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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 and 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 Inventory. 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 granulor material deposits in the

intermediate areas between the respective communities.

Part 1 of the investigation for the grcnulgr materials has been carried out by PEMCAN
Services "72" in accordance with the Terms of Reference as specified by the Depari-
ment of Indian Affairs and Northern Development. The results of the investigation per-
taining 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 inter-

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

construction.

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

to the undertaking of the field investigation.

Location, testing and classification of all granular and potential bedrock
quarry materials within the specified search area and recommendations for

their best use.

The data compiled for each site will include:

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

Grain size distribution

Petrographic analysis

Moisture content

Ice content

Organic content

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

several pits can be developed in the same general area.

d) Evaluate the best access routes from prospective sites to 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 a manner to

minimize terrain disturbance.

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

the Study Area.

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

materials are available.

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
consultants. In particular, we wish to acknowledge the assistance, guidance and liaison
provided by Mr. H.D. Dekker, Chairman, and other members of the Granular Materials
Working Grg:;up.
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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.

Airphoto interpretation of prospective 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 are used as
location plans for catalogued sites. Air mosaics scaled at 1"=1,000', showing revised
‘route locations for the Mackenzie Highway were provided by The Federal Department of
: Public ‘Works or their respective engineering consultants. In accordance with the terms of
-reference as established for the studies of both PEMCAN and the respective consulting
groups under The Federal Department of Public Works, integrated field programs were
‘initiated between the parties in order to facilitate orderly and systematic investigations

in the field.

The preliminary field work, carried out in September and October, 1972, commenced
with aerial reconnaissance in order to catalogue and assess sites within the Study Area.
Sites were evaluated by means of aerial and ground reconnaissance and, in some cases,

by test pits, which were excavated, logged and sampled to depths ranging to eight feet
below the ground surface. Natural outcrops were also catalogued and respective samples
secured. On the basis of the airphoto interpretation and preliminary field reconnaissance,
twenty-six sites were catalogued and assessed in the Fort Norman to Norman Wells Inter-

community Study Area.

Of the twenty-six catalogued sites, nineteen were evaluated in detail by means of drill
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hole and/or test pit data. These sites were investigated by both PEMCAN and the respect-
ive consultants undertaking studies on the proposed Mackenzie Highway by authority of
The Federal Department of Public Works. Data from these investigations is incorporated

in the Site Description section of this report.

All sites catalogued and assessed within the Fort Norman to Norman Wells Intercommunity
Study Area are shown on the location map in the Summary section of this report. Sites
which have been drilled and/or test pitted within the Intercommunity Study Area are shown
on the location map by means of a solid triangle. Sites within this category which are
"Not Recommended” for development are followed by the suffix "X". Drilled and/or test

pitted sites are discussed individually in the Site Description section of the report.

All other sites within the Study Area which have been recorded and catalogued are shown
on the map by an open triangle symbol. These sites are evaluated in the Site Description
section of the report with respect to location, geomorphic characteristics, material type,

overburden and vegetation, access, suitability of material and environmental considera-

tions. These sites were not drilled for various reasons including remoteness, poor quality

and/or limited quantity of material, limited and/or severe access requirements and envir-

onmental considerations including thermally sensitive terrain conditions.

Material samples secured from outcrops, test pits and drill holes were shipped to Calgary
for laboratory analyses which included grain size distribution, petrographic analysis,
moisture content determination and hardness tests. In specific cases the samples or com-

bined samples were tested for resistance to mechanical dbrasion.

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 is based upon airphoto interpretation, field reconnaissance and field
drilling records. Except on sites where drill holes penetrated the total depth of the gran-

vlar deposit, the average thickness of individual deposits was generally estimated from

morphological and geological features or with respect to thickness indicated by natural

2
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outcrops. However, the estimated volumes should be conservative since adjustments were
made for variables such as drainage conditions and sloping ground along the outer limits

of the deposit.

The Fort Norman to Norman Wells Intercommunity Study Area is shown in relation to the

other Intercommunity Study Areas on the Index Map (Figure 1).

In addition to the sites in the Intercommunity Study Area, the location map included in the
Summary section of the report also illustrates the sites catalogued and assessed in the com-
munities of Fort Norman and Norman Wells. These reports are submitted under separate

cover.

