were slected for further detoiled studies during the winter drilling program which was under-
taken during December, 1972, and Jonuary and February, 1973. Additional field test
drilling of Sites NW 12, NW 14 and NW 18 was conducted by the engineering consultant
for the Federal Depertment of Public Works, in conjunction with their geotechnical study
for the Mackenzie Highway route in this area. The data from their investigation hos been

incorporated into this report.
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The potential quantities of aveailable granular materials, availability of existing access
roads, drainage conditions, wildlife implications and the distance from the community
were considered for selecting sites for more detailed investigations. Smaller or more marg-
inal deposits have been recorded but were not studied in detail because of remotensss from
the community or planned utilities. These sites, including these ultimately assessed as

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

A total of 21 sites were catalogued in the ten mile radius of Norman Wells (Figure 2). Of
these, fourteen sites were investigated to a greater detail by means of test pits and eight
sites by means of drill holes. Two additional sites were investigated by Geological Survey
of Canada personnel and partial information from their studies is incorporated in this report.

Seven sites that are not recommended for development are identified in Figure 2 by the

suffix "X" behind the site number.

Material samples secured from outcrops, test pits and drill holes were shipped to Calgary
for laboratory analyses which included grain size distribution, petrogrophic analysis, moist- -
ure content defermination and hardness tests. In specific cases the samples 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 ind-
ividual 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 gronular
deposit, the average thickness of individual deposits was generally estimated from morpho-
logical and geological 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 droinage conditions and sloping around along the outer limits of the deposit.

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

are explained in the glossary.
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GEOMORPHOLOGY

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

e Mackenzie Plain = which covers both river banks and extends far

beyond the Study Area following the river channel.

- Franklin Mountains =which borders the Mackenzie Plain on its

northeost side.

The Mackenzie Plain is primarily covered by glacial, glaciofluvial and glaciolacus~
trine deposits. The glaciation has resulted in a generally flat to gently rolling
topography . The bedrock, predominantly sandstones, shales and carbonates, is
exposed in individual escarpments at the northeast margin of the Plain, and in deeply
incised tributary streams of the Mackenzie River. Main landforms and geologic

features are illustrated by Figure |.

Glaciation has produced morainal till deposits which were surficially reworked by

melt waters; these deposits were subsequently covered with glaciofluvial and glaciola-
custrine silts, cloys and sands. These deposits, covering the entire southwest Mackenzie
River bank, are also locally encountered along the northeast side of the river. Remnants
of beach ridges indicate individual stagnant stages of a former glacial lake basin. The
beach ridges on the northwest side of the Mackenzie River are relatively shallow and
consist of coarse granular deposits. Fine grained glaciolacustrine sediments, strand
lines and beach ridges on the southwest side of the Mackenzie River were reworked by

wind action which resulted in the development of longitudinal dunes.

The transitional zone between the former lake basin and Franklin Mountains exhibits a
greater relief as the terrain gredually ascends to the foot of Discovery Ridge. Devonian

crystalline and fossiliferous limestones are exposed in localized escarpments while less

3
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competent shales usually outcrop only in deeply incised stream channels. In general ,
the bedrock is covered by a relatively shallow layer of glacial and glaciofluvial
material which was reworked to variable depths by surficial erosion. Glaciofluvial
outwashes, channel deposits and eskers consist predominantly of sandy materials that

form thicker layers in o few localized areos.

The Franklin Mountains unit is represented by the rugged Discovery Ridge of the Norman
Range. Numerous exposures of Devonian limestone form steep walls with talus accumu-
lations of broken and eroded material at the base. The talus generally consists of
various sized limestone fragments and blocks. Relatively large fluvial fans, confaining

coarse grained material, are frequently formed ot the mouth of individual erosional

gorges.

Current erosional processes affect both the rock faces in the Discovery Ridge area and
the slopes along active stream channels. Stream beds contain granular deposits, the
grain size of which is inversely proportional to the distance of transport. With the
source of the material being in the Discovery Ridge area, the coarse deposits are gen-
erally encountered close fo the mountain side while the finer materials are carried
further downstream towards the Mackenzie River. Fluvial fans exist where stream courses
have an abrupt break in slope and at their confluences with the Mackenzie River. The

latter fans are generally below high water mark and contain fine grained material .

A shallow organic soil layer, topped with several inches of peat and moss is usually
encountered outside of rugged or recently eroded areas. Low and poorly drained terrain

is occasionally covered with a thicker organic section.

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

materials oceur:

“ Eskers (locally associated with kames) which contain both sand and

4
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gravel, with occosional silt and clay pockets. They are widely

scattered on the northern side of the Mackenzie River.

- Beach ridges, consisting of silty sands and gravels and located

east of Norman Wells.

- Dunes and strand lines containing poor graded, fine silty sand.

They are frequently noted on the south side of the Mackenzie River.,

- Fluvial fans and stream channels. Upstream portions of water courses
and associated fans on the northern side of the Mackenzie River con-
tain coarse material, while their downstream parts and all channels
within the southern section of the Study Area are predeminantly
formed by fine grained deposits. These materials are usually heter-

ogeneous and irregularly stratified.

- Talus, found northeast of Norman Wells, consists of various sized

limestone fragments and blocks with silt particles.

The bedrock expesed in the Kee Escarpment and in the front ranges of the Discovery
Ridge is suitable for manufactured aggregates. An active quarry is located on the south
side of the Kee Escarpment and quarried limestone has been widely used for construction

purpases in the townsite,

The Study Area lies within the discontinuous permafrost zone. Excess ice is common in
fine grained soils and its content usually ranges from thirty to sixty percent. Little or
no excess ice exists in coarse and well drained deposits. The average depth of the
seasonal freezing and thawing cycles is some three feet, but is apparently as much as

twenty feet in clean and well drained sands and gravels.




TERRAIN PHOTOGRAPHS

Southeost face of Kee Escarpment with the Norman Range

in the background. MNote active quarry operations (Ref.
Site NW 4).

Large sond dune located near Canol Camp on the south
side of the Mackenzie River (Ref. Site NW 5).
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ENVIRONMENT

The ten mile radius of the Study Area corresponds to the boundary of the Norman Wells
"Development Area" as enacted by the Commissioner of the Northwest Territories. Within
this "Development Arec" the Territorial Government, in the interests of the public, reg-
ulates and controls the orderly development of the area. Also within the Study Area is the
"Proposed Development Control Zone! as shown in Figure 2. It is proposed by the respect-
ive 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 Study Area is geographically located in an area that offers opfimum use and devel -
opment of both water and land environments. Based upon various components including
those of landforms, water, natural vegetation and aesthetics, the Study Area is rated
relatively high in terms of recreation and terrain values. This i particularly true on
the north side of the Mackenzie River where variable relief and vegetation are

enhanced by terrain types that range from river deposits to upland mountains.

The sensitivity and reaction of terrain to natural or articifically induced modifications
is generally related to the type of terrain which in turn reflects to a great extent the
physical nature of the terrain in terms of material type and ground ice conditions. The
relatively flat, low-profiled and generally fine grained terrain types, such as silt-
clay plains, beaches, river deposits and organic terrain usually contain moderate to
high ground ice content and can be readily disturbed because of low strength and high
compressibility values. Vegetated sites are susceptible to subsidence, slumping and
gullying if the vegetation is removed or highly compressed and disturbed, Thermokarst
subsidence, undercutting and channel shifting can also be expected, especially in fine

river deposit terrain.

Hummocky and rolling terrain os characterized by the till plains in the ares contain




&

PEMCAN SERVICES

moderate ground ice content. Localized contrasts in material type and 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 slumping and aullying.

Usefulness of till material as fill is usually limited by its ice content.

Upland mountainous terrain, as characterized by rock outcrops or bedrock thinly

covered with a veneer of debris, usually contains minimal ice content within the bed-
rock except for shale where fractures may be ice filled to depths in excess of 100 feet.
The overlying debris usually contains low to moderate ice content. Creep, slides and

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

In general, the more favourable granular material sites in the Norman Wells Study Area
tend to be located on 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. In 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 disfurbed. In these cases, sound development procedures such as the incorpora=-
tion 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.

Yegetation

In the central Mackenzie Valley the Boreal forest region of Canada is restricted to a
narrow band that extends along the Inner Mackenzie Valley. The Norman Wells Study

Area lies within the northernmaost reaches of this Boreal forest zone .

The dominant tree species in the Study Area are black and white spruce, tamarack,
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birch, willows and alder. The ground cover is predominantly mosses, lichens, sedges,
herbs and shrubs. The vegetation ranges from commercial growths on river islands and

alluvial flats to scrubby arowth and treeless muskeg.

Poorly drained alluvial sites commonly support growths of black spruce, ftamarack and
willows. Permafrost muskegs along river floodplains are generally freeless or support
dwarfed growths of black spruce. Well drained sites support black and white spruce,

birch and occasionally alder and willow.

Benchlaond areas that are underlain by fine-textured materials with shallow permafrost
generally support poor growths of willow, alder and in some cases, black and white
spruce. Well drained benchland areas generally support well developed growths of

bireh and spruce.

Vegetation on the mountain slopes range from spruce growth near the base to spruce and

some birch on the overburden-covered flanks.

In the Norman Wells Study Area, natural regrowth of vegetation on existing cutlines
suggests that in general, regeneration of disturbed areas will occur, especially if the
nutrient zones within the topsoil layer are left undisturbed. In some cases where borrow
pit developments are abandoned, it may be feasible to articifically reseed and fertilize
the area with annual and perennial stocks in order to promote growth cover prior to re=

establishment of natural vegetation.
Wildlife

Wildlife species of both Arctic fundra and Boreal forest utilize the Norman Wells Study
Area and adjocent regions. For the most part, this utilization by waterfowl, wildlife,
and fishery resources is based upon seasenal migration patterns that generally follow the

Mackenzie River Valley. There are no known critical wildlife areas in the Norman
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Wells Study Area; however, the entire Study Area is classified as an important wildife

region by the Canadian Wildlife Service.

The entire Study Area lies within a broad waterfowl migration and staging flyway that
generally parallels the Mackenzie River Valley throughout this region of the north.
From May through August this area is used by ducks for molting and nesting. Canada
geese, white-fronted geese, snow geese and swans use this area for fall migration and
staging. The central portion of the Study Area which includes the Mackenzie River,
the sandy islands, and both bank areas, is utilized during May by the various geese and

duck populations as a spring staging area (Figure 2).

Wildlife resources are trapped and hunted in the southern two-thirds of the Study Area.
Fall moose hunting along both banks and en the islands of the Mackenzie is prevalent.
Beaver, mink and lynx are trapped in this area, especially in the vicinity of Canol Lake
and Three Day Lake. The extreme northern part of the Study Area in the drainage

basin of Oscar Creek and Oscar Lake is trapped during fall and spring for beaver, marten

r

mink and muskrat. Both of these trapping areas are utilized for the most part by natives

of Norman Wells.

Fishery resources in the Study Area are those predominantly found in the Mackenzie
River, and include both resident species to the river and those that seasonally migrate
along and through the Mackenzie system. The southeastern portion of the Study Area
contains a drainage system that is of importance to both the fishery resources and the
natives of the area (Figure 2). At the mouth of Stewart Creek, gillnet fishing opera-
tions are carried out on a seasonal basis. MNatives in the area indicate that Stewart
Creek is used by grayling in migrating to and from Three Day Lake. This migration
route along Stewart Creek from the Mackenzie River to Three Day Lake is approximately

four miles in length.

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 reconnaissance

work and detailed field drilling data.

The approximate quantities of granular materials required for the Norman Wells 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 (Sand) ...... e A 40,000 cubic yards
Coarse grained oggregates (Gravel) vvvuueervninrnnn. ... 60,000 cubic yards
Material suitable for building pads, roads,

T T ¢ 800,000 cubic yards

The results of the completed study indicate that the availability of easily accessible quality
granular materials for exploitation in the Norman Wells Study Area is relatively limited.
The following sites are recommended for development and/or continued development of

granular materials for the requirements of the Norman Wells community .

Site NW 4: Located approximately four miles northeast of Norman Wells in the prominent
ridge known as Kee Escarpment, this site has virtually an unlimited quantity
of limestone bedrock which can be utilized in the production of various
categories of granular materials for mest construction requirements. Pro-
duction of granular materials from this site will entail g quarry operation
with related blasting and crushing procedures. This site should be considerad

as a primary source of granular materials because of the following reasons:

- An existing quarry is currently in operation for the exploitation of

granular materials for Norman Wells.
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= An all weather road has been constructed to the existing quarry site

and provides excellent access to Norman Wells.

= The availability of granular materials at other sites in the Study Area
is relatively limited. The other sites also require the preparation of

additional access from the townsite.

The detailed assessment and recommendations for the proposed development
and exploitation of granular materials from Site NW 4 is outlined in the

Site Description section of the report,

Site NW 15:  Located approximately four miles north of Norman Wells, Site NW 15
consists of a series of eskers, kames and other ice contact deposits encom-

passing an area on both sides of the Bosworth Creek stream channel .

This site has an estimated quantity of 1,000,000 cubic yards of fine grained
gravels which may be suitable for the production of base course, surface

course and general utility fill requirements.

Development of this site should provide for abuffer zone of adequate width
and breadth between the final limits of the borrow pit and the existing stream

channel, waterfall and hiking trail .

The detailed assessment and recommendations for the proposed development
and exploitation of granular materials from Site NW 15 is outlined in the

Site Description section of this report.

Site NW 8: Located approximately eight miles northeast of Norman Wells, Site NW 8
consists of a lorge alluvial cone which has an estimated quantity of 1,000,000
cubic yards of well graded, coarse grained gravels which are suitable for

utilization os base course, surface course and general fill aggregates in the
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construction of roads, wirstrips, building pads and utility backfill operations.

Proposed development and exploitation of granular materials from thic site

will involve the construction of new access roads and the upgrading of the

existing frail to Fish Lake.

The detailed assessment and recommendations for the proposed development

and exploitation of granular materials from Site NW 8 is outlined in the

Site Description section of the report.

Located approximately ten miles northeast of Norman Wells, Site NW 19
consists of o small kame-esker complex which has an estimated quantity of
1,000,000 cubic yards of medium grained clean sands with interbedded
strata of fine to medium grained gravels. This material is of excellent
quality for utilization as fill for most construction requirements and the
production of good quality concrete sand is feasible with minor sereening

of the pit run aggregate.

Currently, the access to the site is very difficult. However, if the proposed
Mackenzie Highway is constructed in its latest alignment, then good future

access to Site NW 19 from the community of Norman Wells is possible.

Therefore, in view of the general scarcity of naturally occurring good quality
granular materiols in the Norman Wells Community Study Area, Site NW 19

may be of significance for future granular material requirements.

The detailed assessment ond recommendations for the proposed development

and exploitation of granular materials from Site NW 19 is outlined in the

Site Description section of the report.
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In addition, smell volumes of marginal quality granular materials which may be utilized for
the construction requirements of local utilities, are exploitable from Sites NW 12, NW 14
and NW 18. The detailed assessment, and recommendations for the proposed development
and exploitation of granular materials from these sites s outlined in the Site Description
section of the report.

Site locations and physical and environmental data on each site within the Norman Wells
Community Study Area are tabulated and presented in map form on Figures 1 and 2 respec-

tively. A synopsized tabulation of pertinent information for each site is tabulated and roted

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 fype, suitability
of material, estimated volume, recoverable depth, overburden characteristics, ground ice

content, drainage, method of extraction, haul distance, environmental considerations and

assessment.

ESTIMATED VOLUME is calculated by means of various parameters including drill hole and
test pit data, airphoto interpretation and geomorphology. Adjustments have been made for

irregular topography and stream dissection.

RECOVERABLE DEPTH is determined by various 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 granuler materials. "Conventional” as used, indicates the utilization of
standard excavation equipment such as bulldozers, overhead loaders, backhoes and light

rippers.

14
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HAUL DISTANCE is the distance along existing and/or propesed access from the site to the

community centre.

ENVIRONMENTAL CONSIDERATIONS include any salient factors related to wildlife,
waterfowl and fishery resources, archealogical sites and potential terrain sensitivity of the
site and adjacent areas including proposed access routes. |f any environmental implications
are considered to exist at a particular 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 relotes to the evaluation of each site in terms of recommendations
for development, nondevelopment or possible future development of potentially recoverable

granular materials at each site investigated in the Study Area.

These recommendations are based upon an assessment of all known data on each respective
site including location, access, physical characteristics, environmental considerations,
development procedures and quantity, quality and suitability of material as related to

projected granular material requirements for the community .

A detailed evaluation of each site investigated in the Study Area is decumented in the Site

Description section of the report,
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MATERIAL TYPE EST'D. OVERBURDEN
SUITABILITY ESTIMATED [RECOV. GROUND METHOD HAUL ASSESSMENT
OF VOLUME |DEPTH DEPTH ICE OF DIST, | ENVIRONMENTAL OF
SITE NO.| DESCRIPTION | SYM.| MATERIAL (cu.yds.) | (feet) | TYPE | (feet) | DISPOSAL (Content) DRAINAGE | EXTRACTION |(miles) | CONSIDERATIONS SITE
Nw 1 Gravel; sandy GW | General Fill 30,000 10 | Topsoil 7 Strip & Moderate | Fair; o South-| Conventional 34 Mo Detrimental Effects| Active; Continue
& Silr Stockpile at 3' to 5' east To Wildlife Development
NW 2X | Sond & Gravel GM | General Fill 100,000 4 |§il, t - Nene Into Stream Conventional = Very Severe; In
organic Channel Active Stream Channel| Not Recommended
NW 3X | Gravel; sandy GW-| Base & Surface 150,000 4 |sily, 1 = None Into Stream Conventional 2 Very Severe; In Mot Recommended
GM | Courses; arganic Channel Active Stream Chonnel
General Fill
Nw 4 Bedrock; - All Construe- Unlimited | +100 | Collu- 2 Strip & Low Westerly Quarry; 4 Mot Critical Active; Continve
Limestone tion Aggregates vium Woste Blasting & Development
Crushing
NW 5 Sand; silty SP General Fill 1,500,000 +35 | Topsoil H Strip & None Well Drained | Conventional 8 Waterfowl Migration Active; Future
Stockpile & Staging Area Development
NW & Sand; silty SP General Fill 1,500,000 +20 | Topsoil 4 Strip & MNone ‘Well Drained | Conventional 10 Waterfowl Migration Future Development
Stockpile & Staging Area
NwW 7 Sand; silty SP General Fill 750,000 | +20 | Topsail ¥ Strip & Mone Well Drained | Conventional 84 | Waterfowl Migration Future Development
Stockpile & Staging Area
NwW B Gravel GW | Base & Surface | 1,000,000 % Nene - - MNone K Conventional B No Critical Wildlife Recommended For
Courses; Westerly Areas Development
Generel Fill
NwW 9 Gravel; sandy GW | Baose & Surfoce 700,000 - None - - MNone Good, Conventional 9k | No Critical Wildlife Recommended For
Courses; Westerly Areas Development
General Fill
NW 10 | Gravel; well GW | Base & Surfoce | 1,000,000 = Mone L - None Good, Conventional 4 Recreational Area Mot Recommended
graded, coarse Courses; Westerly
Beneral Fill
NW 11 Sand; silty SP General Fill 750,000 +10 | Topsoil b Strip & Nane Well Drained | Conventional 7 Waterfow! Migration Future Development
Stockpile & Staging Area
NW 12 | Sand; silty SW- | General Fill 200,000 +20 | Topsoil 1 Strip & None " Conventional 9 No Critical Wildlife Future Development
SM Stockpile Southerly Areas
NW 13X | Sand & Gravel GW | General Fill 500,000 5 |Silt, i Strip & MNone Poor Conventional 10 Fishery Resource Area | Not Recommended
organic Stockpile
NW 14 | Sand; silty SW- | General Fill 1,500,000 +20 | Topsoil 4 Strip & None Poor Conventional 2 No Critical Wildlife Future Development
SM Stockpile Areos
NW 15 | Gravel; sandy GW-| General Fill 1,000,000 +10 | Topsoil 3 Strip & MNone Poor; Conventional 4 Recreation Area; Future Development
GM Stockpile Southwest Active Stream Channel
NW 16X | Bedrock; - All Types of Unlimited | +50 Till +3 Strip & None Fair; Quarry; 7 No Critical Wildlife Mot Recommended
Limestone Construction Waste Southwest Blasting & Areas
Aggregate Crushing
NW 17X | Sand; silty SP General Fill 3,000,000 +10 | Topsoil 1 Strip None Well Drained | Conventional 17 Waterfow! Migration Mot Recommended
& Staging Areq;
Fishery Resource Area
NW 18 | Sond; SW General Fill 30,000 20 | Topsoil 1 Strip None Poor Conventional 9 No Critical Wildlife Future Development
Areas
NW 19 | Sand; SM General Fill 100,000 +30 | Topsoil 1 Strip None Fair; Conventional 10 Mo Critical Wildlife Future Development
Southerly Areas
NW 20 | Grovel; coarse,| GM General Fill 5,000 +5 Topsoil 3 Strip Mone 4 Conventional 4 Waterfow| Staging & Active; Continue
very silty organic Westerly Migration Areo Periodic Development
NW 21X| Limestone - General Fill 2,000,000 +40 | Collu~ -3 Strip & High at Good; Conventional & Mo Critical Wildlife Not Recommended
Fragments vium Waste +3 Northerly | With Crushing Ao
Notes:
- GROUND ICE (content): Roting and depth figures ore based upon depths of specific test pits.
- DRAINAGE: Rating as shown generally refers to drainage conditions within the site.
. METHOD OF EXTRACTION:  a) Generally indicates type of equipment needed for exploitation.
b "Conventional indicates use of standard excavation equipment such as dozers, overhead loaders, backhoes, light rippers.
- HAUL DISTANCE: Is distance from site to center of community,
- SITE ASSESSMENT: "Active" indicates site is currently or periodically being used.
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SITE NUMBER

NW 1
NW 2 X
NwW 3 X
NW 4
NW 5
NW 6
NW 7
NW 8
NW 9
NW 10 X
NW 11
NW 12
NW 13 X
NW 14
NW 15
NW 16 X
NW 17 X
MNW 18
NW 19
NW 20
NwW 21 X

F=
Bousi
=
b1
2
8-1
9 -1
10-1
-1
12 -1
13-1
14 =1
15 -1
16 - 1
17 -1
18 -1
19 -1
20 - 1
21 -1




SITENO. NW 1

Located approximately 3% miles east of Norman Wells adjacent to the existing all-
weather road, Site NW 1 consists of an occasionally operated community borrow pif.

Type of Material: Gravel; some sand, little silt
Estimated Volume: 200,000 cubic yards
Assessment: Fair quality material for general fill. This site is recommended

for granular materials exploitation for the periodic require-
ments of the community.

e, s
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ENVIRONMENT

Site NW 1 is located approximately 34 miles east of Norman Wells adjacent to the exist-
ing all-weather road and consists of o long, narrow, high terrace which parallels the
north bank of the Mackenzie River. The relatively flat site area is approximately 1000
feet from the north bank of the Mackenzie River where an existing borrow pit is currently
located and operated. Advanced clearing and stripping for the current borrow pit opera-
tions has resulted in the lowering of the ground ice table. The permafrost depth varies
from 3 to 5 feet below the existing ground surface in the adjacent undisturbed terrain.

The terrace material is predominantly fine grained soils whereas the coarser granular
material, consisting of well graded gravels, with some silt, ore encounfered in scattered
pockets. The horizontally layered silt, sand and gravel beds are of fluvial origin and
overlie shale and siltstone bedrock. The gravel stratum is covered by a silty overburden
layer approximately 6 feet thick.

An unnamed stream has eroded a relatively deep gully through the overburden info the
underlying shale bedrock and forms the natural southeost boundary of the existing borrow
pit.

The adjacent terrain is predominantly moss-covered and is underlain by @ % to 1 foot thick

organic topsoil layer which supports stands of spruce ranging to 14 inches in trunk digmeter.
The underbrush is dense and is comprised of willow with occasional alder.

The proximity of the borrow site to Norman Wells negates any major defrimental effects to
wildlife and waterfowl of the region.

The existing all weather road, immediately adjacent to the site area, provides excellent
access to the community of Norman Wells.

DEVELOPMENT

The data obtained from the drill holes conducted on Site NW 1 during the winter field
drilling program hes, generally, confirmed the initial findings of the preliminary field
reconnaissance. On the basis of the drill hole information the areal extent and depth
of recoverable granular materials has been delineated more aceurctely and the quality
and quantity of material available at Site NW 1 has been established as fallows:

™ The depth of overburden consisting of topsoil and silt with some clay ranges from
5% feet to &% feet.

- The layer of exploitable and recoverable gravel averages approximately 10 feet
in thickness.

- The areal extent of exploitable gravels, measures approximately 700 feet in width
by 1100 feet in length, and is generally represented by drill holes DH 2, DH 2A

and DH 4.
1=2
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In general, the gravels, which are encountered at Site NW 1, have moderate
silt content and are primarily suitable as good quality fill material in the "Pit
Run" condition for building pads, road bases, and general utility backfill .

Site NW 1 is recommended for continued development as an existing borrow pit and the
following guidelines for borrow pit operations should be followed:

Advanced clearing ond stripping has resulied in the lowering of the ground ice
table which in turn has facilirated the harvesting of the material Therefore,

similar procedures should be considered in areas where the existing borrow pit
limits may be extended.

Currently, only the topsoil and 1 to 2 feet of the surficial silt layer are stripped
from the borrow area. The remaining portion of the silt stratum is then excavated,
together with the gravel and the underlying bedly fragmented and weathered
siltstone and shale bedrock which has resulted in a relatively poor quality material
exhibiting high silt contents. The quality of the extracted granular material can

be improved if a thicker layer of silt is stripped and wasted prior fo the excava-
tion of the gravel stratum.

Operating procedures should be maintained whereby the waste surficial materials
do not drain southeostwards to the gully and existing watercourse.

On the basis of the drill hole information, future expansion of the borrow pit
operations are generally restricted in the northwesterly direction; however, it
is considered that the borrow pit can be extended eastwards (i.e. across the
stream chonnel), for an additional 400 to 500 feet.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation guidelines should include the following:

Reconfouring of the pit area as has been accomplished af the north end of the
borrow pit to maintain good drainage to the adjacent terrain. Similar recontouring
procedures should be maintained during the continued operation of the borrow pif.

Replacement and spreading of the organic topscil from pre-production stockpiles
onto the recontoured exposed borrow pit arees.

Revegetation of the restored borrow pit areas should be considered although exist-
ing cutlines in the area indicate that understory growth and eventually spruce
will be naturally reestablished.

Maintain the stand of spruce which presently obscures much of the pit area from
the all weather road.

This area should also be considered as a possible future building development site.

1-3




DETAILED TEST PIT LOG

NW 1/TP 2
i R ST D#ﬁ
‘L%‘";ffi‘%:j' (OL) 0.5 Topsoil; organic, black, roots, damp
c
- Silt; little clay, occasional thick sand
2 (SC-ML) lenses, infrequent pebbles to 1/2 inches,
5 slightly laminated,brown, wet.
3.4 e IR
Frozen below 3.4 feet, ice crystals and
ice lenses to 1/4 inches thick. Infrequent
boulders 6 = 10 inches in diameter.
5.6
NW 1/TP 3
e 0.0 )
f=ls ,,,3: (P¥) Topsoil; lightly arganic, black, very
e (it soft, wet
& o e D'E
N
o
53
= (SC-ML) Silt; some sand, little clay, brown,
9.5 == very soft, wet to saturated. Frozen
’ below 2.5 feet, ice crystals and
' accasional ice lenses.
4.0




SECTION A-A

(NOT TO SCALE)

EAST

Soil profile as exposed in the pit wall:
1. Silt; some clay and sond, few pebbles, slightly stratified.

2. Gravel; some sand, horizontally stratified, accasional silt lenses,
scattered boulders.

3.  Bedrock; badly fragmented, horizontally laminated siltstone and shale,
frozen, scattered ice lenses.



DETAILED DRILL HOLE LOG

SITE NO. NW 1 HOLE NO. pH-1
DATE: pEC. 8, 1972 [LOGGED BY' (3] PEMCAN O
PRILLING METHODY I v ionar 0 EiRcOATion [ OTHER:
DEPTH UMIFIED EE%%T’?TIDL%E EAMELE | DERTH
[foet) ;1‘;‘;’: GROUP MATERIAL DESCRIPTION i | TYPE | (fear)

= 5YMEOL Class e Eé::?

ﬁ%’;!;"}‘f%; &3 0.a LQPSOIL: some silt, organic, fibrous Vx | L-M i
ML |5-IL|.|T; l:ﬂme clay, little sand, o
5 i ight brown i
SAND: little silt, fine grained,
SM-SP poorly graded, medium brown Nbe
4 4 =
6 & -
UF
8 8.0 8 -
CLAY: some silt, medium
cl plastic, dark brown UF
10 — 10 —
1.5
12 — TOTAL DEPTH 11.5 12 —

GOVERNMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72




DETAILED DRILL HOLE LOG

SITE NO. NW 1 HOLE NO, pH-2
PATE' DEC. 8, 1972 |LOGGED Y (g PEMCAN O
DRILLING: METHOD: O cowwﬂ?mmm Bd é'&ﬁﬂ%ﬁ [J oTHER:
DEPTH ; EBND it
MIEIED i S8 MP BTy
(famr} | GEAPH | UNINES MATERIAL DESCRIPTION NOE | hoer
SYMABOL GEN'L BLRC EST'D
SYMBOL CLASS [ CLASS | comT,
0 e = - 0 —
A Pt TOPSOIL: some silt, organic, Ve | L
T o8 few pebbles, dark brown A
2 SILT: some clay, little sand, 7
stratified, medium brown Vi [L-M
MH
4 - 4 —
6 — et
8.5
GRAVEL: some sand, little silt, Ve | M
GP poorly graded, rounded to sub-
8 angular stones, medium brown Ve 8
10 0.4 107
TOTAL DEPTH 10.4
12 = 12 —
— l il

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHEEN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

]
I PEMCAN SERvVICES “7="
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DETAILED DRILL HOLE LOG

SITE_ND. NW 1 HOLE NO. py-24
DATE: DEC. 8, 1972 |LOGGED BY: B PEMCAN 0
R : A
DRILLING METHOD O cowew‘ﬁonm X é’n'ascgfiﬁégu [] OTHER:
DEFTH UMIFIED GE?}EID:]?TIDII‘I‘:EE SAMFLE | DEFTH
|Fuat] GEAPH GROUP MATERIAL DESCR]FT]DH TYPE I'F_ Pl
smeoL | S GEN'L | mke | gstp 28
> CLASS | CLASS | conr. 5
T —
%%L OL SILT: organic, pebbles to +"size Nbe | L
e L0 —__medium to dark brown Pe
27 SILT: some clay, trace sand, 2=
MH stratified, medium to light VsVr | M
brown
4 4 —
55 L
el GRAVEL: some sand, thin silt &
Ll layers, medium grained, poorly
SR GM-GP graded, medium brown L
- large boulders ot 7.5 8
10
1.2
TOTAL DEPTH 11.0
12 12

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERM DEVELOPMENT

&5
I PEMCAN SERVICES 72"

GRANULAR MATERIALS INVENTORY




DETAILED DRILL HOLE LOG

SITE NO. Nw 1 HOLE NO. DH-3
DATE: pec, 9, 1972 |[LOGGED BY!: ¥ PEMCAN |

MR ME LS CDMVEWTHMMAL X ?l'gcgﬂﬁgﬁ [] OTHER:
pEprH CEONDIT oNs
UNIFIED | SA MR 1
trour) | SEAR | U MATERIAL DESCRIPTION e o o
SYMBOL Efi‘sé ch:':':.E Eé:qe
0 R 0 -
RRSd by | . PFAT fibroms Vx | |
SILT: some clay, trace sand,
2 mi=mL light brown Vs | M 2 —
- becoming medium brown ot
554!
4 — 4 -
' 55 =
6 / CLAY, SILT, SAND MIXTURE: 6 —
-~ low fo medium plastic, thin
LL=Cl layers of sand, light to medium e it
brown
g il
(TILL-LIKE) .
9.0 -
TOTAL DEPTH 9.0
10 - 10 —

GOVERNMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AMND NORTHERMN DEVELOPMEMT

P
PEMCAN SERVICES 72"

GRANULAR MATERIALS INVENTORY




SITE NO. NW1

DETAILED DRILL HOLE LOG

HOLE NO. DH-4

DATE: pEc. 9, 1972

LOGGED BY: !E] PEMCAN 0

DRILLING METHOD: 3 CDNVE?\II'ISIDN#.L X CAIIF?EEE:ET[%& [] OTHER:
DERTH e UNIEIED GE%L&%ENDLEE SAMPLE
[Fear) SOMEG GROUP MATERIAL DESCRIPTION N ru;ugl
: o Lot | e
2 :‘f | Pt-OL TOPSOIL: some clay & silt, Vx | L
08 ~__ orgonic, dark brown e
2 MH SILT: some clay, low plastie, Ve | L
medium brown
35
4 GRAVEL: rounded to subangular, v
GW some silt, few cobbles, medium vx L MC
N grained < G S
ML-MH SILT: some sand & clay, low to UF
o 65\ medium plastic, brown —
GW-CM GRAVEL: well graded, medium
: grained, some sand & silt,
rounded to sub angular, medium
brown UF
100 - boulders at 9.5’
GRAVEL: well graded, medium
grained, clean, little silt, sub
angular, medium brown ’}'j%
G.S
GW UF
- few cobbles ot 13.5°
|5.5 - - .
SM SAND: some silt, fine to medium | UF
164~__ grained, dark brown p
TOTAL DEPTH 16.4'
18 NOTE: DRILLING TERMINATED
DUE TO REFUSAL ON BOULDER
AT 16.4'

DEFPTH
[fawr)

0 —

10

12 —

14 -

16

18 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

=

GRANULAR MATERIALS INVENTORY

I PEMICAN SERVICES 72"




DETAILED DRILL HOLE LOG

SITE NO. NW 1

HOLE NO. DH-5

DATE* DEC. 10, 1972 [LOGGED BY: [y PEMCAN O

DEFTH

[i-.11

PRILIING METHOD: O CDMvEﬁ:‘TRrONﬂ.L X élfﬁ&ﬁiﬁéﬁ [J OTHER:
DEPTH . caoune
2 UNIFIED ITIONS
(faur] ;;:;F{:_ GROUP MATERIAL DESCRIPTION -
sYMBoL Cuass | Cinss
ﬂ kA, .‘im.
g?&ﬁgfg oL i TOPSOIL: some silt Vx
5 _ | SILT: some clay, trace fine sand,
MH distinctly stratified, low plastic Vs
- layer of sand at 1.5' & 3.8
4 —
UF
6.0
CLAY: some silt, medium plastic,
cl greyish brown UF
100

TOTAL DEPTH 10.0'

12 —

O -

10 H

12

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SERVICES “72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: NW 1/DH 4 NW 1/DH 4 GSC LV 111 - 72
Sample Depth (Feet): 12 4-5 e
Moisture Content (9): 5.3 7.6 2.8

lece Content (9%): -

Organic Content (%): - &

GRAIN SIZE DISTRIBUTIO N:

Grovel Sires Sgnd  Slzes St Sizes .
Coarse |Madium [Flna Conras | Medium | Fine Cley Sizes
| Selve Zizes
RO b i 2 [ 5 [ S e [ T 40 %0 %00 *z200
f TNE I T NI T % I 1T 1M [ T
gl I h LTI ST | T3 Il ]
it T e "y ; . | 11l I |
BO :. \L I.Ili \ \\ \‘_-" | :i |1 |
| \_\\ "'\l [ N Fa T i _
70 ' | h LT 1] :
RV .\t.. | | Ly [ T
60 A g I 1 T e =
s DH-4{4]-5") |\ )\ DH-4(17] . 1 R | =
50 T (4 | %= I AT .
. N \ = N - [T
S40 AN . ' N TN
RN hE! i |
: : - & -
Tso GICTVITIFZ | % [ e T~ T % T |
g T W S SN L A e N
Ss0 > | Ll [ 1‘--.,h|_ | ~[TTT7
| T \\| ""'-_.___- ] | y | TN
| I [ | I -~ ITT
o | R S, = W L S N =
| I 1 IEE T v e 2 - I R 1
100 1o -0 ol ool .00l Dol
Grain  Size — Milllmafres
AG%%%RGSJIELETE FINE AGGREGATE
—————————— Particle size llmits of frost susceptible moterials

PETROGRAPHIC ANALYSIS: (NW 1/DH4 at4' -5

Quartzite 56.1%
Limestone & dolomite 14.7%
lgneous materials 4,8%
Cherts 16.4%
Siltstone (hard) 3.2%

Deleterious material: Friable, calcareous
and ferrugenous siltstone and sandstone  4.8%

1-12



SITE NO. NW 2X

Located immediately west of Norman Wells, Site NW 2X is about 2 miles in length
and consists of sand and gravel bars in the downstream portion of Bosworth Creek.

Type of Material: Sand with gravel bars, some silf.
Estimated Velume: 100,000 eubic yards
Assessment: Fair quality material for general fill. The source is

not recommended for development because the stream
is used as a water supply for Norman Wells. Also,
development of borrow pits near the mouth would be
difficult since the area contains preducing high
pressure oil wells.

LEGEND
= e = = Al| weather road ssssesseneee- Required access
————— Existing trails ond cutlines  -——-——-Site limit
ss=ssanse=s= Proposed Gos Pipeline s = === Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit

Airphoto No. A22934/137 Approximate scale: 1" = 3, 000"
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ENVIRO NMENT

Site NW 2X is located in the downstream portion of Bosworth Creek immediately
west of Norman Wells, and is approximately 2 miles in length. The downstream
portion of Bosworth Creek is slightly incised below the adjacent flat terrain with a
large alluvial fan at its mouth. Because of irregular discharge, the stream flows in
a meandering pattern and has occasionally shifted its channel .

Sands and gravels are exposed within the active stream floodplain as individual bars.

They are predominantly fine grained, and are frequently covered and inferspersed
with alluvial silt. The material is of varigble composition which, in general, be-

comes finer toward the stream mouth. The deposits lie below the high water level mark.

Terrain adjacent to the site is generally moss covered and is underlain with an organic
layer approximately 1 foot thick. Wet boggy areas are common and are characterized
by growths of willow, dwarfed spruce, and some tamarack .

The downstream area near the mouth of Bosworth Creek has been considerably altered
by leacse access roads, tank farms, gathering system pipelines and building development
in conjunction with the exploration and production of the Norman Wells oil field,

The site is within the broad migration and staging area as outlined in Figure 2. The
historic use of this area by the oil industry and the proximity of this site to the commun-
ity of Norman Wells, negates any severe implications upon wildlife and waterfowl .

DEVELOPMENT

Site NW 2X is not recommended for immediate development because of the following:

- The site is located in the active floodplain of Bosworth Creek; therefore, most
granular material deposifs are below the high water level of the creek.

- Development logistics in the lower part of the site would be difficult since this
area is already undergoing majer industrial development by virtue of the produc-
tion operations in the Norman Wells oil field. Several high pressure oil wells
and their attendant facilities are in eperation in this area.

- The community of Norman Wells is dependent upon Bosworth Creek for their
water supply.

= Granular materials of equal or better quality can be secured from other sites
within the designated community area.

If exploitation of this site is anticipated at a future date, development guidelines
should be established to ensure the compatibility between development and the current
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physical status of the area. These development guidelines might include:

Establishment of procedures whereby the existing water supply and its attendant
focilities are assured of protection for the community of NMorman Wells,

Establishment of borrow site locations in @ manner that would be compatible with
the current and future industrial plans as related to the oil field and commercial
operations in the area.

Guidelines whereby the areas to be exploited would be confined to dry sand and
gravel| bars as far removed s possible from the existing stream channel .

ABANDONMENT AND REHABILITATION

Further development of this site should ke preceded with the formulation of guidelines
that establish both development, abandonment and rehabilitation procedures as related
to the physical framework of the site at the time. These guidelines might include:

A current assessment of the physical nature of the site as related to oil feld
development and gronular material exploitation.

Development of restoration guidelines such as vegetation buffer zones and
isolated sediment settling ponds.

Development of guidelines that incorporate procedures such as revegetation and
recontouring of abandoned sites.



SITE NO. NW 3X

Located northwest of Norman Wells, Site NW 3X is a gravel bar deposit that extends
about 2 miles upstream from the north end of Site No. 2X along Bosworth Creek.

Type of Material: Gravel; some sand.
Estimated Volume: 150,000 cubic yards
Assessment: Fair to good quality material for base and surface courses;

screened and blended may fit the requirements for concrete
aggregate. The extraction of materials is, however, not
recommended because the granular materials are, for the

most part, within the active stream channe! of Rosworth Creek.
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ENVIRONMENT

Site NW 3X is located northwest of Norman Wells in the active stream channe| of
Bosworth Creek and extends about fwo miles upsfream from the north end of Site NW 2X.
Basworth Creek in the catalogued section forms g relatively wide braided stream that
becomes deeply incised below the adjacent rolling terrain in the northern end of the

site area. Exposed granular deposits, predominantly sandy gravel of variable gradation,
cover the gully bottom as numerous bars. Some bars are covered with silty sand support-
ing growths of small shrub. The sediment concentration and gradation of materjal varjes
considerably throughout the stream channel and discontinuous horizontal strafification is
common .

The granular deposits, in general, lie below the active high water mark of the stream.

Exposed bars, within the channel banks, that contain fine grained gronular materials

occosionally support dwarfed growths of willow. Areas adjacent to the banks of Bosworth
Creek support growths of spruce that occasionally reach trunk diameters of 10 to 12 inches.
Tamarack is common in the localized wet, poorly drained areas.

Norman Wells obtains its water supply from Bosworth Creek.

A waterfall, located on Bosworth Creek near the north end of the site, is noted for its
natural beauty end is considered as a tourist attraction. Access to the waterfall is by
means of a hiking trail that generally parallels the east bank of the stream.

The site is currently accessible only during the winter season along the winter road and

the hiking trail.

DEVELOPMENT

Site NW 3X is not recommended for immediate development because of the following
primary reasons:

= Bosworth Creek is the primary water supply for Norman Wells.

- Much of the available granular materials are found within the braided channel
and below the high water mark of the stream.

= The northern area of the site is of aesthetic value to the region.
If local needs require the exploitation of granular materials from this site at a future

date, then guidelines that are based upon the physical status of the site should be estab-
lished at that time., Some of these guidelines should include:

3-2




&
P PEMCAN SERVICES

Procedures should be established whereby only dry bars and other areas removed from
the stream channel cre developed.

Procedures should be established whereby the exploitation of borrow areas can be

geographically flexible within the site in order to oljow for periodic shifting of the
stream channel .

Procedures should be established relating to the periodic stripping of granular mater-
ials so that excavation does not occur more than 2 or 3 feet below the ground water

table. In such cases, wet material should remain isoloted from the active stream
channels.

Procedures should be established to maintain buffer zones and sediment settling ponds
that separate the working areas from the active stream channel .

Procedures should be established for adequate aesthetic buffer zones along the stream
banks.

ABANDONMENT AND REHABILITATION

If Site NW 3X is developed at a future date an assessment should be made that relates to
the current status of the area and the proposed development of borrow pits. This assess-
ment should result in guidelines on cbandonment and rehabilitation procedures that would
include:

Terracing and recontouring procedures for pit areas should be established.

Procedures should be established whereby restored pit areas are breached into exist-
ing channels so that high water flows will naturally cleanse and restore such areas.
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SITE NO. NW 4

Located approximately 4 miles northeast of Norman Wells, Site NW 4 encompasses o
prominent ridge known as Kee Escarpment. A quarry is currently in operation at the
south side of Kee Escarpment and an all weather road provides occess to Norman Wells.

Type of Material: Limestone, weathered and fragmented ot surface; massive
and competent at depth.

Estimafed Volume: Unlimited in terms of requirements for Norman Waells.

Assessment: Material frem the surficial zone is of excellent quality for
general pit run fill; crushed limesione from Zone |l is suitable
for sub-base, base and surface courses; crushed, screened
and possibly woshed limestone can be utilized for quality
concrete aggregates from Zone |1,
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ENVIRONMENT

Site NW 4 is located 4 miles northeast of Nerman Wells community and consists of g
prominent ridge known as Kee Escarpment at the southern base of the Norman Range.

The ridge has o very rugged relief with numerous bedrock exposures and encompasses an
area approximately 24 miles in length and 4 mile in width.

The ridge is basically comprised of Devonian dolomitic |imestone. The initial 10 to |5
feef of the surficial limestone layer is badly fractured and weathered. The limestone
bedrock becomes more massive at increasing depths from the surface, The more compe-

tent beds of limestone form the predominent ridges which constitute the rugged
appearance of the site.

Residual soil and colluvium form a predominantly shallow layer, | fo 2 feet in thickness,

and support sparse growths of black spruce and small shrub. Thicker overburden, in the
order of 5 feet in depth, exists in localized depressions.

An existing quarry operation has removed material from the southeast face of Kee
Escarpment resulting in the exposure of a vertical wall of limestone that is approximately
70 feet high. The exposed limestone in the wall indicates q dip of |5 degrees to the

south. The northwest portion of the existing quarry is covered with a surficial layer of
limy shales.

The upslope flanks of the site along the northern and western periphery support light
stands of spruce with occasional growths of tamarack. Along the southern and eastern

edges of the site the vegetation ranges, in a southerly direction, from dwarfed spruce and
shrubs to well developed stands of spruce with an increased growth in tamarack. The pres-

ence of famarack generally indicates a wetter growth environment than the flank areas.

There are no known critical wildlife areas in the vicinity of the quarry. Past exploita-
tion of the quarry and the proximity to the townsite suggests that wildlife should not be
exfensively affected by continued operation of the quarry.

An all weather road with excellent access has been constructed from the existing quarry
to the community of Nerman Wells. In addition, a temporary access road traversing the
width of Site NW 4 has been extended from the existing quarry to the southern shoreline
of Fish Loke.

DEVELOPMENT

Site NW 4 is considered to be o major source of the granular materials to supply the re-
quirements for the community of Norman Wells. The development of this site would en-
tail a quarry operation and with the ufilization of selective development and processing












=
P PEMCAN SERVICES

techniques would produce granular materials of various categories for most construction
needs.

The quality of material in the Kee Escarpment's limestone formation has been established,
fo a degree, upon the intensity of weathering which has resulted in the following three
basic types:

Zone |: Extensively weathered, badly fractured and fragmented |imestone form-
ing the initial 10 to |5 foot thick surficial bedrock zone. This material
can be easily ripped and may be utilized in the pit run condition for
good quality general fill material .

Zone |l Slightly weathered, moderately fractured to blocky limestone forming a
15 to 20 foot thick lower stratum in the exposed guarry wall. [+ is con-
sidered that blasting will be required to remove the material in this zone.
The limestone from this zone can be utilized for base and surface course
aggregates if the extracted material is crushed to the specified gradation
limits.

Zone |11: Competent, generally massive limestone is encountered gt depths in excess
of 30 feet in the existing quarry. Fractures in the massive limestone were
noted at intervals in excess of several feet. The massive limestone from this
zone would have to be extracted by blasting. Good quality aggregates
for surface courses and concrete aggregates can be produced by process-
ing this limesione section through crushers.

A stratigraphic section of the Kee Escarpment limestone formation, based on field re-
connaissance, is illustrated as a sketch on page 4-6. The three zones within the lime=
stone formation are depicted on the sketch.