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

are explained in the glossary.
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GEOMORPHOLOGY

The Fort Norman to Norman Wells Intercommunity Study Area, as illustrated by Figure 2,

lies within two physiographic subdivisions, namely:

- 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 along the eastern

side of the Study Area.

The Mackenzie Plain is primarily covered by glacial, glaciofluvial and glaciolacustrine

deposits. The glaciation has resulted in a generally flat to gently rolling topography .

The bedrock within the Mackenzie Plain consists of greenish grey Devonian and Cretaceous
shales, siltstones and mudstone. These strata are locally exposed in the Mackenzie River
bank, in its deeply incised tributaries and occasionally along the northeast margin of the

Plain. The bedrock is mostly covered with varying thicknesses of glacial drift.

Glaciation has produced morainal till deposits which were surficially reworked by melt waters;
these deposits were subsequently covered with glaciofluvial and glaciolacustrine silts, clays
and sands. These deposits, which cover the entire southwest Mackenzie River bank, are

also 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 northeast
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 has 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 gradually ascends to the foot of Discovery Ridge. Devonian

4
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crystalline and fossiliferous limestones are exposed in localized escarpments while less com~-
petent shales usually outcrop only in deeply incised stream channels. In general, the bed-

rock 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 ice contact deposits, such as eskers and kames, consist predominantly of sandy materials

that form thicker layers in a few localized areas.

The Franklin Mountains unit is represented by the rugged Discovery Ridge of the Norman

Range and the Bear Rock massif in the southern section of the Study Area.

In the Discovery Ridge, numerous exposures of Devonian limestone form steep walls with
talus accumulations of broken and eroded material at the base. The talus generally consists
of various sized limestone fragments and blocks. Relatively large fluvial fans, containing

coarse grained material, are frequently formed at the mouth of individual erosional gorges.

The Bear Rock massif and its northwesterly extension consists of Devonian, Ordovician and
Silurian limestones and dolomites and Cretaceous shales. Karst erosion is common in the
carbonate rocks. Rock walls are usually mantled with scree and talus accumulations along

the base and alluvial fans have been formed at the mouths of some of the erosional gorges.

Current erosional processes affect both the rock faces in the Discovery Ridge area and the
slopes along active stream channels within the Mackenzie Plain. Stream beds contain gran-
ular deposits, the gradation 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
generally encountered close to 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 the high water mark and contain fine grained material.

A shallow organic soil layer, topped with several inches of peat and moss is usually encoun-

tered outside of rugged or recently eroded areas. Low and poorly drained terrain is occasion-
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ally covered with a thicker organic section. Fine grained glaciolacustrine deposits in
depressional sections of the Mackenzie Plain commonly exhibit thermokarst features as char-

acterized by lakes and deeper muskeg bogs.

Terrain covered by glaciolacustrine deposits, consisting of silts, fine grained sands and
occasional clay layers, represent areas deficient in granular materials. Morainal deposits
containing heterogeneous mixtures of silt, clay and sand interspersed with some pebbles and
cobbles are also very poor sources of granular deposits. Alluvial floodplains and terraces,
with the exception of Little Bear River and certain segments of Vermilion, Prohibition,
Christina, Francis and Canyon Creeks consist primarily of silty and sandy materials with
gravel beds at depth. All of these deposits usually have high water or ice content, especially
if covered by thick layers of organic soil. Moreover, potential environmental hazards
relative to the exploitation of granular materials may curtail the development of these pros-

pective deposits.

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

purposes .

In the Fort Norman to Norman Wells sector of the Study Area the following landforms usually

contain exploitable natural granular materials:

- lce contact deposits, such as eskers, kames and esker-kome complexes, contain both
sand and gravel, with occasional silt and clay pockets. They are widely scattered

on the northern side of the Mackenzie River.
- Glaciofluvial outwash plains and channel deposits along the Little Bear River and
outwash trains west of Bear Rock contain predominantly sandy gravel of excellent

quality with some sand beds.

- Alluvial fans, of both an active and fossil nature, which are usually deposited at
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points where stream channels on the east side of the Mackenzie River enter the flats
of the glacial lake basin, contain granular deposits ranging from silty sand to coarse

gravel . They are irregularly stratified and pocketed.

- Talus and scree deposits as well as cones mantling the base of Bear Rock and Discovery
Ridge consist of variously sized limestone fragments and blocks with sand and silt

sized particles.