Currently, the limy shale mantle which overlies the limestone formation at the north-
west end of the quarry is being extracted and utilized for use in general fill construction.
This limy shale is very susceptible to deterioration by weathering and is considered a

low quality material for general fill.

The development of the existing quarry has resulied in a 70 foot high vertical face which
prevents selective excavation of material . Therefore, it is recommended that if this

site is further developed fo obtain granular materials, then the following operation
guidelines should be considered:

- Quarry operations should be centered to already mined areas rather than con-

tinuously expanding the quarry wall in o westerly direction along the southern
side of the escarpment.
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- New mining stages within the existing gquarry could be suitably established on the
east quarry end while working foces would be gradually expanded in both the
westerly and northerly (upslope) directions. The east side of the existing quarry
is preferred becouse of befter accessibility.

= Once the existing or otherwise arbitrary set up of the west quarry boundary is
reached, the mining would start again from the east end.

- When the main quarry wall is set several hundred feet back from the original slope
face, the mining of the western side could be resumed. This would allow for more
than one working face and separate access to zones of individual rock types.

= The rock quarry would be mined in benches or terraces set ot depths corresponding
fo the zones of individual types which are present in the limestone formation.
These benches would facilitate the excavation of selective material based on curr-
ent requirements for construction and would also ensure better access and safer
quarry operations.

= The extensively fractured, weathered and fragmented limestone in Zone | could be
easily extracted by conventional methads utilitizing dozers, overhead loaders and
relatively light ripping equipment. However, in view of the extensively weathered
condition of the limestone from this surficial zone, the use of this material should
be restricted for general fill requirements.

- The massive, stightly weathered and moderately fractured limestone from Zone ||
may be partially extracted with heavy ripping equipment; however, it is generally
considered that blasting would be required to expedite the extraction of material
from this zone. The limestone in this stratum is quite competent and should
produce good quality aggregates for surface courses in addition fo quality pit run
fill material. The use of this material as a source for surface courses would entail
the processing of the shattered pit run limestone through o crusher to reduce the
material to required specifications.

- The massive and competent limestone from Zone 1| could only be extracted by
blasting. Blasting techniques should be employed to shatter the in situ limestone
into fragments which could be processed by a crushing operation. The material from
this stratum is very sound end could be utilized for concrete oggregates with the
proper processing techniques. The production of coarse concrete aggregates from
this source should be easily obtainable with normal erushing operations.

However, if the production of fine conerete aggregate is envisioned then o primary and
secondary crushing technique as well as @ washing operation may be required to produce
fine aggregate within required A.5.T.M. specifications.




P
PEMCAN SERVICES

- Prior to any development of fine or coarse concrefe aggregrates from this limestone
guarry, additional loboratory tests should be conducted fo evaluate specific
physical properties of the material relevant to the manufacturing of quality con-
crete mixes. Some typical tests are outlined below:

a)
b)
c)
d)

Autoclave expansion

Specific gravity and absorption

Chemical soundness

Detailed trial design mixes for water-cement ratic and compressive
strengths.

- The access to the hunting and fishing trail to the Fish Lake area should be main-
tained during the operation of the quarry.

ABANDOMNMENT AMD REHABILITATION

In general if o well organized and controlled operation is maintained during the develop-
ment and extraction of material from the quarry, the problems related to abandonment and
rehabilitation would, inherently, be managed. Since the quarry is considered to be a
long term operation, specific restoration procedures could only be considered if and when
the quarry is ultimotely slated for abandonment.
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Limestone, weathered to slightly weathered, badly fragmented, some fraetures
opened, thinly laminated (lamina 1 to several inches thick).

Limestone, very slightly weathered to fresh fractured, thinly bedded - resulting
in moderately sized blocks,

Limestone, fresh, fractures usually several feet apart, thickly ledged, generally
massive,



SUMMARY OF LABORATORY TEST DATA

Sample Location; NW 4 (Limestone)
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Moisture Content (9%): -
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SITE NO, NW 5

Located approximately 8 miles southwest of Norman Wells on the south bank of the
Mackenzie River, Site NW 5 consists of o large sand dune.

Type of Material: Sand; little silt, fine.
Estimated Velume: 1,500,000 cubic yards
Assessment: Low quality material for marginal general fill; beiter

material and access at other sites suggests this source
will not be developed in the near future.
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ENVIRONMENT

Site NW 5 is located approximately 8 miles southwest of Norman Wells on o glacio-
fluvial plain on the south bank of the Mackenzie River. The site consists of a large
sand dune which is greater than 12 miles in length and rises 35 to 75 feet above the
adjacent flat muskeg terrain, Canol Lake is approximately 3 mile northeast of the
dune area. The ground water table apparently lies deep within the dune, corres-
ponding to the low terrain topography.

A winter road frem the abandoned Canol camp traverses the partly stripped top of the
dune. The siripping was probably carried out in conjunction with the borrowing of
sand for the rood construction when the Canol camp was established.

The dune slopes are covered with a shallow layer of organic topsoil which supports a
growth of birch trees. Wet areas in the flat muskeg terrain adjacent to the dunes
support growths of spruce and famarack.

Site NW 5 is within the brood staging and migration route that is utilized by waterfow!,
especially during the fall season. The site is alse within the region of occasional
trapping by natives of Norman Wells; this is particularly true of the areas around and
between Canol Lake and Three Day Lake where beaver, mink and lynx are trapped.

Fall moose hunting by the natives of Norman Wells s common in this region on the is-
lands and along the south bank of the Mackenzie River.

The existing winter road from the south bank of the Mackenzie River, through the aban-
doned Canol camp and across the top of the large dune provides the best access fo this
site.

DEVELOPMENT

The development of Site NW 5 is not recommended at this time because the sand at this
site is of very poor quality and better sources of granular materials are available in the
Study Area. [If however, development of this site is anticipoted at a future date, the
following development guidelines should be considerad-

=  Procedures whereby either truck hauling in the winter or barge hauling in
summer would be feasible. This would require stockpiling of materials because
of seasonal access.

-  Procedures whereby exploitation of granular materials would be initiated at
the west end of the large sand dune.
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- Procedures whereby vertical excavation is adopted thus minimizing the extent
of exposed borrow area fo erosion by wind and water. Retention of vegetation
buffer zones should also be considered.

ABANDONMENT AND REHABILITATION

If Site NW 5 is developed ot a future date, then restoration procedures that are com-
patible with the development and legislative land use requirements that are current at
that time should be developed. These might include procedures such as redistribution
of stockpiled surficial materials, recontouring and reseeding of critical areas,



DETAILED TEST PIT LOG

NW 5/TP 1
\ 0.0
£
Sand; little silt, fine grained,
(SP-5M) poorly graded, brown, damp.
g.0
NW 5/TP 2
PR 0:8 . .
e ..gg (OL) 0.5 Topsoil; organic, black, roots
Sand; little silt, fine grown, roots,
(SM-OL) some clay lenses
=
1]
M
o
5 3.5
Sond; little silt, fine grained, poorly
(SP-SM) graded, brown, damp.
5.5
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DETAILED TEST PIT LOG

Unfrozen

Topsoil; organic, black, roots

sand; little silt with occasional clay
lenses, greyish, fine grained, damp

Silt; some clay, organic, black, wet

Sand; little silt, fine grained, poor
graded, brown, domp.
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SUMMARY OF LABORATORY TEST DATA

Sample Location; NW 5/TP 1
Sample Depth (Feet): 2.0-5.0
Moisture Content (95): e
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GRAIN SIZE DISTRIBUTION:

Gravel Sizes Sgnd Sizgs Siit Sizes
Coorss 'Mudlum_!Flna [‘.uqrulM;ﬂlum[Fm. Glay Sizas
Seiva Siras
oohi 2 "d” 4" "s  *®i0  *20 *0"0%00%200
L] | |\x_‘ J|TEN [ \L___ ” | I ] M1
20 fl] L NI TN = a T
. | I
4 I i 1
B0 iy 8 | |
| N VR
RS
70 by H ! LY |
'\‘.| 1‘ \.;‘ 11 I |
{1 1 i | q
B0 N | |
5 ! | 5 L NN .
Fsn I | \“1 h LA
< gl | | | | I s -.'.-\‘1,_ [ [
c | ! | 3 TR
wi4e ) ] T | ™J
. - | B, ]
Zap A | [ ™
E ] 1\"-; ! -\-\.
ool 1 11 | N~ <
- | | TS =
| I | | - T =l T
= e s
8118 A [T [T .'
a0 1 (H¥] a-1 o-01 o-001 c-0o
Grain  Sire — Millimatras
M%QR”EHG%E FINE AGGREGATE
—————————— Particle size limiis of frost susceptible materials

PETROGRAPHIC ANALYSIS:

5-4




SITE NO. NW 6

Located approximately 10 miles southwest of Norman Wells on the south bank of the
Mackenzie River, Site NW 6 is @ series of small sand dunes.

Type of Material: Sand; little silt, fine.
Estimated Volume: 1,500,000 cubic yards
Assessment: Low quality material for general fill; better material

and access to other sites suggests this source will not
be developed in the near future.
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ENVIRONMENT

Site NW & consists of a series of small sand dunes located on a glaciofluvial plain on
the south bank of the Mackenzie River. The site is approximately 2% miles east of the
abandened Canol camp. The major sand dune at this site e approximately 1% miles in
length, 125 feet wide at the base, and an average height of 20 feet above the adjacent
flat terrain. Three minor dunes, approximately 1500 feet in length are located north

of the large dune. The dunes contain very fine, eclian sand and are unfrozen to depths
investigated.

A winter road from the ebandoned Canol camp traverses the top of the large dune. An
incised gulley, located at the northwest side of the large dune, separates Site NW &
from Sites NW 5 and NW 7. The eastern side of the large dune is partially eroded by
an intermittent stream.

The dune slopes are covered with a shallow layer of organic topsoil which supports o
growth of birch trees. Wet areas in the flat muskeg terrain adjacent to the dunes support
growths of spruce and tamarack.

Site NW 6 is within the broad staging and migration route that is utilized by waterfawl,
especially during the fall season. The site is also within the region of occasional trapping
by natives of Norman Wells; this is particularly true of the areas around and between
Canol Lake and Three Day Lake where beaver, mink and lynx are trepped.

Fall moose hunting by the natives of Norman Wells is common in this region on the islands
and along the south bank of the Mackenzie River.

The existing winter road from the south bank of the Mackenzie River, through the gban-

doned Cancl camp and across the top of the large dune provides the best access to
this site.

DEVELOPMENT

The development of Site NW 6 for granular materials is not recommended at this tme
since the sand at this site is of very poor quality and better sources of granular materials
are available in the Study Area. If however development of this site is anticipated

at a future date, the following development guidelines should be considered:

- Procedures whereby either truck hauling in the winter or barge hauling in
summer would be feasible. This would require stockpiling of materials because

of seasonal access.

= Procedures whereby exploitation of granular materials would be initiated at
the west end of the large sand dune.
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= Procedures whereby vertical excavation is adopted thus minimizing the extent of

exposed borrow area to erosion by wind and water. Retention of vegetation
buffer zones should alse be considered.

ABANDONMENT AND REHABILITATION

If Site NW 6 is developed at a future date, then restoration procedures that are com-
patible with the development and legislative land use requirements that are current at
that time should be developed. These might include procedures such as redistribution
of stockpiled surficial materials, recontouring and reseeding of critical areos.
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DETAILED TEST PIT LOG

NW &/TP 1

Road cut exposure

w55 (OL) Topsoil; some sand and silt

Lo Rl
O

Sand; trace of silt, very fine,

(SP) poorly graded, light brown,
horizontally stratified, medium

dense, some roots and rootlets

Unfrozen

— 4.0

(SP) Sand; no rootlets

7.0
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SITE NO. NwW 7

Located approximately 8% miles southwest of Norman Wells on the south bank of the
Mackenzie River, Site NW 7 consists of a lorge sand dune located on a glaciofluvial
flood plain.

Type of Material:  Sand; little silt, fine.

Estimated Volume: 500,000 cubic yaords.

Assessment: Low quality material for general fill; better material and
access to other sites suggests this source will not be developed
in the near future.
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ENVIRONMENT

Site NW 7 is located immediately north of Site NW 5 and approximately 1500 feet
south of Canol Lake. This site represents one of the larger sand dunes comprising
the duned beach ridges located on the glaciofluvial floodplain on the south bank
of the Mackenzie River east of the ahandoned Canol airstrip. The dune, which is

approximately one mile in length and 200 feet in width at its base, rises to a max-
imum height of 20 to 30 feet above the adjacent flat muskeg terrain.

The dune contains very fine, silty eolian sand which is unfrozen to depths investi—
gated. Probing with shallow test pits along the side slopes of the dune showed
considerably higher silt content on the eastern flanks of the dune which may econfirm
that these dune structures are sandy beach ridges reworked by wind action.

The dune slopes are covered with a shallow layer of organic topsoil which supports
birch growth that ranges from é to 10 inches in trunk diameter. The birch growth is
also enhanced by the well drained nature of the sandy dune and the relatively ex-
tensive depth to permafrost. The ground water table apparently lies deep within the
dune, possibly at depths corresponding to the elevation of water in adjacent |akes.
The wet, adjacent muskeg terrain supports a growth of black spruce and tamarack .

The access to Site NW 7 consists of the winter road to Cano camp and the cutline
which dissects the dune area. The site is approximately 8% miles from the community
of Norman Wells.

Site NW 7 is within the extensive waterfow! migration and staging area which parallels
the Mackenzie River in this area (Figure 2), The area around Canol Lake and Three
Day Lake is also trapped for beaver, mink and lynx by the natives of Norman Wells.
The river bank and islands in this area are hunted for moose in the fall.

DEVELOPMENT

The development of Site NW 7 for borrow material is not anticipated in the near future.
Sources of granular materials of better quality and better access to the community of
Norman Wells are availeble af other sites within the Study Area.

However, if extensive removal of material from this site is anticipated at a future date
then the following development guidelines should be considered:

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

- Transportation of the material by truck haul during the winter or barge haul in

the summer will be required if the materiol is to be utilized in the community
of Norman Wells.

i—2
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- The shallow organic topsoil should be carefully stripped end stockpiled along

the lower slopes of the dune for future utilization in the restoration of the borrow
pif areas.

- Vegetation buffer zones should be maintained between work oreas to minimize
erosion and instability of the dune area.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation guidelines should include the following if Site NW 7
is developed as a borrow pit:

- 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 exposed borrow pit areas.

- Revegetation of the restored borrow pit areas.



DETAILED TEST PIT LOG

NW 7/TP 1
%ﬁ% (Pt) 9:0 Topsoil with peat; black, organic
e —— 0.5
ﬁ :
£ Sand; trace of silt, fine to very
5 (SP) fine grained, light brown
| ]




SITE NO., Nw 8

Located northeast of Kee Escarpment, approximately 8 miles from Norman Wells,
Site NW 8 is a large alluvial cone.

Type of Material:  a) Primary: Well graded coarse gravels.
b) Secondary:  Silty medium gravels.

Estimated Veolume: @) Primary: 250,000 cubic yards.
b) Secondary: 750,000 cubic yards.

Assessmeni: The primary material should be extracted first and may be
utilized for general fill, surface and base coarse material.
The secondary material is generally suitable for fill material .

o -l= :
LEGEND
———=—=All weather road -easmeeeeee- Required access
————— Existing trails and cutlines  -——+-——-Site limit
sssssssnnnes Proposed Gos Pipeline +m= = === Proposed Mackenzie Highway
® DH  Drill Hole TP Test Pit

Airphoto No. A 22934/99 Approximate scale: 1" = 3,000’
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ENVIRONMENT

Site NW 8, located approximately 8 miles northeast of Norman Wells at the foot of
the Norman Range, consists of a large alluvial cone at the mouth of o narrew valley
which is deeply incised into the upslope limestone bluffs, The surface of the alluvial
cone is braided with numerous dry stream channels developed during the spring seasonal
discharge from the mountain valley.

The alluvial cone contains well graded coarse grained gravels with little sand and a
trace of silt. Similar gravel deposits are evident within the relatively wide stream
channel north of the cone. By midsummer the water flow in the stream is very low,

The active portion of alluvial cone is approximately 750 by 700 feet in size; whereas
the entire cone area is approximately 1400 by 1700 feet. The upper active part of the
cone is almost entirely devoid of vegetation cover while the lower part of the cone is
covered with a thin veneer of organic topsoil and moss supporting sparse growths of
small shrubs and tamarack.

Numerous limestone exposures are evident along the steep valley walls and ridges
immediately north of the cone. These limestone outcrops are similar to the limestone
exposures nofed at Kee Escarpment which is located approximately 4 miles west of this
site.

The northern edge of the site along the bedrock flanks of the Norman Range supports
scattered growths of spruce. Wet muskeg terrain with occasional tamarack development
predominates on the western and eastern edges of the site. This terrain flanks Fish Lake
on the east and Edie Lake on the west. The southern periphery of the site supports both
tamarack and spruce.

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

The eastern end of Fish Lake is accessible by road and is used by the residents of Norman
Wells as a recreation area.

The access to this site consists of the all weather road to the existing quarry at Kee
Escarpment; the fishing and hunting trail to Fish Lake and 13 miles of new access road.
The proposed Mackenzie Highway route passes within 1 mile of this site and would pro-
vide excellent access fo the community of Norman Wells.

DEVELOPMENT

The active upper portion of the alluvial cone, at the gpex, should be considered as the
primary source of borrow material from this site in view of the predominance of well
graded gravels. The lower terraces of the cone consisting of lower quality gravels with
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relatively high silt contents may be developed as a secondary consideration for gravel
fill material. The following development procedures should be observed:

The thin veneer of organic topsoil, sparse shrub and occasional tree arowth will
have to be siripped and cleared if the lower reaches of the cone are to be devel-
oped. The waste material should be stockpiled along the southern toe of the cone
to maintain drainage of spring runoff water into the adjacent lakes.

A channel should be cut info the cone from the mouth of the valley to the adjacent
lake to prevent indiscriminant discharge of spring runoff water over the face of the
cone. In view of the late spring and early summer runoff water condition, extrac-
tion of borrow material from this site will likely have to be restricted to a late
summer, fall and winter operation., Buffer zones should be maintained so that
working areas are isolated from active stream channels. Development procedures
should also be adopted whereby excavated wet materials are not handled near Flow-
ing water courses.

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, approximately 13 miles in length,will have to be developed
from the cone fo the existing quarry at Kee Escarpment to transport material from
this site. The proposed new access is noted on the air photo print of the source
area.

ABANDONMENT AND REHABILITATION

Abandonment procedures should include:

Recontouring of the pit area fo provide proper drainage of high discharges of
spring runoff water into the adjacent drainage basin.

Abandoned borrow areas should also be breached into active channels thus allow-
ing natural dissipation of turbidity during spring melt and runoff.

Since the cone is still in an active stage of growth, the reseeding of developed
pit areas is not considered necessary. However, some reseeding of established
access roads might be considered when the site has been abandoned. Specific
abandonment and restoration procedures should be outlined during the final stages
of development and these procedures should be compatible with good engineering
practices and land use regulations as established at that time.



NW 8/TP 1

DETAILED TEST PIT LOG

Unfrozen

24 (ow)

Unf.

NW 8/TP 3

Unfrozen
i

0.0
Gravel; little sand, coarse,
well graded, occasional cobbles,
trace of silt.
5.1
0.
Gravel; little sand, coarse,
well groded.
1.0
0.0
Gravel; some sand, coarse,
occasional cobbles, well araded
2.0



SUMMARY OF LABORATORY TEST DATA

Sample Location: NW 8/TP 1
Sample Depth (Feet): 3.0
Moisture Content (%): 5

lce Content (%): =

Organic Content (%): =

GRAIN SIZE DISTRIBUTION:

Gravel Sizas Send _Sizgs Sl Sizen
Coorae | Madium IFlnu 599['!' Medium | Fine Glay Sizes
Seive Sizes
jooka 2Rt "d* 4 %2 %19 %ap g %50%po %200
0 O 0 | I T
P | I 8 Y ) B ST T Hmm i
| | | W | | Y [ ]
[ [ | | | [ | [
BO— b1 ™ | |
Y == | ATy | |
TO ‘."' ! Y ! i “" | | i
|‘I.L1|I ~, C Tl | i
| g | N7 |
:Eﬂ 1\ | \\ I i LTI i
Fso N | - I AR s | |
i | \ | ™
E40 NI TN
e | 5] B = | i N
= | h | T | ~
% | ~ - S
- ] R ‘L.\,.. | L
Bzo s ' ] b TN
| H | i | S 1 |
10 ' [ Sead: I ' NN Tl
[T -' e M e
i n 00 v O 111
9o 1o (] o o001 o-001 o-o00
Grain  Size — Milllmatras
nGCGDR%RGSAErE FINE AGGREGATE
Porticle size limits of frost susceptible moterials

PETROGRAPHIC ANALYSIS:

Limestone & dolomite 87.4 % Igneous granite
Cluartzites 1.1 9% Cheris 1.

— @
& 2

Deleterious limestone and dolamite 7.9 %
Deleterious shale and slate 1.4 %

L.A. ABRASION TEST:

Percent loss = 33.1
8=5



SITE NO. Nw 9

Located approximately 92 miles northeast of Norman Wells and situated between
Edie Lake and Bandy Lake, Site NW 9 is a large alluvial cons.

Type of Material:  Gravel; well graded, some sand, medium grained

Estimated Volume: 700,000 cubic yards.

Assessment: Good quality material suitable for general fill, surface and
base courses. Current development restricted to local utilie
zation because of requirement for construction of | ong new
access roads.

LEGEND
— = Al| weather road sessesvessaos Reagquired access
————— Existing trails and cutlines  -——-——:Site limit
sessssnansse Proposed Gas Pipeline +e= === Proposed Mackenzie Highway
@ DH  Drill Hole TP Test Pit

Airphoto No. A22934/98 Approximate seale: 1" = 3, 000
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ENVIRONMENT

Site NW 9, approximately 93 miles norfhesst of Norman Wells, consists of a large
alluvial fan located at the mouth of a deeply incised narrow valley on the southern
edge of Discovery Ridge along the base of the Norman Renge. The cone is located
between Edie Lake and Bandy Lake. A narrow, partially braided stream channel

s incised in the surface of the cone to provide drainage in an easterly direction

from the valley info Bandy Lake . By mid to late summer the water flow in this stream
is very low.

The material contained in the cone is relatively consistent and is composed of medium
grained, sandy gravels. The areal extent of recoverable granular material in the
cone is approximately 700 by 3000 feet,

A thin veneer of topsoil, varying from 0 to 12 inches in depth mantles the surface of
the alluvial cone. Vegetation growth at the apex of the cone is very sparse and
consists mainly of moss and very small bushes. Denser brush growth and sparse stands
of black spruce with occasional tamarack were noted along the lower reaches of the
cone,

The peripheral arees of the site along the north side and the upsiope areas on the flanks
of the Norman Rangs support growths of spruce. The wosiern and eastern flanks of the
site are predominately muskeg terrain which is characterized by growths of serub brush

and occasional tamarack. During spring runoff this terrain would be wet and unstable.

There are no known critical wildlife areas in the vicinity of the site.
The access to this site consists of the all weather road fo the Kee Escarpment quarry

site; the fishing and hunting frail to Fish Lake and 4 miles of new cleared access road.

If the proposed Mackenzie Highway is constructed then the base of the alluvial fan will
be within one mile of o good access road to Norman Wells.

DEVELOPMENT

The material from this site is slightly inferior to the material from Site NW 8 and in
addition is approximately 14 to 2 miles further removed from the community. Therefore,
development of borrow material from this site is not envisioned, until sources of better
quality and closer access to the community have been depleted. However, if this site
is developed at a future time to provide maoterial for construction of utilities within
economical reach of this site, then the following procedures should be obsarved:

- The existing stream channel should be deepened fo ensure positive drainage
of spring runoff water fo the east info Bandy Lake and thus prevent the
inundation of any active borrow pit operation,
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- The layer of erganic topsoil and vegetation should be stripped and cleared prior
to borrow pit excavation operations.

- The waste material should be stockpiled along the southern toe of the cone fo
maintain drainoge into the adjocent lakes.

- The use of dozers, overhead loaders and light ripping equipment can be utilized
for extracting the material from this site.

ABANDONMENT AND REHABILITATION

Generally, it is anticipated that any pit operation for removal of material from this
site will be gradually masked by the influx of new material brought down by the high
discharge of water from the mountain valley during spring runoff periods.

Abandonment procedures should, however, include:

- Breaching of obandoned borrow pits whereby the pits are connected to active
stream channels thus focilitating restoration of the pits and their attendent
sediment loads through dissipation during spring runoff.



DETAILED TEST PIT LOG
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Topsoil; some sand, trace
of gravel

Gravel; some sand, well
graded, grey. Frequent
cobbles and boulders ; pre-
dominantly rounded and
subangular.

Topsoil; some sand

Sand ond Gravel. Sand
medium to coarse graded,
frace of rounded gravel to
2 inch maximum size.

Topsoil; some silt and
sand

Graovel; some sand, pebbles
fo 3 inch, medium to coarse
grained.



SUMMARY OF LABORATORY TEST DATA

Sample Location: NW /TP 1
Sample Depth (Feet): 2.0-5.0
Moisture Content (%): -

lce Content (9%): -

Organic Content (%%): -

GRAIN SIZE DISTRIBUTIO N:
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PETROGRAPHIC ANALYSIS:
Limestone and dolomite 89.25 % Quartzites D.26 9%
lgneous material 0.56 % Cherts 0.66 %

Deleterious limestone and delomite B.92 9%
Deleterious shale and slate 0.34 9%




SITE NO. NW 10X

Approximately 4 miles due north of Nerman Wells, Site NW 10X is o large
alluvial cone located at the mouth of Schooner Creek, on the western lake-
shore of Hodgeson (Fish) Lake. The total hayl distance to the site s approx—
imately 9 miles.

Type of Material: Gravel; well graded, medium grained.
Estimated Volume: 1,000,000 cubic yards.
Assessment: Good quality gravels for surface and base coarses

and general fill, Currently not recommended for
development because of very difficult access across
wet muskeg terrain.

W 5 Bt m e e REqUirEd ccroacs

—— === Al| weather rood

————— Existing trails and cutlines  ~——-——-Site limit o
==ss=sscssss Proposed Gaos Pipeline » === =—==Proposed Mackenzie Highway
©@ DH  Drill Hole & TP Test Pit

Airphoto No. A 22934/101 Approximate scale: 1" = 3, 000
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ENVIRONMENT

Site NW 10X is located approximately 4 miles north of Norman Wells and consists of
large alluvial fan, approximately 700 by 4000 feet in area, which is located ot the
mouth of Scheoner Creek immediately north of Kee Escarpment on the western shoreline
of Hodgeson Lake (Fish Lake). The surface of the cone is braided with numerous dry
stream channels giving the cone a fan-like appearance. The active portion of the cone,
at its apex, is relatively devoid of vegetation and organic topsoil. A thin veneer of
topso#l supports a growth of moss and very sparse bushes. Black spruce becomes more
pronounced on the lower reaches of the alluvial eone.

The adjacent terrain to the east and west sides of the cone js relatively flat muskeg
with numerous lokes. The drainage off the slopes of the cone is primarily in a southerly
direction as indicated by the stream channels.

The alluvial cone contains well~graded coarse to medium sized gravels with a trace of
silt.

The peripheral area along the northern edge of Site NW 10X supports spruce growth
that ranges up to 40 feet in height. This spruce growth continues northward up the
flanks of the Franklin Mountains. The west side of the site i characterized by muskeg
terrain with some tamarack development. The east side of the site i bounded by Fish
Lake. The steep vertical face of Kee Escarpment, generally, defines the southern
periphery of the site,

A dirt road aleng the fop of Kee Escarpment provides access to the east end of Fish Lake.
This area is utilized by the residents of Norman Wells for recreation and spert fishing.

Although the site is relatively close to the community of Norman Wells, the presence
of Kee Escarpment immediately south of the cone requires that a new access road of
approximately 4 to 5 miles in length be constructed from the site around the west end
of Kee Escarpment back to the all weather road at the existing quarry.

DEVELOPMENT

In view of the difficult access to Site NW 10X which involves the traversing of a large

portion of wet muskeg terrain along the north edge of Kee Escarpment, the development
of this cone as an immediate source of granular materials is not foreseen. A number of

sites with equally good quality material with better access facilities is available in the

Norman Wells Study Area.



SITE NO, NW 11

Located about 7 miles southwest of Norman Wells, between the south bank of the
Mackenzie River and the abandoned Canol Camp airstrip, Site NW 11 is o series of minor

to moderately sized sand dunes.

Type of Material: sand; little silt, fine.
Estimated Volume: 750,000 cubic yards
Assessment: Low quality material for marginal general fill. Better material

and betfer access to other sites suggests that this site should
not be developed for the granular material requirements for the
community of Norman Wells at this time.

————— Al| weother road
————— Existing trails and cutlines
ssssssssssre Proposed Gas Pipeline

@ DH  Drill Hole

swen e Required occess

sy S e i

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

Airphote No. A22842/9

Approximate scale: 1" = 3, 000’
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ENVIRONMENT

Site NW |1 is located approximately 7 miles southwest of Norman Wells on the south
bank of the Mackenzie River north of the abandoned Canol airstrip. The site, located
on a glaciofluvial floodplain, consists of groups of minor to moderately sized sand
dunes encompassing an area |3 miles in length and 3/4 of a mile in width. The dunes
rise 10 to 50 feet above the adjacent terrain. As noted on the site airphoto, the
highest and best preserved dune group is "a", while the other dune groups "b" to "M
are partially effaced by erosional processes.

The dune groups contain very fine, silty eolian sand. The localized depression among
individual dune groups contain muskeg and the terrain adjacent to the dune areas is
topped by shallow peat and organic topsoil layers.

The dunes, elevated above the adjacent terrain represent the only well drained feature
in this area, which in turn promotes the growth of scattered birch. The poorly drained
and wet terrain, adjacent to the dunes, is predominantly covered with dense growths
of tamarack and black spruce.

Site NW Il is within the extensive waterfow!| migration and staging area which parallels
the Mackenzie River (Figure 2). Occasionally, this area is also trapped for beaver,
mink and lynx by the natives of Norman Wells. The river bank and islands in this area
are hunted for moose inthe fall.

The access to Site NW || consists of the winter road to the abandened Canol Camp and
numerous seismic cutlines which traverse several of the major dune groups. |t should
be noted that transportation of material across the Mackenzie River will have to be
considered if this site is developed for the needs of the Norman Wells community.

DEVELOPMENT

The development of Site NW |1 for borrow material is not anficipated in the near future.
Sources of granular materials of better quality and better access to the community of
Norman Wells are available at other sites within this Study Area.

However, if extensive removal of material from this site is anticipated at a future date,
then the following development guidelines should be considered:

- The best location for a borrow pit is represented by the dune complex denoted as
"a" on the site airphoto (Page I1-1) because the winter road to the abandoned
Canol Camp and an existing cutline provides direct and immediate access to this
areda.
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- The access to this site from Norman Wells community involves the crossing of the
Mackenzie River which suggests that the material be trucked across the river dur-
ing the winter months for stockpiling in the community area,

- Vertical excavation of the material opposed to horizontal excavation should be
considered fo minimize the erosion of exposed borrow areas by wind and rain
action.

- The material from the dune complexes can be excavated by dozers, backhoes,

overhead loaders or similar equipment.

- The shallow topsail should be carefully stripped and stockpiled on higher well
drained ground such as the side slopes of the dunes for reutilization and restoration
of pit areas after removal of granular materials,

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures for this site should inelude:

- Recontouring of pit area to provide good drainage to the adjacent terrain.
- The recontoured pit area should be resurfaced with the stockpiled waste topsoil.
- Revegetation of the recontoured areas.,

113



SITE NO, NW 12

Located approximately 9 miles east of Norman Wells, Site NW 12 js
esker ridges on the western bank of Canyon Creek

Creek.

Type of Material:

a series of smal|
near the confluence of Snowshoe

Sand; some silt, fine to medium grained

Estimated Volume: 200,000 cubic yards

Assessment:

e e s e B | weather road
————— Existing trails and cutlines

sssssrensnss Proposed Gas Pipeline
© DH  Drill Hole

LEGEND

Fair to good quality material for general fill, Relatively
difficult access and minor amount of materiql suggests that

this site should not be considered for development at this
time.

snesereresses Required access
——re—=sGite [imit

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

Airphoto No. A22934/98

Approximate scale: 1" = 3, 000"
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ENVIRONMENT

Site NW 12 is |ocated approximately 9 miles east of Norman Wells adjacent to the west
bank of Canyon Creek. The granular material is located in a series of discontinuous esker
ridges, generally 100 to 150 feet in width and 20 fo 30 feet in height. The discontinuous
eskers range from approximately 200 to 1500 feet in length. The prominent esker ridge

is located at the confluence of Canyon Creek and Snowshoe Creek, orientated perpendic-
ular to the west bank of Canyon Creek.

The site is located on a gently undulating glaciofluvial plain and the general drainage is
in a southerly direction towards the Mackenzie River. The adjacent terrain is generally
muskeg and relatively wet, supporting stands of black spruce and tamarack . Exposures of
shale bedrack were noted in the stream bed of the deeply incised Canyon Creek.

The esker ridges contain fine to medium grained sands with some silt. The esker slopes
are covered with a thin organic topsoil cover supporting growths of moss, small bushes,
spruce and birch.

There are no known critical wildlife areas in the vicinity of this site.
Existing seismic cutlines connect the site area to the existing winter road. Access to the
site would require traversing thermally sensitive terrain and any disturbance of the existing

organic cover may result in subsidence or gullying.

DEVELOPMENT

The development of Site NW 12 is not considered practical because of the marginal quality
of the granular material, relatively difficult access and limited quantity of material . A
considerable degree of surficial area relative to source exploitation and access roads has to
be cleared for the relatively small quantity of granular materials available af this site.

The detailed findings of the winter drilling program which was conducted on Site NW 12 by
the engineering consultant for The Federal Department of Public Works has been assessed and
incorporated into this report. The following conditions relative to the quality and quantity
of available granular materials are outlined.

- Fair quality granular materials consisting of stratified and pocketed deposits of sands
and gravels of varied gradation were encountered in these esker ridge segments. These
sands and gravels are suitable for good quality embankment fill material in the con-
struction of road grodes.

- Overburden material consisting of topsoil and organic silts overlie the granular
material deposits and vary in depth from 1 to 3 feet.

- The depth of the in situ sand and gravel deposits vary from a few feet o in excess of
15 feet.



@
PEMCAN SERVICES

- An estimated volume in the order of 200,000 cubic yards is considered available
from the various esker ridge segments.

However, if this site is developed to provide material for construction of utilities within
the economical reaches of this site, the following procedures should be observed:

= The organic topsoil and vegetation should be stripped and cleared prior to borrow
pit excavation operations.

- The waste material should be stockpiled for easy recovery for future use in recon-
touring the borrow pit areas.

- The large esker located on the western bank of Canyon Creek at the confluence of
Snowshoe Creek should be opened from the western end to minimize any damage to
the existing stream channels.,

= Dozers, overhead loaders and light ripping equipment should be adequate for the
removal of material from this site.

ABANDONMENT AND REHABILITATION

Operating procedures should be maintained whereby waste materials do not drain eastwards
into existing water courses. Abandonment procedures should include recontouring of the
pit area by utilizing the stockpiled stripping and waste materials. Rehabilitation might
include reseeding although existing cutlines in the area indicate that the understory growth
and eventually spruce will be naturally reestablished.

12-3



DETAILED TEST PIT LOG

NW 12/TP 1
0.0
&k Sand; some silt, fine to
N B medium grained, light grey
= (SM) with occasional pebbles to
2 % inch. Unfrozen to depths
tested.
3.0
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DETAILED DRILL HOLE LOG

SITE NO. NwW 12

HOLE NO. c 985

DATE: MAR. 15, 1973 [LOGGED BY: [0 PEMCAN [X] R.M. HARDY & ASSOCIATES
IRILLING METHOB: & CDNVE':JHE:UNAL O gi{fgtgfiﬁéil [] OTHER:
DEPTH UMNIFIED GEEHJ'L?TIG;IEE SAMPLE | DEPTH
{fwar) ;:"ig: GROUP NL?‘!HTEHAL DESCR'FTIDN - . TYPE | {fewt)

- SYMBOL CLASS | CLass EéL?

i /j C 0.3 MOSS- _.‘I'*'.JX__HJ 25
Cl CLAY: silty, sandy, rustic color, Vi | H
9 organic silt inclusions 9
M
3.0
4 GM GRAVEL: sandy, silty, grey, Nbn ¥4
shale and elay (till) inclusions
(N

6 & —

g 8 —
10 10 —
12 12—
14 14

15.0 —
END OF HOLE 15.0¢
16 — 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

il_‘l}'_‘!ELND. NwW 12 HOLE NO. 987
: E* MAR. 14, 1973 [LOGGED BY: [ PEMCAN BJ R.M. HARDY & ASSOCIATES
DRILLI : [:]
NG METHOD: g CDNVEﬁ‘TIDNAL L] gllgcgfﬁféfu [] OTHER:
— o GROUND ICE
(o) | SaPn | ST MATERIAL DESCRIPTION Py s e g A
- SYMBOL CLAELS cﬁfs' -.E:E:Tn?
. . 0 —
SM SAND: silty, nen plastic, Nbn
2 brown 9 _
4
NF G
6 b
8 8 —
10 ———— 19=5
= coarser
12 B silieraid firde 127
14 14 -
18 00 e 189
= coarser
20 20.0- = hoh 20
" END OF HOLE 20.0

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. Nw 12

=l ) HOLE NO. 989
" MAR. 14, 1973|LOGGED BY: ] pEMCAN X R.M. HARDY & ASSOCIATES
DRILLING MET - AIR VERC
ETHOD &l cf}NVEN'nDMAL 0 ?r';cﬁfiﬁéﬁ [] oTHER:
- GROUND |ICE
(o) | SRARH | (D MATERIAL DESCRIPTION e e Eed i
SYMEOL MELC, | ESTD
G CLASS | CONT. G ]
SM SAND: silty, non plastic, NF
; brown, coarse
'| i
2 2 o
3 3 _
4 4 -
54 5 —
O e N I 5|
- boulders
7 a
8 - 3
9 7
10 9.0~ ENID OF HOLE 10.0' : i

GOVERNMENT OF CAMADA

AMND NORTHERM DEVELOPMENT

DEPARTMENT OF INDIAN AFFAIRS
PENMCAMN

GRANULAR MATERIALS INVENTORY

sernvices 72"
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SITE NO. Nw 12

DETAILED DRILL HOLE LOG

HOLE NO. 990

DATE: MAR. 14, 1973

LOGGED RY: [J PEMCAN

X R.M. HARDY & ASSOCIATES

DRILLING METHOD: X

AIR REVERSE

AIR
convenTional [ Eirctiation [ OTHER:

it arapy | YMIFIED th:gl'rj.l’éln:'rm:fE
(o) | e | cROUP MATERIAL DESCRIPTION e idedy
SYMBOL GEN'L | MREC, | EST'D {faet)
0 CLASS | CLASS | CONT.
_ 0 —
ML |55 SILT: sandy clay, oraonie Nbny
2 SM SAND: silty, brown, coarse
arained INF 2 —
S 3.0 sl
4 HoSe
% GP GRAVEL: clean 4 —
6 ':':'
:...: :'. 6 —
8 4% L —_ ;
520 - siltstone inclusions B
s
10 4%
i < siltier i
e . 12—
GM - very silty
14 <
16—
Nbn
o, Yad o] - shale inclusions
18 —feiess 18.0 18 —
CH CLAY (TILL): grey, high plastic,
silr}r, few pebhles and siltstone
- inclusions i
2 209~ END OF HOLE 20.0' 1 ki
GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND WNORTHERN DEVELOPMENT E = =
PEMCAN S Tra
GRANULAR MATERIALS INVENTORY 5 SIS
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SITE NO. Nw 12

DETAILED DRILL HOLE LOG

DEPTH
(Fawr]

0

DEPTH
{feet)

10

HOLE NO. 991
DATE: 4AR. 14, 1973 |LOGGED BY: [ PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [q] .\ yeNTional [0 ElRcOLATION [ OTHER:
o
IFIED 171 58
nd Ml MATERIAL DESCRIPTION iy
| svmsol ol L
O |,s__ MOSS vx | H
SM SAND: clean, occasional pebble, INF
shalestone inclusions, brown
= sfoughEng
100~ FND OF HOLE 10.0'

10 +

GOVERMNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERvVICES "72"

12-9



SUMMARY OF LABORATORY TEST DATA

Sample Location;
Sample Depth (Feet):
Moisture Content (9%):
lce Content (%):

Organic Content (%):

GRAIN SIZE DISTRIBUTION:

NW 12/TP 1 GSC #14
2.0 -
5.9 6.8

£ Sand Gizgs S Sizes cl g
Rre) Hzex Cograe IMudium ]_Flfm Ggqgu] Medium 1 Finge ks e
Smive Slzes
ooyt mdr g %5 %o "ap MapMsoMion 200
oo | [ ] Bl [T I\“ T T '\_\__: '[: -[_._ ] | 111
aolLlLl [EIE _""‘-=~IL"','_‘*-__L_1 | Tlfll_]_ 31T I THRN
a—T h | |
2 o N (TL] HIT '
O TR Il |
LY | My 11
T0 = i
\\_& | }-‘ I' - — |
u i 5 H 1
=50 Y {..- e e AN [T 1 ;
s | =X | itARRE |
— - K Sal
,,En | w6\ [ IicAE| | I
5 [ A 0N
c&0 | i ; "T\ | I
foE | | ".\ | |
[= S
5 30 | IS IS
- 1 I Bl ™ ) I§ ~[1]
e s -4 by
20 | PEdal |
Wi i ' B
" T ] I - |
(I A _,||- [T TiTT] |
Jalv] 10 Ira (8| (sl el} oool Q-pool
Grain  Size — Millimatres
e FINE AGGREGATE
—————————— Particle size limits of frost susceptible moterials

PETROGRAPHIC ANALYSIS:




SITE NO. NW 13X

Located approximarely 10 miles east of Norman Wells, within the active stream regime

of Canyon Creek, Site NW 13X is approximately 2 miles in length and averages 300 feet
in width.

Type of Material: Sand and Gravel; little silt, stratified.

Estimated Volume: 500,000 cubic yards

Assessment: This site is not recommended for development because
it is located within the regime of an active water
course.

T i S SRR i
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© DH  Drill Hole 4 TP Test Pit

Airphoto No. A22934/98 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site NW 13X is located approximately 10 miles east of Norman Wells within the
active stream channel of Canyon Creek. The depesits of granular material are of
alluvial origin and are concentrated in exposed gravel bars and terraces within the
braided stream channel. The site encompasses an area approximately 2 miles in
length by 200 to 400 feet in width and is, generally, considered to be below the
high water level of Canyon Creek. The recoverable depth of material is approxim-
ately 5 feet in depth,

The gravel bars and terraces are covered with a very thin veneer of organic silt

supporting very sparse growths of small bushes. Stratified silty sands and gravels
were encountered in the stream bed deposits.

Most areas adjacent to the channel of Canyon Creek support spruce that attain
in some cases, trunk diameters of 10 to 14 inches. Wet and poorly drained sites are
characterized by tamarack.

The downstream portion of Canyon Creek lies within the waterfowl staging and mig-
ration route as shown on Figure 2.

The drainage area of Canyon Creek is approximately 30 miles. Along its length of

12 miles, it is estimated that approximately 20,000 cubic yards of gravel are poten-
tially suitable for spawning. The use of Canyon Creek by fishery resources is prim-
arily seasonal as it usually becomes very shallow by early to mid summer.

Access to this site can be achieved from the existing winter road which traverses
Canyon Creek at the southern extremities of this source. Since the material cannot
be extracted during the winter season when the site is accessible, the development
of this source may be delayed until an all weather road (or a highway) is built. Then
a short access road con be constructed on either side of the creek,

DEVELOPMENT

Site NW 13X is not recommended for development since the granular material is
located within the stream channel of an active water course.

However, if in the future, local demands for grenular materials dictates the develop-
ment of this source for gravels; then specific guidelines must be formulated to mini-
mize any environmental damage to the area. The following considerations should be
reviewed and assessed prior to any removal of granular material from this site.

- Excavation of materials should be resiricted to areas which are as far as possible
removed from the currently active water chonnels.
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- Operating periods should be restricted to the low water period of the water
course to minimize downstream siltation.

- Berms, dykes, undisturbed buffer zones and settling ponds should be utilized
to isolate the pit excavation operations from the flowing water channels.

- Waste materials from the pit should be stockpiled as far removed os possible
from the flowing water channels.

- The borrow area, such os gravel bars, selected for the extraction of materials
should be abandened if invaded by water due to the stream shifting.

ABANDONMENT AND REHABILITATION

Future development of this site should be preceded with the formulation of guidelines
for chandonment and rehabilitation related to the physical and biotic framework of
this site. Such guidelines should include:

- Development of guidelines that incorporate procedures for revegetation and
recontouring of abandoned sites.




SITE NO, NW 14

Located approximately 2 miles northeast of Norman Wells, Site NW 14 is a series of
small discontinuous esker ridges.

Type of Material: Sand; some silt, fine to medium grained.
Estimated Volume: 1,500,000 cubic yards
Assessment: Good quality granular material for general fill; not recommended

for immediate development because of requirements for extensive
new access and infersite access,

5 e
Mact ko2 :
e
LEGEND
=== Al| weather road seeeisresass Required access
————— Existing trails and cutlines  -——+——-Site limit
ssessenssess Proposed Gas Pipeline *om e = Proposed Mackenzie Highway
® DH  Drill Hole 4 TP Test Pit

Airphoto No. A22934/138 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site NW 14 is located approximately 2 miles northeast of Norman Wells. A series of
discontinuous and sinuous esker ridges, 200 to 1000 feet in length and 20 to 40 feet in
height comprises the granular material source. The adjacent terrain, a glaciofluvial
plain, is relatively flat. The organic peat cover on the adjacent terrain is shallow
and supports o relatively dense growth of small bushes, black spruce and some birch on
the better drained porfions of the site.

The esker ridges consist primarily of fine to medium grained sands with some silt and
occasional cobbles and boulders. A thin veneer of organic topsoil, epproximately 3 to
6 inches in depth supporting sparse tree growth covers the esker ridges.

Away from the esker ridges the terrain is predominately muskeg and is characterized by
growths of willow, spruce and tamarack. The aesthetic value of the site area would be
considerably altered because of the large areas of clearing that would be required if
the sites were to be extensively developed.

There are no known critical wildlife areas within the vicinity of the site. The proximity
of the site to both the Norman Wells community and the airport Iikely negates any
severe implications to the wildlife of the area as they have either become necessarily
adjusted to the human encroachment orhave moved further away from the development.

An existing seismic cutline, approximately 2 miles in length, connects the eastern
portion of the site to the all weather Kee Escarpment quarry access road. However, in
view of the scattered nature of the various esker ridges, a considerable amount of inter-
site access roads would have to be developed in order to exploit the granular material
deposits.

If the proposed highway is constructed as noted on the accompanying site airphoto, then
this site would become very accessible for the local needs of the community.

DEVELOPMENT

Site NW 14 is not recommended for immediate development and exploitation for the
following reasons:

-  The gronular material from this site is, generally, enly suitable for fill material in
the pit run condition. Therefore, the material quality is of relatively low priority.