- Beach ridges and abandoned strand lines, consisting of silty sands and gravels do not
normally contain large quantities of material. These deposits are relatively common

east of Norman Wells.

- Dunes and duned beach ridges containing poorly graded, fine silty sand are frequently

noted on the south side of the Mackenzie River.

- Carbonate rocks exposed in the Franklin Mountains, namely in the foreslopes of the
Discovery Ridge and in the Bear Rock massif, are generally suitable for manufactured

aggregates.

The Study Area lies within the discontinuous permafrost zone. Excess ice is common in fine
grained soils and its content may range 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.
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TERRAIN PHOTOGRAPHS - FORT NORMAN TO NORMAN WELLS

Flat to gently rolling glacial and glaciolacustrine terrain of the
Mackenzie Plain. Bear Rock is on the horizon at left.

Terrace and channel deposits in Vermillion Creek, approximately
25 miles southeast of Norman Wells (Ref. Site 266X).
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ENVIRONMENT

The Fort Norman to Norman Wells Intercommunity Study Area is geographically located in
an area that offers considerable use and development of both water and land environments.
The area is particularly enhanced by the Mackenzie, Great Bear and Little Bear Rivers,
which add aesthetic and recreational values to the region. In the southern section of the
Study Area, Bear Rock adds scenic values as it rises some 1,000 feet above the surrounding

floodplain and muskeg terrain.

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

features within the Study Area.

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 vegeta-
tion 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 as characterized by the till plains in the Study Area generally
contain 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 gullying.

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

Upland mountainous terrain, characterized by rock outcrops or bedrock thinly covered with

a veneer of debris, as on Bear Rock and Discovery Ridge, usually contains minimal ice eontent
within the bedrock except for shale where fractures may be ice filled to depths in excess of
100 feet. The overlying debris usually contains low to moderate ice content. Creep, slides

and rock falls are common on steep slopes in this terrain as are mudflows and flash floods.
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In general, the more favourable granular material sites in the Fort Norman to Norman Wells
Intercommunity Study Area tend to be located on fairly well drained geomorphic features

that contain relatively low 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
disturbed. In such cases, detrimental terrain reaction should be limited by sound development
procedures such as the incorporation of protective measures for the retainment of vegetation
ground=insulation layers and the selection and utilization of adequate fill materials for access

roads .

Vegetation

In the section of the Mackenzie Valley within the Fort Norman to Norman Wells Intercom-
munity Study Area, the Boreal forest region of Canada is restricted to a narrow extension that
parallels the ancient Mackenzie floodplain along the inner valley. As illustrated by Figure

3, the Study Area lies within the northern reaches of this Boreal forest extension.

The dominant tree species in the Fort Norman to Norman Wells Intercommunity Study Area are
black and white spruce, tamarack, birch, willows and alder. Poplar is near its northern

limit in the Fort Norman area and is only occasionally seen. The ground cover is predomin-
antly mosses, lichens, sedges, herbs and shrubs. The vegetation ranges from commercial

growths on river islands and alluvial flats to scrubby growth and treeless muskeg.

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

alder.

Benchland areas that are underlain by fine-grained materials with shallow permafrost gen=

erally support poor growths of willow, alder and in some cases, black and white spruce.

9
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Well drained benchland areas generally support well developed growths of birch and

spruce.

Mountain slope vegetation ranges from spruce growth near the base to spruce, some birch

and occasional poplar on the overburden-covered flanks.

In the Fort Norman to Norman Wells Intercommunity Study Area, natural regrowth of vege-
tation on existing cutlines and clearings suggests that in general, regeneration of disturbed
areas will occur especially if the nutrient zones within the topsoil layer are left undisturbed.
In cases where borrow pit developments are abandoned, it may be feasible to artificially
reseed and fertilize the area with annual and perennial stocks in order to promote growth

cover prior to reestablishment of natural vegetation.
Wildlife

Wildlife species of both Arctic tundra and Boreal forest utilize the Fort Norman to Norman
Wells Intercommunity Study Area and adjacent regions. For the most part the utilization of
this area by waterfowl, wildlife and fishery resources is based upon seasonal migration patterns
that generally follow the Mackenzie River Valley. There are no known critical wildlife

areas in the Study Area; however, the entire region along the Mackenzie Valley is classified

as an important wildlife region by the Canadian Wildlife Service.