- A lorge surface area of terrain will have to be cleared to develop o comparatively
small volume of material.
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A comparatively extensive amount of new access roads for access to the various
esker ridges and, inter-deposit access will have to be developed over marginally
soft and wet terrain.

Other sites with better quality material and better access are available for develop-
ment in the Norman Wells community area.

The detailed findings of the winter drilling program which was conducted on Site NW 14 by
the engineering consultant for The Federal Department of Public Werks has been assessed
and incorporated into this report. The following conditions relative to the quality and
quantity of available granular materials are outlined.

Fair quality granular materials consisting primarily of stratified sands with gravel
pockets of varied gradation were encountered in these esker ridge segments. These
sands and gravels are suitable for good quality embankment fill material in the
construction of road grades.

Overburden material consisting of topsail and organic silts overlie the granular
material deposits and vary in depth from 1 to 3 feet.

The depth of the in situ sand and gravel deposits vary from a few feet to in excess
of 15 feet.

An estimated volume in the order of 1,500,000 cubic yards is considered available
from the various esker ridge segments.

The adjacent ferrain consists of lacustrine silts and sands of shallow depth underlain
by a glacial till sheet.

However, if this site is developed at a future date to supply the fill requirements of a local
utility such as the proposed highway or gas pipeline, the following guidelines for borrow
pit development should be maintained:

The existing tree growth and related vegetation should be cleared and removed in
accordance with the land use guidelines that are in effect at that time.

The thin veneer of organic topsoil and peat should be stripped and stockpiled for
future restoration of borrow pit areas.

The in situ granular material can be removed with conventional excavation equipment
such as dozers, overhead loaders and light ripping equipment.

In view of the relatively soft and wet terrain the borrow pit excavation operations may

have to be restricted to a winter operation unless the access roads are developed to
an all weather status.
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ABANDONMENT AND REHABILITATION

Abandonment procedures should include recontouring of the pit areas to prevent ponding
of water in the pit areas after removal of the granular material . The stockpiled surficial
waste material should be replaced on the abandoned pit areas. Rehabilitation might
include some reseeding although existing cutlines in the areo indicate that the understory
growth and eventually tree growth will be naturally reestablished.

1d-4




DETAILED TEST PIT LOG

NW 14/TP 1
00 gg Topsoil; organic, some silt, trace of gravel.
(SM) Sand; some silt, trace of gravel ond cobbles,
1.0 Ilghf b]’ﬂ‘l‘-"l’l, rootlets.

Sand; some silt with powdery silt pockets
(SM) and lenses, troce of gravel to 2 inch maxi-
mum size. Few limestone fragments.

Unfrozen

3.0
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SITE NO. Nw 14

DETAILED DRILL HOLE LOG

HOLE NO. 1060

DATE: MAR. 17, 1973

LOGGED BY: [ PEMCAN

G0 R.M. HARDY & ASSOCIATES

DRILLING METHOD: ®

AlR REVERSE

AIR
convenTional O circucation [ OTHER:

DEPTH
| fent]

DEFTH E GE%I:J!;E;T GICSE
UMNIFIED 1TMN SAMFLE
o | SBaR | MATERIAL DESCRIPTION o Loae Leors ] 7778
SYMBOL CLASS | CLASS | CONT.
O
Ak OL SAND: very organic, silty,
. SM rootlets, brown NE
2 2.0
CL CLAY (TILL): silty, sandy, low
plastic, brown
- 4.0
GM GRAVEL: sandy, silty, non-plastic,
3 brown
8 B.O —
SP SAND: clean, fine, sharp, Ve L
10 ractlets
12 2.0

END OF HOLE 12.0

0=

10

12

GOVERMMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERMN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES "72"
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SITE NO. Nw 14

DETAILED DRILL HOLE LOG

HOLE NO. 1061

DATE: pMAR. 17, 1973 LOGGED BY: O PEMCAN ] R.M. HARDY & ASSOCIATES
DRILLING METHOD' [¥] conventional [ CiRcULATION [ OTHER:
o
DEPTH | SAMPLE
o) | GRAPH | UNITIED MATERIAL DESCRIPTION TVPE | (taet)
SYMBOL GEM'L MR EST'D
SYMBOL CLASS | CLASS | con.
0 f)im
oL SILT: organic; sandy, low plastic, NF
. brown
2.0 2 4
ap GRAVEL (TILL): silty, angular
fract., odd shale incl.
_____ s
- lacking fines
- clay (till) inclusions
& —
_____ . i B —
- siltstone incl.
10 —
12.0 12 —
SAND (TILL): gravelly, clean,
2 siltstone chunks M=
16.0 16—
GM GRAWVEL (TILL): sandy, clean,
siltstone chunks 18 —
i 20
200~ END OF HOLE 20,0'

GOVERNMENT OF CANADA

AND NORTHERN DEVELOFMENT

DEPARTMENT OF INDIAN AFFAIRS
PEMCAN

GRANULAR MATERIALS INVENTORY

sSERVICES “"72"

14-7



SITE NO. NW 14

DETAILED DRILL HOLE LOG

HOLE NO.

1064

DEPTH
| Famr ]

DATE: AR, 18, 1973|LCCGED BY: 7 PEMCAN @ R.M. HARDY & ASSOCIATES
DRILLING METHOD: [} .qyyeNTionar [ ElRcOLATiON L] OTHER:
o
UNIF SAMPLE
ttaury | GRAPH | CNTED MATERIAL DESCRIPTION Tree
SYMEOL GEM'L MLRC, ESTD
Ciass | cuass | con.
B GRAVEL: sandy, angular,
ol GM-GP fractured, silty, non plastic NF
8.0
SP-SM SAND: silty, very fine, non-
plastic, clean, brown
T S o~ e 2 L
I~ 7 = well groded
SW
~~ ~ = med. grained
~ 7= small pebbles
24.0
oM GIRA'.".-"EL: fine, silty, non-
plastic
i
30.0~ END OF HOLE 30.0' T

0 =3

12 -

15 —

18

21 <

24

27 —

30 —

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. NW 14 HOLE NO. 1068
E:TE: MAR. 17, 1973 |LOGGED BY: 7 PEMCAN X R.M. HARDY & ASSOCIATES
ILLIM : AR
G METHOR DY convenTional [ é:'gcgfﬁféﬁ [] OTHER:
DEPTH CRAPH UMNIFIED Gg?}ﬂhﬁﬂﬂ:ﬁﬁ SAMPLE | DERPTH
fhaen | a0l | GROUP MATERIAL DESCRIPTION . | TYPE | (feer)
SYMEBOL ::SLE:I 5; ch:':fs} Eg{?
0 e 0
03 —AOSS: -V | M A
SAMD: silt edium ined
J S ¥, m grained,
2 non plastic, odd pebble, reddish Vi L 2 —
brown
4 iy be——e 4 -
- coarser
& - 6.0 & —
CLAY (TILL): silty, sandy, Nbn
8 CL-ClI pebbles, occasional stone, low- 8 —
medium plastic, brown
10 10 o
12 12
14 14
15,0 ]
EMD OF HOLE 15.0'
16 16

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS

AND NORTHERN DEVELOPMENT E
PEMCAN SeERVICES "72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. Nw 14

HOLE NO. 1049

DATE: MAR. 18, 1973 |LOGGED BY: ] PEMCAN X R.M. HARDY & ASSOCIATES
A AlR
DRILLING METHOD CDN"H’ENITICINAI. El éilﬂncgfi?lzgil D OTHER:
DEPTH UNIFIED GE%I:.INDE:TIQII!%E SAMPLE | DEPTH
(Fant] :f;:';:. GROUR I"'AATERIAL DESCRIFTIDN B , TYPE [Faut}
SYMBOL EL:S{E CT.I: §5- E;L?
ﬂ %l ﬂ 1
oL |5|LT7Icrg.ﬂr'|it:, clayey, sandy, Nbr
1 ow plastic, brown i
2 2.0 2
SILT: sandy, clayey, low
7 - I plastic, brown 3
4 Em— 4.0 4 -
SILT (TILL): cleyey, sandy,
MH pebbles, medium plastic,
3 Brown i
& - & —
7 7 2
8 8.0 8 -
MNF
GRAVEL: fine sondy, cleon,
9 GM M & ) ? -
occasional shale inclusions
10 10.0—~"END OF HOLE 10.0 = 10

GOVERNMENT OF CANADA

DEFPARTMENT OF INDIAN AFFAIRS
AND NORTHERM DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. NW 14

DETAILED DRILL HOLE LOG

HOLE NO. 1070

DATE: MAR. 18, 1973

LOGGED BY: ] PEMCAN

&l R.M. HARDY & ASSOCIATES

DRILLING METHOD: 4]

AlR O AIR REVERSE
CONVENTIONMAL CIRCULATION

] OTHER:

DEPTH
[Fawr)

GRAPH
SYMBOL

UMIFIED
GROUR
SYMBOL

MATERIAL DESCRIPTION

GROUND

ICE

COMDITIONS

GEN'L | M.RC.

E5ST'D

SAMPLE
TYPE

DEPTH
|Foat)

- very sandy

low-medium plastic, grey

200 ~END OF HOLE 20.0’

CLASS | CLASS | CONT.
oL S]LT:. organic, clayey, low Vi | M
plastic, brown
2.0
CLAY (TILL): silty, sandy yro| ™
Cl medium plastic, pebbles, brown
_____ Vs | M
- sandy
= grey
Nbn
_ [ - low-medi lasti
cl-c ow-medium plastic o [is
16.0
M GRAVEL (TILL): clayey, sandy, NF

10

2=

14 —

16 —

18

20 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SeERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. NW 14 HOLE NO. 1072
DATE: \AR. 18, 1973 [LOGGED BY: [] PEMCAN X R.M.HARDY & ASSOCIATES
DRILLING METHOD ] cumveﬁl%cmm O ?l'ﬁﬁcﬁfiﬁgﬁa [J oTHER:
pEPTH CEONDITIONS
UNIFIED 1oN3  |samp
oo | SEAR | MATERIAL DESCRIPTION —Toac e | 7¥7e | thoen
SYMEOL Ciass | eikes |
{} Jf_l:':".d:!;’,tﬂ D =
S\t fos MOSS . v | M
S oL S:LT;‘ organic, clayey, medium Nbn
5 _F ] » g Plastic 5 |
SILT (TILL): <clayey, sandy, stones,
ML . .
medium plestic, brown
da=illiilE  pr——zx ; 4 -
- sandier
6.0 6 —
SAND: silty, coarse grained,
SM . . :
shale inclusions, non plastic, g —
brown
10 —
12 -
14.0 14 =
GRAVEL: fairly clean
/
W 16
18 —
GM [~ = sandler, silty
20.0—~END OF HOLE 20.0' ‘ 20

GOVERMNMENT OF CAMADA
DEPARTMENT OF INDIAN AFFAIRS 7
AND NORTHERN DEVELOPMENT = .
PEMCAN SERVICES 72

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. Nw 14

HOLE NO. 1073

DATE: pMAR. 17, 1973 [LOGGED BY: ] PEMCAN

E R.M., HARDY & ASSOCIATES

DRILLING METHOD' i) convehfionar O SlRcliATion [ OTHER:
pERTH S oNDITIoNS
IFIED SAMPLE
e | Sharw | MATERIAL DESCRIPTION — T T 7vre | et
SYMBOL Ciass | class | cont
0 g
oL ORGANIC SILT: low plastic Nbn
2 2.0 o )
CLAY (TILL): silty, sandy
4 CL low plastic, brown, occasional Vr [ M 4
pebbles
6 4 1 @ pe—-— ; 6 —
- sandier
8 - i @ b—- A —
= grey
10 -
- dark brown MNbn -
12 — 12 4
= grey
44 1 e 14 -
- low plastic, grey-brown
16 —— 16 —
- siltstone inclusions
18 18 —
20 200—"END OF HOLE 20.0° ‘ i

GOVERNMENT OF CAMADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERM DEVELOPMENT

GRANULAR MATERIALS INVENTORY

| PEMCARN

SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. Nw 14 HOLE NO. 1078
DATE* pMAR. 19, 1973 [LOGGED BY: [] PEMCAN X R.M. HARDY & ASSOCIATES
SRILLING WETHOD () o eionay 0 BRcBEEE, 00 omver
DEPTH UMIFIED GEC?)L:EE:TIG?I«I%E SAMPLE | DEPTH
(Faat) ;:’;LHL GROUP MATERIAL DESCRIPTION i | TYPE | [hwer)
SYMBOL cinss | eoase | cont
0 0 —
SILT: organic, claoyey, sandy,
1 oL low plastic Nbn 1 —
2 2.0 2
CLAY (TILL): silty, sandy
3 Cl stones, cobbles, medium plastic,
[
brawn
4 4
5 5 o
6 6.0 6 —
GW GRAVEL: well graded, silty INF
7 7
8 8.0 B
S SAND: well groded, fairly clean
9 o]
L 10.0~"END OF HOLE 10.0° - ~ 10

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT E

PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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SITE NO. Nw 14

DETAILED DRILL HOLE LOG

HOLE NO. 1079

DATE: MAR. 19, 1973

LOGGED BY: [ PEMCAN [0 R.M. HARDY & ASSOCIATES

DRILLING METHOD: 4]

AlR REVERSE

AR
convenTional [ circutation [ OTHER:

DEPTH
{Famr]

GROUND

ICE

DEFTH
[Fwmt]

10

12

14

COMD
arati | (e MATERIAL DESCRIPTION o
smeot | SPOU sent | mec | ESTD
{} CLASS | CLASS CONT.
prelad ORGANIC SILT=CLAY: sandy,
S Bl=Cl med . plastic, brown, rootlets Nbn
' 2.0
CLAY (TILL): silty, sandy,
Cl medium plastic, brown,
occasional stone
8.0
SAND: clayey inclusions, fine
SM grained, angular, round, INF
becomes coarser
s [T el graded, clean
| &.0

16

END OF HOLE 16.0"

10 S

12

14

16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS =

AND NORTHERN DEVELOPMENT =

GRANULAR

MATERIALS INVENTORY

PEMCAN SERVICES "72"




DETAILED DRILL HOLE LOG

SITE NO. Nw 14

HOLE NO. 1080

GROUND

ICE

CONDITIONS

GENL | MRC
CLASS [ CLASS

EST'D
COMT.

SAMPLE
TYPE

DEPTH
{fant)

DATE: MAR. 19, 1973 |LOGGED BY: 7 PEMCAN R.M. HARDY & ASSOCIATES
DRILLING METHOD! (%) convehTionar O ClRcOLATION [] OTHER:
DEPTH UNIFIED
R
aet) | SEAPN srour MATERIAL DESCRIPTION
5p SAND: coarse grained, fairly
clean
[ - finer
[ - medium to coarse grained,
slightly silty
e coarse grained, fine gravell
SM-SW 4
silty, trace of clay
se |- = coarse, silty gravelly, non fo
low plastic, trace of clay
20.0—ENID OF HOLE 20.0"

.
.

%

-

&

()

L
o,

et

-,
.4-
iy

&
6
S

NFf

L)
()
A

()
¢
‘.

o
.
S
A

0

10

12 —

14 —

16 —

18

20

GOVERMMENT 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: NW 14/TP 1 GSC 733
Sample Depth (Feet): 1.0-3.0 o
Moisture Content (%): - 7.4
lce Content (%5): = -
Organic Content (%): - -

GRAIN SIZE DISTRIBUTION:

; Sond  Sizps Sl Sizes :
Graval Size
' i Coagrae |E!_Hi'ur-'lll-'lﬂl Cograe| Medium | Fine e Sl
| Selve Sizes
F oS A e %5 %p %30 *wpMs0%ioo "zoo
el L RN T ; T
aolLh [T1 I 1] LT | |
\ ""-\._ 1 .h‘_“. I ETHN T |
Bg \‘ | H\ L% d \'.." |1 I
N ' g N N | ' '
70 \ -\'\ ‘\ W |
N_ I N I | I I
i N\ N g T TN
s LN ' N =2
If'sﬁ ] \\ | \ \\__ | | ! 'y |
& L GaC# 33N ! s % \¥ | I M
Sap I '\“"\. ! -\ MR 1T
s | -\"'h..___ w,!\ :1\, i A
Z 30}-4— = ST | S |
o | M‘-.,‘__ 1 : e ! \‘ |
£20 Tl R TN N |
| PR LT | ] |
Il T4 |
[§ =] [ i | 1 1 | _'-“I-. ' ] .|! | qh""'-. HE
- | [ [T | 1IENE] [ | JINEN] |
[[s]4] 10 (2] (B o-01 o001 aooal
Groin  Size — Millimatras
AR L FINE AGGREGATE
Porticle size limite of frost susceptible moterials

PETROGRAPHIC ANALYSIS:
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SITE NO. NW 15

Located 4 miles north of Norman Wells in the vicinity of Bosworth Creek, Site NW 15
is a series of ice contact ridges and knolls.

Type of Material: GRAVEL; some sand and silt, fine grained
Estimated Volume: 1,000,000 cubic yards
Assessment: Good quality material for general fill. Immediate development

of site is not practical at this time because of requirements for
extensive access roads and stream crossings at Bosworth Creek.

= e = Al| weather road sesseveeeese Required access

————— Existing trails and cutlines -——-——-5ite limit

ssssssnsssss Proposed Gas Pipeline » == = = = Proposed Mackenzie Highway
® DH  Drill Hole - TP Test Pit

Airphoto No. A22934/136 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site NW 15 is located approximately 4 miles north of Norman Wells, and consists of a
series of eskers, kames and other ice contact deposits. These deposits encompass an area
approximately 17 miles by % mile in the immediate vicinity of Bosworth Creek. The adjo-

cent ferrain slopes gently to the southwest and the general drainage is to the Mackenzie
River.

The material in the ice contact deposits is highly variable and ranges from inorganic silts
with some clay to medium grained, well graded gravels with some sand. These varying
granular material deposits are, generally, intermixed and moderately scattered throughout
the entire site area, although the more well defined esker-like and kome-like features
appear fo contain pockets or layers of better quality granular materials. A thin veneer of
silty organic topsoil supporting growths of moss, small shrubs, spruce and birch covers the
site area. The adjacent terrain is relatively flat and poorly drained and consists of numer-
ous wet, boggy muskeg areas.

A small waterfall on Bosworth Creek occurs within the eastern portion of the site area.
This waterfall, considered as a recreation and aesthetic tourist atfraction, is accessible

from Norman Wells by means of a hiking trail that traverses the east bank of Bosworth
Creek.

Access to Site NW 15 from Norman Wells is currently restricted to the utilization of the
winter road, the hiking trail along the east bank of Bosworth Creek and existing seismic
cutlines on the west side of Bosworth Creek. Furthermore, any development of granular
materials from the west side of Bosworth Creek will require g major stream crossing. The
ferrain conditions, approximately one mile south of the site area within o lacustrine
surficial deposit, are quite sensitive to thermal changes and any disturbance of the
existing organic cover may result in subsidence and gullying. This area exhibits a high
incidence of thermokarst features and may present a significant obstacle for the roufing
and construction of inexpensive access roads. The existing stream crossing at the Macken-
zie River bank cannot be used because of refinery utilities, such as wellheads and pipelines.

The proposed Mackenzie Highway and gas pipeline routes traverse the entire site area.
The highway will provide excellent access from Site NW 15 to the community of Norman
Wells,

DEVELOPMENT

The detailed findings of the winter drilling program has confirmed the availability of
exploitable granular materials at Site NW 15. On the basis of the drill hole dota, the
following comments relative to material types are outlined as follows:

- The material represented by these ice contact features are exiremely variable
ranging from inorganic silts with some clay fo relatively well graded gravels.

15-2
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The potentially exploitable granular materials of reasonable quality are scatierad
throughout these ice contact features as pockets and layers.

The material type within an individual ice contact feature is variable in quality,
mode and depth of deposition and recaverable quantities.

In general, the better quality granular materials appear to be located within the
ice contact features which immediately flank the east and west banks of the
Bosworth Creek channel.

The depth of overburden overlying the granular material deposits varies in depth
from a few feet to in excess of several feet.

The better quality granular materials, consisting of medium grained, well graded
gravels with some sand were noted at drill hole lacations DH 5, DH 5A, DH 6,
DH 7 and DH 10. (Ref. Airphoto Site Description - Page 15-1)

Site NW 15 is considered to be a relatively important source for granular materials as an
alternate to the proposed quarry operation at Site NW 4, particularly, when the access
to the site area becomes more viable if the Mackenzie Highway is constructed on its
proposed route. At this time, however, the exploitation and development of Site NW 15
is considered difficult and possibly uneconomical for the following reasons:

Access to the site area from the Norman Wells community is available only by
utilizing the winter road, the hiking frail along the east bank of Bosworth Creek
and existing seismic lines on the west side of Bosworth Creek. Therefore, access
to the site would be resfricted to the winter months.

The required access roads from the winter road to the site area, on both the east
and west sides of Bosworth Creek, traverses a terrain consisting of locustrine
material which is very sensitive to thermal changes. Therefore, any major distur-
bance of the organic surface cover in this area may result in severe erosional
domage to the existing terrain. [t should also be noted that occasional muskeg
bog oreas were observed to be unfrozen during the winter drilling program in

Jonuary, 1973.

A major stream crossing is required to provide access for the removal of granuler
materials from the west side of Bosworth Creek. The water from Bosworth Creek
is currently utilized as a water supply for the community of Norman Wells.

The scattered nature of the potentially exploitable granular materials in the ice
contact features may entail o comparatively large degree of surficial area being
cleared and stripped in order fo recover a relatively small quantity of material.

However, if this site is developed to supply the requirements for the construction of a
local utility (such as the proposed Mackenzie Highway), or if it is reserved for future
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use (when short access roads from the highway can be established), the following develop-
ment guidelines should be followed:

- In view of the highly varioble quality and scattered nature of the available gran-
ular materials, Site NW 15 should be considered essentially for pit run aggregates
to be utilized in building pads, road and airstrip sub-base construction. However,
if careful and selective excavating procedures are utilized during the development
of borrow pits, then the pockets or layers of high quality gravels could be exploited
for use in production of base course and surface course aggregates.

- The development of borrow pits for Site NW 15 should be initiated with the ice
contact features represented by drill holes DH 5, DH 5A, DH 6, DH 7 and DH 10
which have proven depths of fair quality grovels at their specific locations.

- The individual ice confact features should be further investigated by probing at
closer intervals with shallow test pits or drill holes to more specifically delineate
and assess the quantity of available granular materials.

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

- The thin veneer of organic fopsoil and peat should be stripped, removed and stock-
piled adjacent to the borrow pit areas in designated locations.

- Relative to granular deposits immediately adjocent to the eost and west sides of
Bosworth Creek, the development procedures should be commenced at the source
area farthest removed from the water course. A buffer zone of adequate width
and breadth should be maintained between the stream and the final limits of the
borrow pit.

- Operating procedures during borrow pit development should be maintained where-
by surficial waste materials do not drain to the active Bosweorth Creek stream channel.

- Adequate buffer zones should be retained around the site of the waterfall and along
the hiking trail that provides access to this feature.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

- Recontouring of the pit area to provide general drainage compatible with the
natural drainoge of the adjocent terrain.

- Replacing stockpiled surficial waste material on the obandened borrow pit areas.
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Reseeding of the recontoured
lines in the area indicate tha
naturally reestablished.

pit areas may be considered although existing cut-
t understory growth and eventually spruce will be
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DETAILED DRILL HOLE LOG

SITE NO. NW 15 HOLE NO. DH-1

DATE: DEC. 7, 1972 |LOGGED BY: 7 PEMCAN ]

ORILLING METHOD® 7 ¢ apsuebinionay (3 ElRcOiATion [ oTHER:
i CLoNDITIoNs ‘
TH INIE ! SAMPL P
o) | SRAPH | D MATERIAL DESCRIPTION = tvoe: | {tee)
8oL GENL | NRC, | ESTD
D SYMBOL CLafs | CLASS | CONT.
- o -
R CL 55 SILT: some clay, organic ——— Vx | L
ML=MH SILT: some clay, few pehbles,
.5 X boulders & cobbles Woams 5 |
SAND & SILT: non plastic,
S fine grained, light brown w | L
4 -
i M.C.
SAND & GRAVEL: little silt, &=
predominantly medium grained,
SW-GW well graded, light brown i
M.C.
G.5.
P
100 10 —
SAND: some silt, medium grained
1 £ "'.-"'K— M"H
WM few pebbles to 3 Vr f'ég
12 =
—135
TOTAL DEPTH 13.5' 14 -]

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERMN DEVELOPMENT

GRANULAR MATERIALS INVENTORY EPEMEAN SERVICES " 72
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DETAILED DRILL HOLE LOG

SITE NO. NW 15

HOLE NO. pH-2

ETE: DEC. 7, 1972 LOGGED BY: ¥ PEMCAN n
DRILLING METHOD: [ conveNTionar X ElRchiATion [ OTHER:
GROUND _ 1CE
BEPTH UNIFIED CONDITIONS  [SAMPLE| mESTH
linar) ;;‘:m R MATERIAL DESCRIPTION aenn | ke | grs | TITE | theet)
SYMBOL £Lass | crass | comr,
0 0
SILT: some clay, little sand,
few pebbles & cobbles Ve Vr (LM
- MH 2
3:8
* SAND & GRAVEL: little silt, sub- 4
SW-GS angular pebbles to 13", brown VuVr| L gst,:
6 €0 6
ML SILT:. some sand, little clay, \seVr (LM
greyish brown, few pebbles o3
7.5 :
8= TOTAL DEPTH 7.5' g
il Note: This drill hole area had
been stripped prior to
investigation

GOVERNMENT OF CAMNADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERM DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SERVICES “72"




DETAILED DRILL HOLE LOG

SITE NO. NW 15

HOLE NO. DH-3

DATE: pec. 7, 1972 |LOGGED BY: g PEMCAN O

DEFPTH
[Fewt]

DRILLING METHOD: 7 comveﬁslﬁcwm [ ‘cﬂ?gcgfiﬁéﬁ [] OTHER:
DEFTH s LM IFIED GE%EJNDEI‘TIQLEE SAMFLE
theer) | o | GROUP MATERIAL DESCRIPTION = | Tvee
- SYMBOL Class| ctnes | Eane
e
E‘ﬁ‘ﬁ,ﬁ,ﬁ Pt. Ly PEAT: fibrous, dark brown VxVr| M
9 SILT: some clay, light brown
B ML-MH
A —
- thin lenses of stratified sand
ML at 3.5 to ‘5 VE M_
& — 5.0 i

% SAND, SILT, CLAY: few pebhbles
CI-CL to 3/8", light brown
80 (TILL-LIKE)

TOTAL DEPTH 8.0'

10 H

0

10

GOVERNMENT OF CANADA

DEPARTMENT CF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SERVICES 72"




SITE NO. NW 15

DETAILED DRILL HOLE LOG

HOLE NO. DH-4

DATE: pec, 7, 1972 [LOGGED BY' (g PEMCAN O
DRILLING METHORE [ ohvebtionaL 0 CIRcOLATIon [ OTHER:
DEPTH - UNIFIED GE%I:J%::TIGII\IEE SAMPLE | DERTH
(Feet) AR croup MATERIAL DESCRIPTION TYPE | (feet)
semsor | SAOUR cEnL | nee | EST'D
D 1 CLASS | CLASS COMT.
EEead pi PEAT: fibrous, dark brown Vx L 0 9
0.5
5 SILT: some clay, medium brown
- 2
ML=MH Vs |M-H
4 — g =
4.5
SILT: some clay, little sand
& {meqflium to fine grained), medium Vs |M<H 6 _
to light brown
ML
8 J 8.0 8 —
TOTAL DEPTH 8.0
10 — 10 —
GOVERNMENT OF CAMNADA

DEFPARTMENT OF INDIAN AFFAIRS

AND NORTHERN

DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SeERVICES "72"




DETAILED DRILL HOLE LOG

SITE.ND. NW 15 HOLE NO. DH-5
DATE: pEC. 8, 1972 [LOGGED BY: [} PEMCAN ]
DRILLING METHOD:: O CCJNVEIANI%DN#L [E] gf&c&f:'ﬁ‘gg D OTHER:
DEPTH UMIFIED G::%LF}:E?TIOJI\I%E SAMPLE | DERT
treen | GRARH | SR MATERIAL DESCRIPTION Tree | (tvet)
SYMBOL GEM'L MEC EST'D il
sYmaoL
0 CLASS | CLASS | COMT 0
L}LE':E..T:F‘* % =
F Pt - PEAT: fibrous, dark brown \Y) L
ML=MH STLT': some clay, stratified,
_ _ medium brown Vs [L-M 5 _
GRAVEL: some sand, trace silt,
medium grained, poor to well
graded, rounded to sub-angular 4
GP-GW particles, sound 7
MC
G5 6 —
80 8 —
SILT: troce of sand, non to low
plastic, blue-grey
10 ML V|t 10
12 S 12 -
130
TOTAL DEPTH 13.0'
14 4 14 —

GOVERNMENT OF CAKMADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERW DEVELOPMENT

GRANULAR MATERIALS INVENTORY

5
I PENMCAN SERVICES "72"
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SITE NO. Nw 15

DETAILED DRILL HOLE LOG

*HOLE NO. DH-5A

DATE:

DEC. 7, 1972 |LOGGED BY: g PEMCAN O
AR NG g e conventional X ARcSEATion [ OTHER:

DEPTH
[feer]

il [T UMNIFIED Gigﬂlﬁhnh? H—
thomi | SHEH | GRour MATERIAL DESCRIPTION TYPE
SYMEDL GEN'L | mRC | EST'D
U CLASS | CLASS CONT.
SILT: some clay, medium plastic,
ML-MH strafified, light brown Ve | M
2 —
|
35 —
£ GP-GM GRAVEL: some sond, liffle silt, | o
poorly graded, rounded to sub-
=5 angular

TOTAL DEPTH 5.5

been removed

Note: Site area hod been stripped
prior to drilling and 3' to
1' of organic topsoil had

i

GOVERNMENT OF CAMNADA

DEPARTMENT OF INDIAMN AFFAIRS
AND NORTHERM DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SeERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. NW 15

HOLE NO. DH-6

DATE: pEC. 8, 1972 |LOGGED BY: 3y PEMCAN

]
ORILENG METHOD" 3 conyelfons; @ AB00RS O oveee
DEPTH GhAD UMIFIED GE%E!T]?NGL{EE SAMPLE | DEPTH
(Faur) AFH GROUP MTERIAL DESCR[PT!DN GENL e T TYPE ““..”
FEAOL CLass | cLass | cont 5
1'ﬁ oL SILT: some clay, organic, ts AV 7
-, R b g roo % | L
GRAVEL: little sand, trace of
GP silt, rounded to sub angular par- MC | 2
ticles, poorly graded, brown G'l;s
- becoming more silty, gap graded &
with |ittle or no sand, frequent
fragments of flakey shale
GM M| &
G5 I
8 -
8.2
ML SILT: some clay, medium plastic 10 4
105
TOTAL DEPTH 10.5'
12— 12

GOVERMNMENT OF CANADA

DEPARTMENT OF INDIAM AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

m
PEMCAN SeERvVICESs "72"
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DETAILED DRILL HOLE LOG

SITE NO. NW 13 HOLE NO. DH-7
DATE: JAN. 16, 1973|'OGGED BY: 7] PEMCAN [
DHELING MEFHORPR) cowveﬁ‘%uwm [ é‘l@{:&ﬂﬁéi [J OTHER:
DEFTH UMIFIED GE?:ILSL?TIGIIH%E SAMPLE | DEPTH
[Fewr] ;:‘:E-: GROUS MATERL&;L DESCR'PT'DN TYPE “‘l-r]
SYMBOL GEN'L | MRC: | EST'D
CLASS | CLASS | COMNT.
PEAT: fibrous, muskeg M
1.0 v/ M=H
- SILT: few pebbles, light brown A 2
GRAVEL: some sand, trace of 4 —
silt, rounded particles, predomin- Vx | L
antly limestone and quartzite MC
pebbles 8 —
1G.C
GRAWVEL and 5AND: trace of silt,
some large cobbles and boulders, 12
rounded particles, predominantly Vx | L
limestone and quartzite
16 —
8.0 MmC
SAND: little silt, well graded,
grey 20
Vx [L-M
MC
24 —
260
TOTAL DEPTH 26.0'
28 28 -

GOVERNMENT OF CAMADA

DEPARTMENT OF INDIAN AFFAIRS
AND MORTHERN DEVELOPMENT

PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. NW 15 HOLE NO. DH-8
DATE: JAN. 18, 1973 [LOGGED BY: ] PEMCAN O
DRILLING METHOD! 8] ¢ onvenTionar OO &R bineiay [ oTHER:
BEFTH UNIFIED GE%“;‘HD[:TIG;{:SE SAMPLE | DEPTH
[faet) ;;‘;E‘l GROUP MATERIAL DESCRIPTION e o | TYPE | tiner)
: SYMBOL CLAsS | ciass E;L?
L?—éiﬁ:‘“ Pt |D PEAT: fibrous, muskeg ._"-.-" L
& | SILT: little sand, few pebhles,
brown 2
ML Vs |[M-H
4
- little silt, fi d MC
SAND: little silt, fine grained,
3 F 55 brown L | Gs
6 N SHALE: soft, blue-grey 5
) Vs | L
g i 8.0 8
: SAND: some silt, fine grained,
medium brown
10 10 =
SM-SP
12 12
Vs L
14 14
MC
16 16.0 16 —
TOTAL DEPTH 16.0
18 18

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS 5

AND NORTHERN DEVELOPMENT o L
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

SITE NO. NW 15 HOLE NO. DH-9
DATE: JAN. 16, 1973 [LOGGED BY: §) PEMCAN O

PRILLING: MEFHOD: 3 cnwwﬁ'ﬁmwm O Eﬁ'&cﬁfﬁ%ﬁ; [] OTHER:
DERTH UMIFIED Ei%ihlg?TtﬂJl\l’:SE SAMPLE | DEPTH
thaerh | SA8PH | Groun MATERIAL DESCRIPTION J TYPE | {fwer]
swao. | A0 cae | nas [ e
0 —femzmr ' 0 —
e . OL o8 TOPSOIL: some silt, organic Ve | L
SILT: trace of sand, frequent
2 — pebbles to 1" size, medium brown 2 -
4~ ML Vx |L-M 4 -
MC
GS
& — & -
8 B.O g8 —
GRAVEL: some sand, little silt,
GM well graded, rounded to sub- Nf TYe
angular, medium brown GS P
10 10.0 10 —
SILT: some sand, few pebbles to
ML 1 size, medium brown
12 120 12 —
TOTAL DEPTH 12.0'
14 — 14 —

GOVERNMENT OF CANADA

DEPARTMENT QF INDIAN AFFAIRS
AND NORTHERW DEVELOPMENT

GRANULAR MATERIALS INVENTORY

P
PEMCAN SERVICES “72"
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SITE NO.

NW 15

DETAILED DRILL HOLE LOG

HOLE NO. DH-10

DATE: JAN. 16, 1973

LOGGED BY: [ PEMCAN ]

g A
BRILLING: METHOE conveNTionar [ ?EIECSEEEI‘TSREH [] OTHER:
DEPTH UNIEIED GE%%%?TID:IEE SAMPLE| DE
(four] | GRAPH MATERIAL DESCRIPTION TYPE | Lraar)
stmsol | SEOUD gen | mac | esto i
- SYMBOL CLAsS | cLass | comt. 5
Pt TOPSOIL: little silt, organic, v | L
.o fibrous, roots
g /
GRAVEL: some sand, little silt, 2
predominantly rounded to sub-
angular limestone pebbles, few
cobbles, medium brown 4
MC
G5
o
oM Vx | L
- layer of brown sand at 8' g—
- opccasional ciay pockets at 10 —
10" and deeper
MC
F
N L 12
14 140 14
TOTAL DEPTH 14.0"
16 — 16—
GOVERMMENT OF CAMADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT E .
PEMICAN SERVICES 72
GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

E!TE‘ NO. NW 15 HOLE NO. DH-11
DATE® JAN. 16, 1973|LOGGED BY: g7 PEMCAN =
= F E
DRILLING METHOD: R conventionar [ &lRcBianion L] OTHER:
DEPTH UNIFIED GE%EJ%?TIGLESE SAMPLE | DEFTH
|Farr] GRAPH GROUF JI'\"‘IATER“:"-]_ DESCE“:TJDN TYPE I:‘r.r‘.|
stmsor [ SROVE a&wm] NRC | ESTD
ﬂ CLass | cLass | coNT D
”‘ﬁ%;l P TOPSQIL: little silt, organic, Ve | -
iz 1.0 =, roots st
2 r;_raf?cz GRAVEL: little silt, trace sand, o]
qﬁ?gﬁg GM-GP poorly graded, rounded to sub- Vx| L
oo n o0 angular, medium brown
O s 35
4 — SILT: some sand, trace clay, few 4 <
ML-MH pebbles to 1" size, light to
medium brown
6 — 6 —
- becoming sandier with depth MC
and also lighter brown in
’ color, fine to medium grained .
Vx| L
10
TOTAL DEPTH 11.0"
12 — 12 4

GOVERNMENT OF CANADA

DEFARTMENT OF INDIAN AFFAIRS
AND NORTHERW DEVELOPMENT

GRANULAR MATERIALS INVENTORY

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

Sample Location: NW 15/DH 1 NW 15/DH 1 NW 15/DH 2
Sample Depth (Feet): A 11 4-5
Moisture Content (35): 7.3 20.1 8.6

lce Content (%): - - N

Organic Content (%): = = s

GRAIN SIZE DISTRIBUTION:

R Sand Sigas Sil Sizes 8]
Grovel Sires e |Hudlum_]_Fln¢ El:'_l:rttL“tdium [Fine Glay ey
Saive Sizes
F ol 4 % Mip "apg %p¥:so%oo Moo
bk | 3 T, L T T I T '
i | \._‘ | | ] [ EEE +1 TEER | 1
i S N ‘ -l
) t Iy 1
BO X “X\& P.\ ] |
T0 \ . N\ | P |
\ ~ DH-1(8") N T 11
WA Xt % AN
= NOH-P N % | | W I
= e T T IARA | iIEE
L i ST ISP | R .
€40 \\-_ ' T [T
c TN 1™ M | o
= e ST~ | ~ I
:3“ | \}_‘h‘ | “"‘-... | e |
E i N """-::__:: 5 =~ |} i ~{
ok |~ 1] [Fa |
| | | | P |
10 T AT T 1 T I T T T~ ,
é I 1] 1IN | ({111 (1] RN N N I
1ao a (8] Q-1 c-al a-00l Q-000l
Grain Size — Millimatras
COARSE
AGGREGATE FINE AGGREGATE
—————————— Porticle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS: (NW 15/DH 1@ 8')

lgneous rock 8.7%
Quartzite 24 .8%
Limestone & dolomite 30.5%
Conglomerate (Quartzitic) 6.0%
Deleterious components:
Siltstone, weathered, weak 13.6%
Sondstone, weathered 13.6%

Shale trace




SUMMARY OF LABORATORY TEST DATA

Sample Location: NW 15/DH 5 NW 15/DH é NW 15/DH &
Sample Depth (Feet): 5 1.4 5-6.5
Moisture Content (%): 10.7 8.3 6.2
lce Content (%): - - -

Organic Content (%): ~ = N

GRAIN SIZE DISTRIBUTIO N:

Gravel Sizes Sgnd _ Jlrgs St 3184 Clay Sires
Coorae |Madium EFl-ﬂl Dnufu' Madium | Fine
Selve Sizes
60 g gt e e 4y Mg Bpn Rn Ben®ing ®ap0
I ﬂ T N I 3] .~ T
i 1 s il { 1!
80 1||.1|'| ] T "I. = -,_q' . | !
8o I||. \ \\ | i | 1
i | '\l |
R ] [
TO < ||
S || |
60 <1 :
2 Ml |
-
an Y
- il
Zan 1 A
S——HHHs
T ~ | |
EED ""'Ih AN - \'h
& ] S
e 1) 1
“20 el |
= ~um
ia | T T s I
z , | Il {1 | HEEEE il
[Tals] i IO ol o0l o-0m o-000!
Grain Sire — Milllmatres
A rE FINE AGGREGATE
Particle size limits of frost susceptible moteriols

PETROGRAPHIC ANALYSIS: (NW 15/DH 6 @ 4')

Limestone & dolomife 58.7

Quartzites 22.8

Siltstane, sound 5.7

Cherts, dark 0.1

lgnecus rock 3.9

Deleterious components:

Sandstone & siltstone, ferrugeneous and

calcareous 7.5

Limestone & dolomite, porous 141




SUMMARY OF LABORATORY TEST DATA

Sample Location: NW 15/DH 8 NW 15/DH 9
Sample Depth (Feet): 5 4
Moisture Content (%): - 8.
lce Content (%): = _

Organic Content (%): S -

GRAIN SIZE DISTRIBUTIO MN:

Grawel Slzes Sond  Sizos Siit Sizen Clay Sires
Cograe |Mlﬂ|!.l'n'l |FII‘|E Guurul Medium j Fins
| Saive Sizes
i T ot g % W Man % ®en™oo ®zoo
1l [ 11 | | \“ Wi .:\n 1.‘ T T
il INJT T TONITTTITN Yl |
90 N y 1N 5 1 5 HiE
N\ My | £y | o [
. __\R OV T : I
70 ) N il | LY Hl |
Il DH-%. b \r/ I I T A
! g 1 | | -:\\ T
£ AR EE
€= | -‘¥ |
o ) = TSN SN :
u ' N ™ ]
E“’D T b T =
"y |I HHE!
30 BERS i -a'\
5 | T N [ SLOSUITTTT [
250 [ = e e ~ |
ot | .-",-}5__5 I |
18 | I | T == il | ! |
' |l | I (T T et =
i I 1N AR e |
1an 1o -0 ol 0-0l o-oal 0-000!
Grain  Site — Millimetres
L T FINE AGGREGATE
---------- Particle size limits of frost suscephible moterials
PETROGRAPHIC ANALYSIS: (NW 15/DH?@ 99
Quartzites i 31.3%
Limestone & dolomite 24,00,
Shale 16.3%
Cherts, dark 4,2%
Igneous rocks 4,9%
Deleterious components:
Ferrugeneous silistone and sandstone 15.5%
Calcareous siltstane and sandstone 3.7%

1A




SUMMARY OF LABORATORY TEST DATA

Sample Location: NW 15/DH ¢ NW 15/DH 10 GscC #18
Somple Depth (Feet): @ 4 -
Moisture Content (%): = - 8.9
ice Content (%): - - -

Organic Content (%):

I
|

GRAIN SIZE DISTRIBUTION:

c |osi an izes Silt Sizes 4
st “Sions TR T ST Ce DT v B
! Seive Sizes
160k i, i -ilﬁ‘ 2 %10 Yap "p®:p"po“zoo
e SIERLY, | N Qi vy IR I HIi
an} ™ Y'h\' - ST T T I 1111 D
PINLE W N M TTT1
80 A\ N M| 5 1 | [
Al | TR 11 ]
] i1l 19 TTTT [ |
0 \ "'L \\. | L N | | | 1
A S S 11 1
60 \ \.Fr A} ] LY | W] 1 |
& N\DH-10 N T RXIIITNE!
Fso NN N N ST | |
il GSC-1A . b AR |I'~+. | |
H b X ' | 1
Sap Iy, ~ | h
& [ T T T .
-— l r LY I
510 s G2 b !
= 1“"‘--. |\' — | e ¥ | \x |
dag L LT T ST
o ]
| Tttt |1 ] | e
| | 11 [T =L 7
L i 11T [(H11] | | HHE (LT T T ez
i I [T T T [T
[Tel4] 1] g 01 &0l o-0ol 00001
Grain  Sire — Millimetras
AGBHECICE FINE AGGREGATE
———=—====——=— Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SITE NO. NW 16X

Located approximately 7 miles northwest of Norman Wells, Site NW 16X is a
bedrock escarpment along the base of Discovery Ridge on the southern flank of

the Norman Range.

Type of Material: Limestone; slightly weathered, sound.
Estimated Volume: Mot established,
Assessment: This source is not recommended for development because

similar limestone may be processed from granular material
at Kee Escarpment (Site NW 4).

LEGEND
————— All weather rood sresessseeee Required access
————— Existing trails ond cutlines  -——+——-Site limit
------------ Proposed Gas Pipeline * e = « Proposed Mackenzie Highway
@ DH  Drill Hole = TP Test Pit

Airphoto No. A 22934/135 Approximate scale: 1" = 3,000




&
P PEMCAN SERVICES

ENVIRONMENT

Site NW 16X is located approximately 7 miles northwest of Norman Wells af the base of
Discovery Ridge on the southern flank of the Norman Range. The site is a large bedrock
escarpment approximately 2% miles in length and £ mile in width. The top of the escarp-
ment slopes gently to the southwest and eventually blends in with the adjacent flat terrain.
The site is divided into two major sections by an ercsion gully which has incised itself
through the bedrock escarpment in the western half of the sife. The general drainage is in
a southwesterly direction toward the Mackenzie River.

The site area is covered with a shallow mantle of glacial till and supports a relatively dense
stand of black spruce. The bedrock escarpment is of similar material as noted at Kee Escarp-
ment (Ref. Site NW 4), consisting primarily of blocky, sound limestone which is slightly
weathered ond fractured af the surface. The bedrock is interspersed with siltstone and sand-
stone beds.

The site does not traverse any known critical or important wildlife or waterfowl areas.

As nofed on the airphoto, access fo the site is currently available by utilizing the existing
seismic cutlines which traverse the site area at various locations.

DEVELOPMENT

This site is not recommended for development in view of the relatively inexhaustible sources
of potential quarried material from Site NW 4 aof Kee Escarpment. Any future development
of Site NW 16X would entail a quarry operation.

The data from the drill holes carried out on Site NW 16X confirms the relatively shallow
depth of overburden, which varies from 1% feet at DH 1 to slightly in excess of 9 feet at

DH 3. Gererally, it would appear that the overburden depth increases towards the western
portion of the site area. The petrographic analysis of the limestone bedrock shows the lime-
stone to be granulated and crystalline rather than fossiliferous. Siltstone encountered in

DH 2 is thinly laminafted, weok and may easily deteriorate when exposed to weathering
processes. Higher quantities of siltstone would adversely offect the quality of quarried
material .
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DETAILED DRILL HOLE LOG

SITE NO. NW 16X

HOLE NO. DH-1

DATE" JAN. 16,1973 [LOGGED BY: (3 PEMCAN O
DRILLING METHOR E conventional O EiRcOiAtion [ OTHER:
DEFTH UMNIEIED EE%I:U%?TIGLEE SAMPLE | DERTH
|Fant] 5?{':!21:1 GROUP MATER!&L DES{:RlpTlDN GEN'L . 5 TYRE [fowt)
SYMBOL CLasS | ciass | cont
ﬂ . iy ﬂ o=
1 Pt s TOPSCIL: little silt, organic WVr L
SILT: some clay, trace of sand,
1 Ml light brown Ve L L
I.5
LIMESTONE: slightly weathered,
2 sound, light brown Nbn p 2
3 9 —
35
TOTAL DEPTH 3.5
4 — 4 —

GOVERNMENT OF CAMNADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

i
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SITE NO. Nw 16X

DETAILED DRILL HOLE LOG

HOLE NO. pH-2

DATE® JAN. 16, 1973 [LOGGED BY: (31 PEMCAN O
PRILLING METHOD® () canEﬁITR:DNAL X é‘é‘cﬁfﬂ'ﬁéﬁ [ oTHER:
DEPTH GEDGLJ':I%QITIDI%E
MNIFI ) ZAMP
tromy | GRAPH | SECTED MATERIAL DESCRIPTION il
SYMEOL SYMBOL GEN'L M.R.C, EST'D
CLASS | CLASS | COMT.
0 0
SILT: some clay, few pebbles to
ML +" size, medium to dark brown MNbn | L
2 = 2
|
- few coal specks at depths
4 greater than 3,5 4
Vs |L-M
i ] ===
6 LIMESTONE: slightly weathered 6
fragmented, light brown to
L \_greenish grey ] Nbn
8 SILTSTONE: weathered, very 8
weak, greenish grey
10 10
12 - becoming more shale-like 12
in texture
14 14
Nbn
16 14
18 =No) 18
TOTAL DEPTH 18.0'
20 20
GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

PEMCAN SERVICES “72"




DETAILED DRILL HOLE LOG

SITE NO. NW 16X

HOLE NO. DH-3

DATE® JAN. 16, 1973 [LOGGED BY: [y pEMCAN [

SAMPLE | DEPTH

[fwnr]

PRILLING METHOD: ] convenTional X CIRCOLATION [ OTHER:
GROUND _Ict
DEFTH S UMIEIED CONDITIONS
[Fawr} GROUP N‘I.ATER[AL DESCRIFT‘DH N TYPE
sYmaoL GENL | wac. | estp
SYMBOL CLASS | CLASE | con,
0
SILT: some clay, few pebbles to Nbn | L
3/8" size, medium brown
2
ML-CL
4
5.0
5 CLAY: some silt, few 1" size
pebbles, coal specks, medium
Cl brown MNbn | L
8
9.0
TOTAL DEPTH 9.0"
10 1
-

0 —

10 7

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND MNORTHERM DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"




SITE NO. NW 17X

Located approximately 7 miles south of Norman Wells near Three Day Lake,
Site NW 17X is a large longitudinally duned, sand-beach ridge. Access from
Norman Wells along existing winter roads and cut lines is about 17 miles.

Type of Material: Sand; some silt, fine.
Estimated Volume: 3,000,000 cubic yards
Assessmenf: This site is not recommended for development because

of its current remoteness to Norman Wells and difficult
new access required across deeply incised creek channels.
Also, similer quality material in large quantities is
available at sites with better access.

LEGEND
= = — Al| weather rocd sessssseeneo Reguired access
————— Existing trails ond cutlines  -——-——-Site limit
=s=sssess=e= Proposed Gos Pipeline * = ===« Proposed Mackenzie Highway
© DH  Drill Hole & TP Test Pit

Airphoto No. A22842/14 Approximate scale: 1" = 3, 000
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ENVIRONMENT

Site NW 17 X is located on the glaciofluvial floodplain on the southern bank of the
Mackenzie River between Loon Creek and Stewart Cresk approximately 1 mile north-
west of Three Day Lake. This site which is very remotely situated relative to the com-
munity of Norman Wells, involves a crossing of the Mackenzie River; a total access
distance of 17 miles along existing winter roads and seismic cutlines is required bet-
ween Norman Wells and the site.

The site consists of a relatively narrow duned sandy beach ridge, approximately 21
miles in length, and rises 10 fo 30 feet above the flat, poorly drained adjacent terrain.
The sandy beach ridge contains very fine, silty eolian sand similar to the material en-
countered af Sites NW 5, 6, 7 and 11.

The sandy beach ridge represents the best drained terrain in this area which has enhan—
ced the growth of scatfered birch trees. The organic topsoil layer on the slopes of the
beach ridge is relatively shallow. The adjacent thermally sensitive and poorly drained
terrain is generally muskeg and supports clustered growths of tamarack and black spruce.

Site NW 17 X is within the extensive waterfow| migration and staging area which pare-
llels the Mackenzie River in this region (Figure 2). The area around Canol Lake and
Three Day Lake is trapped for beaver, mink and lynx by the natives of Norman Wells.
The river bank and islends in this area are hunted for moose in the fall. Stewart Creek
is @ migration route for fish between Three Day Lake and the Mackenzie River. A gill
net fishing operation is located near the mouth of Stewart Creek on the Mackenzie
River (Figure 2).

The existing access to Site NW 17 X consists of the winter road south from Noerman Wells
to the abandoned Canol airstrip and east along a poorer winter road to the site, which
represents a total haul distance of 17 miles. The existing access involves the crossing

of the Mackenzie River, a deeply incised Loon Creek valley and four additional minor
gullies.

DEVELOPMENT

Site NW 17 X is not recommended for development in view of its remoteness from the
community of Norman Wells, poor quality of material and difficult cccess to the site.
Similar quality in relatively large quantities is available at Sites NW 5, 6, 7 and 11
for development and utilization if demands for this type of material becomes necessary .

17-%2




SITE NO. NW 18

Located about ¢ miles east of Norman Wells, Site NW 18 is a narrow and small
sandy esker ridge.

Type of Material; Sand; trace of gravel,
Estimated Velume: 100,000 cubic yards.
Assessment: Low quality general fill. Mot recommended for

development unless there is a need for fill material
in the immediate vicinity of the source.

LEGEND
———— = Al| weather rocd swsmsseeessss Required occess
“““““ Existing trails and cutlines  -——:——-S5ite limit
sssssssnanes Proposed Gos Pipeline » === === Proposed Mackenzie Highway
@ DH  Drill Hele TP Test Pit

Airphoto No. A22934/99 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site NW 18  is located opproximately 9 miles east of Nerman Wells betwean £,0.T.
Lake and Bandy Lake and consists of a small discontinuous, sinuous esker ridge. The
esker is narrow and is approximately 2/3 mile long and varies in height from several
feet to a maximum height of about 20 feet. This esker appears to be of similar origin
and structure to the esker remnants investigated at Site NW 12.

Therefore, it is expected that this esker ridge is also composed mainly of silty sands with
traces of gravel. A relatively shallow layer of organic topsoil can be assumed fo cover
the esker ridge.

The esker ridge is well-drained and supports mixed growths of birch and spruce. The
adjacent terrain is poorly drained and is covered with muskeg characterized by growths
of tamarack and stunted black spruce. A greater muskeg thickness is anticipated at the
southwestern end of the esker ridge where the adjacent terrain becomes depressional
and is highlighted with numerous small lakes.

Access to the sife is currently restricted fo the winter road from Norman Wells and an
existing cutline to the southwestern end of the source area. Better and more direct
access fo Site NW 18  may become available when the proposed Mackenzie Highway
is constructed since the proposed route of the highway cufs through the northeastern
portion of the site.

DEVELOPMENT

The development of Site NW 18 for granular materials is not currently recommended
for the following reasons:

-  The quality of material available is very poor for granular fill and the volume
available is quite minimal.

- The current access to the site is very poor and involves a relatively long haul to
the community of Norman Wells.

-  The extraction of material from this site may have a considerable effect on the
terrain resulting in degradation of both vegetation and ground conditions.

- Better quality material of sites with better and closer access to the community are
available in the Study Area.

- The aesthetic value of the area will be considerably cltered by the clearing of a
relatively large area of terrain in order to forage for a comparatively small quant-
ity of material .
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ABANDONMENT AND REHABILITATION

Site NW 18 is not recommended for development. If, however, the site is developed
at a lafer date in order to meet increased demonds, then an assessment of develop-
ment procedures coupled with environmentally acceptable restoration guidelines
should be established in conjunction with the land use regulations that are in effect
at that time.

The results of the exploratory drilling which was conducted by the engineering consult-
ant for the Federal Department of Public Works has been included herewith for further
reference.




DETAILED DRILL HOLE LOG

SITE NO. NW 18

DEPTH
{Faut)

0

10

12

14

16

18

= HOLE NO. 996
DATE: MAR. 15, 1973 |\OGGED BY: [] PEMCAN [ R.M. HARDY & ASSOCIATES
DRILLING METHOD:: X CDNVEﬁ"F]DNHl ] gl?':lﬁf:?liéil D OTHER:
UNIFIED O ONDITIONS
ITIONS
SBAPH | oy MATERIAL DESCRIPTION e e e L L
5YMBOL |cLass | cuass | eonr.
0 —
SILT: organic, clayey, low Vx | H
OL plastic, dark brown, rootlets v | m
2.0 2 —
Cl CLAY (TILL): sandy, silty, medium
plastic, brown
_____ Vs | M i
- sandier ]
Nbe
high plastic 4
mottled brown
shale inclusions Ve | M
medium plastic B -
high plastic Ll e
grey 10 —
medium plastic Nbn
12 —
CH CLAY (SHALE): laminated, rust
fissured with clay deposited in 14
fissures, friable dry strength, 7
medium to high plastic, siltstone Ve | M
(sandy) beddings, high plastic,
grey, more intact with depth 16 —
Ve | M
18 —
200~ END OF HOLE 20.0 = 20

20

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS

INVENTORY

.

seRviIcESs 72"
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DETAILED DRILL HOLE LOG

SITE NO. Nw 18 HOLE NO, 997
DATE: MAR. 15, 1973 [LOGGED BY® [ PEMCAN B R.M. HARDY & ASSOCIATES
DRILLING METHOD: &] ¢oyyehitional O &iRciibcion [ OTHER:
DEPTH ; CLoNbITIoNS
A
ear) | GRAPH | UAIFIED MATERIAL DESCRIPTION el fpadtly
waos | S0 A
0 —
oL ORGANIC SILT: low plastic,black MNbn
1.0
ML SILT (TILL): clayey, sandy,
medium plastic, brown, pebbles, Ve |iM %
shale inclusions
4.0 4
SC SAND (TILL): clayey, medium :
plastic, brown, silt (till) and b
shalestone inclusions
g
10 —
Nbn
12.0 2=
CH CLAY (SHALE): high plastic,
14 grey 14
UF
16 = 16.0 16 H
=i SILTSTONE: fine, sandy,
=i hard, grey
18—l 18
20 1= 200" F\D OF HOLE 20.0 ‘ 20

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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SITE NO, NW 19

Located about 10 miles northwest from Norman Wells, the site consists of three
shallow sandy mounds (kame-esker groups).

Type of Material: SAND and GRAVEL; medium grained, well graded, trace silt
Estimated Volume: 1,000,000 cubic yards
Assessment: Good quality general fill. Possible consideration for concrete

sand. Existing access to site is very difficult, currently
Site NW 19 is not recommended for development.

————— All weather road sesseseceeee- Required occess

————— Existing troils and cutlines  -——+——:Site limit

SALEEREEEEE - Proposed Gas Pipeline  seme———- Proposed Mackenzie Highway
= DH Drill Hole = TP Test Pit

Airphoto No. A22934/134 Approximate scale: 1" = 3,000!
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ENVIRONMENT

Site NW 19 is located approximately 10 miles northwest of Norman Wells and consists
of one moderately sized and two small kame-esker complexes, These kame-esker
deposits range from 200 to 1500 feet in length and rise from several feet to @ maximum
of approximately 30 feet chove the adjacent flat margin of a former glacial lake basin.

The kames do not form regularly shaped knobs, and their surface is pitted and disturbed
by elongated troughs. It is very likely that the kames have been effaced by wind action.
The best source for granular material, relative to quonfities available, is the kame-esker
complex noted as "a" on the site airphoto.

The kames are considerably better drained than the adjacent ferrain, and are character-
ized by growths of birch with scattered black spruce. In general, the drainage of the
adjacent terrain is southerly towards the Mackenzie River.

There are no known critical wildlife areas in the vicinity of the site.
Access to Site NW 19 is restricted to the winter road from Norman Wells and 5 miles of

existing seismic cutline to the eastern edge of the site. The proposed Mackenzie Highway
route approaches within & mile of the southern extremity of this site.

DEVELOPMENT

The kame-esker formation noted as "a" on the site airphoto (ref. Page 19-1) was invest-
igated in defail with drill holes during the winter field drilling program and the following
subsurface conditions were noted:

- The material type, as denoted by the drill hole information, consists mainly of
medium grained, clean sands with interbedded strata of fine to medium grained

gravels. This material is of excellent quality for utilization as fill in most
construction requirements,

- It is considered that the medium grained sands may be suitable for utilization as
concrete sand with @ minor screening operation. However, this sand would have
to be analyzed in further detail for such considerations.

- The depth of overburden is very shallow ranging from none to only a few feet.

- The depth of expoitcble sands and gravels contained within portion "a" of Site
NW 19 is in excess of 16 feet.

Site NW 19 is not currently recommended for development for the following reasons:

The site is currently only accessible during the winter season and would entajl
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considerable upgrading of the winter road and seismic cutlines for the franspertation
of material.

- The access from the existing winter road along seismic lines entails the traversing
of thermally sensitive terrain.

It is suggested that the development of this site be delayed until the proposed Mackenzie
Highway is constructed into the site area as the highway will provide excellent access
from Site NW 19 to the community. In view of the above and with respect to o lack of
good quality natural granuler materials in the vicinity of Norman Wells, this site is of
significance to the requirements of the community .

- Possible use of heavy ripping equipment may be required for loosening the frozen
material if borrow pit operations are restricted to the winter season .

- Good quality concrete sand may be recovered from this site with only a minimal
screening requirement. Additional laboratory analyses would be required to fully
assess the suitability of this material in the production of concrete mixes.

ABANDONMENT AND REHABILITATION

Site NW 19 is not recommended for immediate development. If, however, the site is

developed at a later date when a short access road from the highway can be established,
then an assessment of development procedures coupled with environmentally acceptable
restoration guidelines should be established in conjunction with the land use regulations

that are in effect ot that time. In general, the following development guidelines should
be followed:

- The veneer of organic topsoil and peat should be stripped, removed and stockpiled
adjacent to the borrow pit area for the rehabilitation of exploited terrain. Such
stockpiles should be located at the outside site limits and preferably within the
site itself since the granular deposits are considerably less thermally sensitive than
the adjacent ground.

- Recontouring of the pit area to provide general droinage compatible with the
notural droinage of the adjacent terrain.

- Replacing stockpiled surficial material on the abandoned borrow oreas.

- Reseeding of the rehabilitated terrain may be considered although existing cutlines
indicate that vegetation cover will be naturally reestablished.



SITE NO. NW 19

DETAILED DRILL HOLE LOG

HOLE NO. DH-1

DATE: jJAN. 17, 1973

LOGGED BY: ¥ PEMCAN &

DRILLING METHOD: [ o, elonns ) ARCIEITRE L) oviee
DEFTH GEEEJ%DT :JCSE
UMIFIED 1710 SAMPLE
(toan | SRArw | CREE MATERIAL DESCRIPTION e i oy 3 R
SYMBOL CLass | cLass | conr,
0 g =
SILT: little sand, trace gravel,
ML medium to light brown Nbn | L
2.0 9
GRAVWEL: some sand, little silt
PRy VrVx [L-M q =
41 GM-SM
i
o
" J |
. -i- 1 T
SM s SAI:JD. [ HE,Sl t, medium Vi L
0~ grained, stratified Pam 8 —
16928 GM-GP GRAVEL: some sand, little silt, ﬁ" L-M
o medium brown ? 10 -
SAND: trace of gravel, well
graded, medium grained cs
12 =
\Vx L
Sw Ve
14 4
- MC
O GTAL DEPTH 16.0° e
18— 18

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERW DEVELOPMENT

GRANULAR MATERIALS INVENTORY

T
I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. Nw 19 HOLE NO. DH-2
DATE® JAN. 17, 1973 |LOGGED BY: [x] PEMCAN O
DRILLING METHOD: [ 0\ yeniRonar [0 AB-FEYERSE M orhEs:
e . O ONDITIONS: lsanpis DEPTH
[Fast] ;:"::‘ ahals MATERIAL DESCRIPTION TYPE | (Feur)
| symsoL i | Crase | corr
0 0
GRAVEL: some sand, little silt,
Gh light to medium brown B L
2 2.0 — 9 i
SAND: some gravel, well graded,
medium to coarse grained
4 - ]
SW mc] 4
G5
6 dNF | L 6 -
- becoming fine to medium
8 grained 8 —
10 10 —
- oceasional boulders at 11°
12 12 -
14 14 —
16 =34 g =
TOTAL DEPTH 16.0'
18 18 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY PEMCAN BERVICES “72
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SUMMARY OF LABORATORY TEST DATA

Sample Location: NW 19/DH 1 NW 19/DH 2
Sample Depth (Feet): 14 - 16 4-5
Moisture Content (9): - -

lce Content (%): - _

Organic Content (96): - -

GRAIN SIZE DISTRIBUTION:

Grovel Sizes Send  Sires 510 Sizes z
Coarse |Madium | Fina Coprsg] Medlum | Fine Clay Sizes
| Seive Sizes
e A Sl ®4 %10 "20 "s0%s0"i0o0 "200
| I "“--..‘-.‘: \t‘ T I *.\' Il T : T T ] I
i | M ] |l | 1 | ] T
8
§ ! \\:\\ \\ ! * |
T | C
1] LS :
\\l‘! \_‘ % | | |
T0 A \ M |
x“ Al | ¥ I
b | I ™%
E=Y I\ ST S |
(= 5y DH-T o 1 | T
E i "'*,h, ST : i N |
= H= i e ] |
S40 L |
< | L o I T (TR R .
- [ " I T by
<30 LN 1w | iR
o il il | | ~_ [l S
[ SN | <1111 S
! R ' L]
18 i | s S L {11117, . |
0 i I Pl I 1 O
= | | [l | 1T TN | ]|| ] (111 |
lele] 1o (B o1 01 a-0ot falislaln]]
Groin  Size — Milllmatras
COARSE
AGGREGATE FINE AGGREGATE
o e —— Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:




SITE NO. Nw 20

Located approximately 4 miles east of Norman Wells, Site NW 20 i< o small alluvial
cone at the mouth of Joe Creek on the northern shoreline of the Mackenzie River.

Type of Material: GRAVEL; coarse grained, well graded, some silt
Estimated Volume: 5,000 cubic yards
Assessment: Fair quality material for general fill, Limited volume does not

justify development of regular borrow pit.

=== ——=All weather read =~ seeeeeieenn Required access

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

sasssssennss 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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ENVIRONMENT

Site NW 20 is located approximately 4 miles east of Norman Wells immediately southeast
of the Ministry of Transport radio towers. The granular material deposit is contained in a
small aluvial cone on the north bank of the Mackenzie River at the mouth of Joe Creek.
The cone is approximately 500 feet wide at the river bank and narrows upstream along Joe
Creek. Stratified sandy and gravelly deposits overlie shale bedrock. The deposit is
above the high water level of the adjacent stream channel of Joe Creek.

A layer of organic topsoil and sandy silt, ranging in depth from 3 to 5 feet, overlies the
coarse gravel stratum. The gravel depesit is relatively well graded but is high in silt con-
tent. The organic topsoil supports a growth of shrubs, spruce and occasional birch.

Although the site is within the waterfow| staging and migration route (Figure 2), the proxi-

mity of the site to Norman Wells suggests that detrimental environmental effects are not
likely.

An all weather road from the radio tower installation at the western extremity of the site
provides immediate and good access to Norman Wells. A small borrow pit has been est-

ablished in the bank of the Mackenzie River near the mouth of Joe Creek.

DEVELOPMENT

Two exploratory test holes (DH 1 and DH 2) were drilled in Jonuary, 1973 on the northern
periphery of Site NW 20 in order to delineate the extremities of the in situ gravel pocket.
The data from the drill holes showed no gravel, which confirms the isolated and minimal
extent of the exposed gravel pocket at the mouth of Joe Creek on the north bank of the
Mackenzie River.

Site NW 20 is nof recommended for development because of small quantities of material
available.

However, because of good access to this site and the existing small borrow pit, minor
quantities of material can be extracted for local use (i.e. road extension in the vicinity

of radio towers, ete.). If such requirements arise, the following guidelines should be
cbserved:

- The source should be worked from the river side or its west boundary at the point
where the access road crosses the top of the river bank.

- The area to be exploited should be cleared and stripped, working from the river bank
inland to prevent silting of the creek and Mackenzie River. The topsoil should be
stockpiled north of the borrow pit for restoration of the excavated area ofter the re-
moval of granular materials.
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- If the source is to be used as @ maintenance pit, ifs faces should be graded to smooth,
stable slopes to prevent erosion. The pit floor should be graded and leveled.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures for this site should include:

- Recontouring of pit area to provide slopes which blend as far as practicable with
the natural contours of immediate area.

- The recontoured pit area should be resurfaced with the stockpiled waste topsoil .

20-3




NW 20/TP 1

DETAILED TEST PIT LOG

Old Test Pit (cut by a dozer)

Unfrozen
e

(ML)

INW 20/TP 2
Profile on River Bank ot Existing Pit

0.0

6.0

Unfrozen

0.0

Silt and Sand} brown

Gravel; some sand and
silt, trace of clay.

Topscil; organic, some silt,
few cobbles and boulders,
rootlets

Silt; little clay and sand,
grey, frequent pebbles, cobbles,
occasional boulders

Grovel; some silt and sand,
occasional cobbles.

Gravel; some silt and sand,
trace of clay.

5ilt; little sand, trace of
gravel .



SITE NO. Nw 20

DETAILED DRILL HOLE LOG

: HOLE NO. DH-1
DATE® pEc. 6, 1972 |FOGGED BY: (3] PEMCAN 0
ORILENG METHOD: [ oo s, 0 AESEG Doroes
DEFTH UNIFIED Gggwﬁnmlq? SAMPLE | DEPTH
fuet] ;;”:;1 GAOUF MATERIAL DESCRIPTION e | TYPE | (fean)
SYMBOL CLass u:h::s’.:s cone,
D —
TOPSOIL: some sand, little silt,
oL orgonic, dark brown vr LM
|.&
SILT: some clay, trace sand, low v L 2
to medium plastic, dark brown X
I ‘-
! ML - few pebbles at depths greater
than 3.5 UF
6 — 6 -
B — B —
895 —
10 - TOTAL DEPTH 9.5' 10 -

GOVERMMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND MNORTHEREN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. Nw 20

DETAILED DRILL HOLE LOG

HOLE NO. DH-2

DATE:

DEC. 6, 1972 |LOGGED BY: [ PEMCAN O
DRILLING METHOD: ] CONVEﬁlTnlomm ® #!IRRCEEI?%E: [J oTHER:
PTH G%%“”D?T :‘icsE
be r 10 sameLe | pep
[feer) | GRAPH | UNITIED MATERIAL DESCRIPTION THPE | Lhaur
SYMBOL SYMBEL GEN'L M.EC EST'D
CLASS CLASS COMNT.
0 . - - 0
S TOPSOIL: some silt, organic,
AN oL i rootlets, dark brown vs i
&= SILT: some clay, low plastic, ? —
few pebbles to 1" size, light
to medium brown
4 "o
ML
& UF 6
8 g
9.5 — ,
10 — TOTAL DEPTH 9.5 10 -
GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS s
AND MORTHERMN DEVELOPMENT P MG & & B
PEMCAMN SERVICE
GRANULAR MATERIALS INVENTORY




SITE NO, NW 21X

Located approximately é miles north of Norman Wells along the base of the northern
wall of Kee Escarpment, Site NW 21X consists of steep talus slopes and moderate
slope wash terrain.

Type of Material: Angular limestone fragments in a silty matrix.

Estimated Volume: 2,000,000 cubic yards.

Assessment: This site is not recommended for development because of the
extremely difficult access and high ice content of the in situ
material .
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ENVIRONMENT

Site NW 21X is located approximately 6 miles northeast of Norman Wells immediately
adjacent to the northern wall of Kee Escarpment. This site encompasses the talus slopes
at the base of the steep vertical cljffs along the northern edge of Kee Escarpment and
also the shallower slope-wash terrain to the west of the Kee Escarpment.

The northern wall of Kee Escarpment forms the southern boundary of a melt water channel
which parallels the Norman Range. The general site drainage flows to the north into the
headwaters of Bosworth Cresk which parallels the northern periphery of Site NW 21X.
Bosworth Creek is utilized as the water supply for Norman Wells.

The talus slopes along the north wall of Kee Escarpment consists of coarse angular frag-
ments and blocks of weathered limestone cemented in a silt matrix. In view of the
northern exposure of these deposits, a relatively high ice content is expected.

The northern and western flanks of the site areg are very sparsely vegetated with occas—
ional groups of spruce and famarack. There are no known critical wildlife areas within
the vicinity of this site.

Access to this site is very difficult because of the presence of Kee Escarpment. A new
access road of approximately 4 miles in length will have to be consfructed from the site
around the west end of Kee Escarpment and back to the all weather road ot the existing
quarry .

DEVELOPMENT

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

- The access to this site is very difficult becouse of the presence of Kee Escarpment
and a relatively lengthy new aecess road will have to be constructed.

- The northern exposure of the talus slopes suggests a high in situ ice content which
will add to the difficulties in the extraction ond utilization of the material.

- The talus slopes will have to be developed in an upslope direction from Bosworth
Creek and may detrimentally affect the environmental conditions of the headwater
regime of Bosworth Creek. Bosworth Creek is currently utilized as the water supply
for Norman Wells.
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Alluvium

Anhydrite

Annuals

Auvtoclave
Expansion

Berm

Biofic
Boreal
Boulder

Cartographic

Clay
Cobble

Colluvium

Conglomerate

Creftoceous

Crystalline

Delta Deposits
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GLOSSARY

Stream deposits of comparatively recent time, does not include
subaqueous deposits of seas and lakes.

A mineral, anhydrous calcium sulfate, CaSQO

. Orthorhombic,
commonly massive in evaporite beds.

4

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 aggregate reactions.

A horizontal portion of an earth embankment to ensure greater
stability of a long slope.

Of or pertaining to life or mode of living.

Pertaining to the MNorth.

A rock fragment larger than 8" in diometer.

Pertaining to @ map. In geclogy o carfographic unit is a rock or
group of rocks that is shown on a geologic mep by a single color or
pattern.

Soil particles smaller than 0.002 mm. in diameter.

A rock fragment between 3" and 8" in diameter.

A general term opplied to loose and incoherent deposits, usually at
the foot of a slope or cliff and brought there chiefly by gravity.

Rounded water-worn frogments of rocks or pebbles, cemented to=
gether by another mineral substance which may be of @ siliceous or

argillaceous nature.

The third and latest of the periods included in the Mesozoic erg;
also the system of strata deposited in the Cretaceous period.

Of or pertaining to the nature of a crystal; having regular melecular
structure.

An olluvial deposit, vsually triangular, at the mouth of a river.



Devenian

Delomite

Ecology

Eolian

Escarpment

Esker

Excess lce

Fauna

Flocd Plain

Flora
Fossiliferous

Geomorphelogy

Glacial Till

Glacicfluvial
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In the ordinarily accepted 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 at that time.

A mineral, CaMg (CO3)2, commonly with some iron replacing
magnesium; o common rock=-forming mineral .

The study of the mutual relationships between organisms and their
environments.

Deposits which are due to the fransporting action of the wind.

The steep face of a ridge of high land.

A narrow ridge of gravelly or sandy drift, depesited by a stream
in association with glacier ice.

lce 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 collectively of any given formation, age or region.
Containing organic remains,

The study of landscape and of the geclogic forces thatpraduce it.
It is the dynamic geology of the face of the earth. |t concerns
that branch of physical geograshy 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 deposits made by such streams.
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Glaciclacusirine Pertaining to glacial-lake conditions, as in glaciolacustrine
) ) deposits.
Gravel Soil particles smaller than 3" in diameter and larger than 2.0 mm

in digameter.
Ground Moraine A moraine with low relief, devoid of transverse linear elements.

Gypsum Alabaster. Selenite. Satin Spar. A mineral, Ca504, 2H50.
Menoclinic. A common mineral of evaporites.

Heterogeneous Differing in kind; having unlike qualities; possessed of different
characteristics; opposed to homogeneous.

Hummack A mound or knell.

lcing Mass of surface ice formed during winter by successive freezing of
sheets of water seeping from the ground, @ river or spring.

Kames A mound composed chiefly of gravel or sand, whose form is the
result of original depesition medified by settling during the melt-
ing of giacier ice against or upon which the sediment is aceumuiared.

Karst 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.

Lacustrine Produced or belonging to lakes.

Lichen Any of a group of low growing plont formations composed of a
cerfain fungi growing close together with certain algce.

Massif A French term adopted in geology and physical geogrephy for o
mountainous mass or group of connected heights, whether isolated
or forming a part of a larger mountain system.

Meadndering Condition of river that follows a winding path owing to natural
physical causes not imposed by external restraint, Characterized
by alternating shoals and bank erosion.

Moraine Drift, deposited chiefly by direct glacial action, and having con-
structional topography independent of control by the surface on
which the drift lies.



Morpholegical

Muskeg

Ordovician

Perennial

Permafrost

Petrography

Proglacial

Sand

Serees

Silurian

Sinuous

Slope Wash

Taiga
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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 year.

The thermal condition under which earth materials exist a @ 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 diemeter and larger than
0.06 mm. in diameter.

A heap of rock waste at the base of a cliff or a sheet of coarse
debris mantling e mountain slope.

The third in order of age of the geologic periods comprised in the
Paleozoic era, in the nomenclature in general use. Also the system
of strata deposited during that period.

Winding or curving in and out.

Seil and rock material that is being or has moved down a slope pre-
dominantly by the action of gravity assisted by running water that
is not concentrated into channels.

A Russian word applied to 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.
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Coarse angular fragments of rock and subordinate soil material
dislodged by weathering (temperature and moisture changes) and
collected at 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 o steep descending slope
on the other.

The earlier of the two geologic periods comprised in the Cenozoic
era, in the classification generally used. Also the system of strata

deposited during that pericd,

The thawing of frozen ground due to surface disturbance, increas-
ing femperoture, efe.

(Cave-in Loke), lakes which occupy depressions resulting from
subsidence caused by thawing of around ice.

Any of the vast, 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 investigations as presented under Site Descriptions. Specifically, the
explanations refer to the sheets entitled "Log Description and Laboratory 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 symbels (according to the Unified Soil Classification
System) and depths at individual soil type boundaries. Frost penetration is indicated fo
the left of the graph symbol as illustrated below:

c
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0 Peat; fibrous, wet
0.3
Clay; organic, high plastic
1.0
C -
R Sand; little silt, poorly
£ graded, saturated
=
2.5

Gravel; some sand, well
groded, saturated, from 3 ft.
frozen. Pebbles to 2 in.

5.0
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DRILL HOLE LOG DESCRIPTION

The general information, indicating Site No., Hele No., 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 a
columnar form as noted on the "exhibit" drill hole log data sheet on the following page.
A description of each column used is outlined herewiths

Column 1 and 9:  Depth scale outlining increasing depth of drill hole below existing
ground surface,

Celumn 2: Graph Symbol fo pictorially illustrate major soil divisions encountered
in the drill hole. A detfailed definition of each graph symbol is
explained in the Materials Classification section of the Terms and
Symbols.

Column 3: Unified Group Symbal indicating the cbbreviated material classifi-
cation in accordence with the Unified Soil 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 criterio outlined in the
Materials Cleassification heading in the Terms and Symbols section
of the Glossary.

The depths of ground water 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.

Column 6: N.R.C. Classification of Ground Ice Conditions contains abbreviated
symbols for ground ice in acecordance with the National Research
Council of Canada's "Guide to a Field Description of Permafrost for
Engineering Purposes", Technical Memorandum 79, A detailed
outline of the N.R.C. classification is contained in the "Ground lce
Classification” heading in the Terms and Symbols Section of the
Glossary .

Column 7: Estimated Content of Ground Ice Conditions refers, generally, to the
visual estimate of ice content in the soil formations encountered during
the drilling program. The following abbreviations have been utilized
for estimated ice content:




Column B:
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!'ILJ'I:_

lIMII;"

I E

indicates Low ice content with generally less than 10% jce.

indicates Medium ice content with generally 10% to 50%
ice.

indicates High ice content with generally in excess of
50% ice.

Sample 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 utilized for the various fypes of laboratory
tests conducted:

MC:-

GSi-

designates moisture content determinations.
designates grain size analyses including hydrometer tests.
designates Pefrographic analyses.

designates Hardness Tests in accordance with the standard
"Morr" classification for rocks and minerals,

designates Organic Content determinations.




SITE NO, 131

DETAILED DRILL HOLE LOG

HOLE NO. DH-]

DATE: rpm, 15, 1973

DRILLING METHOD: [x)

AR AR REVERSE ,
convenTional UJ CirclitaTion [ OTHER:

GROUND

1CE

DEFT A ErTH
oo | GRABH | unIED MATERIAL DESCRIPTION e o i
Sedgicinid MEC. | ESTD
CLASS | conT.
8 R
OL e TOP50OIlL: organic, dark brown i Nf| L
2
GRAVEL: some ET“%{E?H]E sand,
D _ frequent pebbles to }’-‘.‘gﬁzm 1
| GM-GP occasional boulders, me¥ium 1 Vs [L-M 4.4
brown
Q@ 6
T %%
s
¥y : -
ML YU T some clay, trace of rust
I ﬁl{f@_..___ and coal specks, frequent pebbles
] B T s iy LS N Sy o, R
]ﬂ""' i L 1 -l. BELE b MO AR R e i D ]U -
o medium brown
12 12.0 12

TOTAL DEPTH 12.0'

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY
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MATERIAL CLASSIFICATION

Soil types are designated by a modified version of the Unified Soil Classification System
("The Unified Soil Classification System", Technical Memorandum No. 3-357, Vol.l,
1933, the Waterways Research Station, U.S.A.). The following page defines these
terms and symbols. Letters appecring in porentheses denote visual identification which
have not been verified in the leboratory. If the soil falls close fo the bourdaries
established between the various groups o double symbol (for example GW-GP) is used.

Since the Unified Soil Classification System does not contain detailed subdivisions of
granular soils aecording 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 below:

Composite Sand=-Gravel Soils Composite Sand-Silt Soils
Percentages Identification Percentages Identification
Gravel; trace Sand Sand: trace - Silt
90 to 10 5 to 5
Gravel; little Sand Sond; trace + Silt
80 to 20 20 1o 10
Gravel; some Sand ) Sand; little Silt
é5 to 35 80 to 20
Gravel and Sand Sand; some Silt
50 to 50 65 to 35
Sand and Gravel Sand and Silt
35 to 65 50 to 50
Sand; some Gravel Silt and Sand
20 to BO 35 to &5
Sand; little Gravel Silt; some Sand
10 to 20 20 to 80
Sand; trace Gravel Silt; little Sand
10 to 90
Silt; trace Sand




MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR S0ILS

GROUP GRAPH LABORATORY
MA I
IOR DIVISION SYMBOL SYMBOL TYPICAL DESCRIPTION ELAE?#E;;;HON
A
R T L e = e o
ey ] et 2 2 P L &
oW c::;- il .Paﬁ_-g? :-I.rjils GRADED GRAVELS, UTILE OR MO c,,,:E'..s_“}c. - De1” =113
g CLEAN GRAVELS ' L, kb il Dya Bsa
= £ ALITTLE Of NO FINES) “'—'ﬂ-_'_
o 8E.. 2540 POORLY GRADED GRAVELS, AND GRAVEL
| viwas GP B, : N MIETHG
E i E:; =, d  ZAMD MIXTURES, LITTLE O 1O FINES ABOVE REQUIREMENTS
| ==
z e SILTY GRAVELS, GRAVEL-SAND.LILT ATIERGERG LIMITS
wd :E MIETURES COMTENT BELOW “A" LINE
gr uE |?u||$;?m?¢lt-ﬁ:rsl5§; OF FINES Pl LESS THAM 4
e e E FINES NCEEDS
gt CLAYEY GRAVELS, GRAVEL-SAND-ISITI e PITIEAREG: nirs
g CLAY MIXTURES v AR
£¢ Pl MORE THAN T
e
g WELL GRADED SAMDS, GRAVELL o D3l
wE N Y SANDS, P ET)
w I3 | U= —— 54 Cp= =71 to 3
& wz CLEAM SANDS HTTLE OF NO FINES By 4 e Big % Doy
o= K§ [UTTLE OR MO FINES)
8z o FOORLY GRADED SANDS, LITTLE OR MO NOT MEETING
: wEEE FIRES ABOVE REQUIREMENTS
z 27—
E Z£sia
i FIFS ATTERBERG LIMITS
E EEE : SILTY SANDS, SAND.SIT MIXTURES CONTENT BELOW “A™ LINE
& £z JDIRTY SANDS GF FINES Pl LESS THAN 4
iWITH BOME FIHES) EXCEEDS
CLAYEY SANDS, SANDISIT) CLAY 12% ATTERBERG LIMITS
MiETURES ABDVE A" LINE
PL MORE THAN 7
u . INORGANIE 3ILTS AND VERY MNE SANDS,
5 W 50 ROCK FLOUR, SILTY SANDS OF SLIGHT
nL FLASTICITY CLASSIFICATION
2 [gF IS BASED LRGN
8 £ W 505 INORGAMIZ SILTS, MICACEOUS OR DIATO. PLASTICITY CHART
@ 2 L MACEOUS, FINE SANDY O SILTY SOILS Liks balew)
o INORGANIC CLAYS OF LOW PLASTICITY,
EE = v W, 30% GRAVELLY, SAMNDY, DR SILTY CLAYS, LEAN
EE EEE LCLAYS
at | w335z
o ; INORGANIC CLAYS OF MEDIUM PLASTI
EE E Z I W 50% CITY, S3LTY CLAYs
B g
ﬂ“ ] Rt
g5 e W, >50% INORGANIC CLAYS OF HIGH PLASTICITY,
ot L FAT CLAYS
= |
=
= & ! WHENEVER THE MATURE OF THE FINE
7 £ ORG 5iLTS
g |ua, 5 W, < 50% el L L D ORGANIE BUTY | vitr MAS: NOT BESY HEERMINED,
§ | ESngf IT 15 DESIGNATED BY THE LETTER “F", E.G
Sl I o S 5F I5 A MIKTURE OF SAND WITH ST OF
ERUE= cLaY
Q =, Wy D3 E0% ORGANIC CLAYS OF HIGH PLASTICITY
=
HIGHLY CRGAMIC S0 o - STROMG COLOR OR ODOR, AND OFIEN
ILs Pt B e iy FEAT AND OTHER MIGHLY ORGANIC OIS HERGUS TEXTURE
PR G e S A

SPECIAL SYMBOLS

BEDROCK
CUNDIFFERENTEATLD)

SANDSTONE

SHALE

LIMESTONE

TaALUS
[engular rock frogments)

OVERBURDEM
(LU ERENTIATED)

LIMESTOME

4]

[frogments & blocks)

| i I ]
50 i ¥ ] 1 /
PLASTICITY CHART CH
04— FOR e
S0ILS PASSING MO 40 SIEVE
2 i
a0 :
* =
8 G MH
i
% § (=1 / 2
'g / oL
10 -
o 7 .
i el | ML
"
o 0 29 A 40 5o a0 70 ED &0

LG LIMIT %)

BN
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1. ALL SIEVE SIZES MENTICNED ON THIS CHART ARE LS, STANDARD, A S.T.M

BOUNDARY CLASSIFICATIONS POSSISSING  CHARACTERISTICS OF TWO
GROUPS ART GIVEN COMBINED GROUP SYMBOLS, E.G. GW-GC 15 A WELL
CRADED GRAVEL SAND MIKTURE WITH CLAY BINDER BETWELM 5% AND
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GROUND ICE CLASSIFICATION

TABLE 1
ICE DESCRIPTIONS
K. ICE NOT VISIELE™

Subgroup
Group Field Identification
Symbol Description Symbal
Poorly bonded Idenfify by wvisual examinatian. To determine
ar friable Hi presence of oxcess ice, use procedure under
- note!™ and hand magoifying lens as necessary.
H He oreess ice i Nbn For sofls not fully saturated, cslimale degree of
Wall-bonded e fco saturalion: medium, low. Nole presence of
Exceas ice

Hba cryslals or ol ice coalinga around larger padticles,

) Frozen soils fn the W group may, on close examination, indicate pressnce of jor within

the vards of the materia! by crystalline reflections or by a sheen on fracrored or trimmed
surfaces, The impression received by the vnaided eve, howsver, /s that none of the frozen
wator Dccuples space fn excess af the orfgdinal voids in the soil. The apposite §s true of frozen
souls in the V group (zes p, 14,

et When visual methods may be inadeguate, a simple feld test fo aid evaluation of valume

of excezs joa can bo made By placing sorne frozen sofl in a small far, allowing it to melt,
and ohsorving the guantifty of supernatant warer az a percentage of fofal velume.

INCHES

FIG A. ICE NOT VISIBLE

K Hbn Hbke
POCRLY BONDED WELL BOMNDED - WELL. BONDED-
N0 EXCESS ICE EXCESS ICE

peesnn:  som -] ICE - BB er B1
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TABLE T (cont'd)
ICE DESCRIFTIONS
B. VISIELE ICE—LESS THAN 1 INCH THICEMW

Subgroup
Group Fiold Idontificalion
Symbal Degcription Symbol
: Individeal ice For ice phase, rocord the following whan
cryptal er Vz epplicalila:
inclusions catton Size
Crienintion Shapa
Ico coalings Thickness Fattarn of arrangement
on particlens Ve Length
Spacing
v Handom or Hardness
irragularly Vr Structure | par Group C (see p. 1E)
crignied ice Colour
formabtions Estimale volume of vlsiblo zegregated ica
present as pereonlage of total sample volume,
Stratified or
distinotly Va
crianied ico
formaticns

! Frozea soils in the N group rmay, on close exsming tion, fndicate presence of oo within
tha voids af the marerral by crysialline reflections or by & sheen on fractured or trimemed
sutrfaces. The impression received by the unaidad eya, however, i3 that none of the froren
wafor ocoupres space fn excess of the oridinal voids in the soff, The opposite s trus af

froxen sodls in the V group,

FIG B. VISIBLE ICE LESS THAN ONE |NCH THICK

or— -
g o
T e ® /.
—_—
B r———————— |
. ] =
E L2 O B - [ e
o 4 : - e e e
= e e ST
-\--‘_‘_‘_‘—-_-n.
‘ ] e
5L —rTT i R .
L=t S ——
(1
Yz Ve ¥ Vs
IROIYIDUSL IEE ICE COATINGS RANDOM 0OR STRATIFIED OR
IMCLUSIONS CN PARTICLES IRREGULARLY CISTINCTLY
GRIERTED ICE CRIENTED ICE
FORMATIONS FORMATIDONS
LEGEKD soib = [ e = =X
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TABLE 1 [eonl'd)
ICE DESCRIPTIONS
€. VISIBLE ICE—GREATER THAN 1 INCH THICK

Subgroup
Group Field Identification
Symbal Descripion Symkbal
Ice with soil ICE +- Designale material as ICE™ and uss dosoriptiva
inclusions soil lypa terms as lollows, usually ove item from each
ICE garoup, when applicable:
Ice without ICE Hardness Structurs )
soil inelusions BARRD TLEAR
SOFT CLOUDY
(of mass, nol POROTIS
individual CANDLED
erystals) GRANULAR
STRATIFIED
Colour Admixturea
(Examples): {Ezamples):
COLOURLESS CONTAINS
GRAY FEW THIN
ELUE SILT INCLUSIONS

W Where special forms of ice such as hoarfrose can be distinguished, more explicit descrip-
tion should be given. )

) Observer should be careful fo avoid being rmisled by surface scratches or frost coating
en tha ice.

FIG C. YISIBLE ICE GREATER THAN ONE INCH THICK

0 —
I -
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L)
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ICE & SOIL ICE
ICE WITH S0IL ICE WITHOUT S0l
IHCLUSIONS INCLUSIONS
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TABLE I
TERMINOLOGY

Ica Coatings on Particles are discernible layers of ico found sa or balow the larger soll particlas

In & frozen soil mass. Thoy are sometimes assecislod with boarfrast crystals, which bave grown inte
volds preduced by the freezing action,

{ce Crystal is & very emall individual ics particls visible in the face of a soil mass, Crystals may be
present alome or in combination with other ice formationg,

Clear Jee is rensparent and containg only & medarate numbar of air bubbles.

Cloudy Ice is rolativoly opaque dus to entrainod air bubbles ar other 1o nsons, but which is essentially
pound and non-pervious.

Poraus fee conlaing numorous voids, ueitally intereconeciad and usually resulting from melting at
air bubbles or along erystal interfaces from prezanco of selt or other maforials in the watsr, aor fram
the freezing of saturatod saow, Though porous, the maes relaiss its structural usily

Canti.rnd' fzoiaico thal has rotled or otherwizs formed into long columnar erystals, very loonely bondad
together.

Gra.tréufar Ice 15 composnd of coarse, more or Jess equidimonsional, foe crysials weakly bonded
{ogether,

Tea Tansns ave lantirnler les formations in aoll cocvrring szssntislly perallel 1n pach olesr gomom=lle
normal to the direction of heal loss and cammonly in ropeated layors,

fce Segrogdation ia tho growlh of lce es distingt lonsas, layors, veing, and masseg 1 pails commaaly
but nol always, eriented normal to direction of hoat losa,

Weall-bondad sigritios that the soil paricles are Etn:'nilh- held togethar by (e fce and that the frozen
soil possessos relatively high rosistanca lo chipping ot bresking. .

Poarly-bonded signilies that the soil particles ara waskly held logether by the ice and that the
frozen soil consequently han poot resstencs to chipping ot breaking,

Frieble denotes extromely weak bond between soil particles, Material is oanily broken up,

Exceas Jca signifies ice in excens of the fraction that would be retained as waler in the gail voids upon
thawing,

For a more complote list of terms generally accopted and used in current literature on Froot and

Parmalrost soe Honoion, F. "FROST AND FEAMAFROST DEFINITIONS", Highway Rasearch Heard,
Butletin 111, 1955,

xv




i

PEMCAN SERVICES

EXPLANATION OF TERMS AND SYMBOLS
WILDLIFE AREAS

Wildlife boundaries and information presented in the Community and Intercommunity

reports has been exiracted 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 “critical” and "important" wildlife, waterfowl
and fishery resource areas are outlined on the respective map presentations. Any
wildlife, waterfow! or fishery resource area which is acknowledged as being "critical®
is outlined in red ond is nofed with the word "critical” within the boundary of the

respective area. MNon-critical areas are outlined as follows:
- Wildlife areas are outlined in red.

- Waterfow! areos and, in the case of Fort Simpson, hunting locales, are cutlined

in yellow.
- Fishery resource areas are outlined in blue.

Outlined wildlife oreas include both regions of known wildlife habitation and regions

which have been historically trapped by northern residents.

Waterfow! areas include migration, staging, molting and nesting locales which are of

significance in the respective Study Areas.
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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;

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.

e S Indicates known or potential spawning areas or domestic

fishing locales.

Pertinent wildlife areos are discussed in the Methodology=Evaluation 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 "critical” and "important” wildlife, waterfowl
and fishery resource areas are outlined on the respective map presentations. A brief
description relating to the significance of each area is included within the outlined boundary.

Areas thet are classified as "eritical” are so noted on the maps.

Symbols used on the maps are illustrated and explained as follows:

~—--——-Approximate boundary of wildlife area.

¢
T—|ndicates which side of boundary line is area defined. In

otherwords, the area below the boundary line is of signifi-
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cance to wildlife.

g —Approximate boundary of waterfowl area.
“““““ ~~Indicates which side of boundary line is area defined.
In other words, the area below the boundary line is of

significance fo waterfow!.

Indicates broad migration flyways utilized by waterfowl .

<>

Significent fishery resource information such as migration routes 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 repert. Similar documentation is also presented for sites which

occur in significont wildlife areas inthe Site Description section of the report.
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