The Fort Norman to Norman Wells Intercommunity Study Area lies within a broad migration
flyway and staging area that is utilized by various waterfowl including swans, geese and
ducks during spring and fall migration. The central portion of the Study Area including the
Mackenzie River, the sandy islands and both bank areas is utilized as a spring staging area
for snow geese, whistling swans, white=-fronted geese and various ducks. These areas are

shown on the Site Location Map in the Summary section of the report.

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

Bear, and Little Bear Rivers and include both resident species and those that seasonally

10
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migrate through the respective river systems. The Great Bear River is particularly important
to fishery resources as potential spawning gravels occur along the entire length of the river.
The area around the mouth of the Great Bear River is noted for its importance as a domestic
fishing area to the residents of Fort Norman. The area immediately upstream from the mouth
of the Brackett River is reported to contain spawning gravels that are utilized by grayling.
Little Bear River is noted as an early summer migration route for chub; Vermilion Creek is
tentatively reported to sustain upstream movements of grayling during September and October.
A domestic fishing area is located at the mouth of Stewart Creek approximately eight miles

southeast of Norman Wells.

Hunting and trapping is periodically undertaken by residents of Norman Wells in the area
along and two to four miles inland of the east and west banks of the Mackenzie River from
the townsite, southeastwards to the vicinity of Halfway Islands. The area around Three Day

Lake is also hunted and trapped for moose, beaver and mink.

1




MATERIAL TYPE ESTD OVERBURDEN
SUITABILITY ESTIMATED RECOV GROUND METHOD HAUL ASSESSMENT
SITE OF VOLUME DEPTH DEPTH ICE OF DIsT ENVIRONMENTAL OF
NO DESCRIPTION SYM. MATERIAL {cu. yds.) (feet) TYPE (feet) DISPOSAL {Content) DRAINAGE EXTRACTION | (miles)| CONSIDERATIONS SITE
#*259X% | Siit: sand & ML Unsuitable N/A — Topsoil 12 — Medium Well =4 6': No Critical Not Recommended
gravel layers & Peat to High Drained to Wildlife Areas
Adjacent
Terrain
* 260X | Sand. fine SP Very Marginal 250,000 +20 Topsaoil 1 = Low Well - 5 No Critical Not Recommended
Fill Drained to Wildlife Areas
Adjacent Sensitive Terrain
Terrain
* 261 Bedrock - Most Construc- Unlimited +50 Topsoil +1 Strip & Waste Very Low Good to Quarry 0 No Critical Recommended for
Limestone tion Aggregates & Till or Stockpile Southwest Blasting & Wildlife Areas Development
Crushing
262 Sand; ittle SM- General Fill N.D — Topsail - Strip & ND Fair to Conventional 3 No Critical Poor Prospect
gravel & silt GM Stockpile Adjacent Wildlife Areas
Terrain
263 Sand & Gravel; SM- General Fill N.D - Topsoil —_ Strip & N.D. Fair to Conventional +3 No Critical Fair Prospect
silty GM Stockpile Good to Wildlife Areas Difficult Access
Adjacent
Terrain
264 Bedrock: —_ Most Construc- N.D — Topsoil — Strip & N.D Good to Quarry 3 No Critical Good Prospect
Limestone tion Aggregates & Drift Stockpile West Blasting & Wildlife Areas
Crushing a3
LEGEND
* 265 Bedrock — General Fill N.D +20 Tapsoil ‘2to Strip & Waste Low Good to Conventional; No Critical Possible —
shale & Till +14 or Stockpile Southwest Possible Wildlife Areas Development }'
Quarry at Adjacent to Stream <
Depth
* 266X | Gravel: silty GM General Fill N/A +5 Organic +'; — None Into Stream = 0 Within Active Not Recommended . fg
Silt Channel Stream Channel ressssesee-Community
) Sites drilled or f
* 267X | Silt & Sand: ML- Unsuitable N/A - Topsoil 1 = Lowto well 1 No Critical Not Recommended test pitted
fine SM Medium Drained Wildiife Areas intercs it P
e ST 1 mmunity
* 268X | Gravel. sandy GP- | General Fill N.D +2 Topsoil 1 — Low Fair to Paor | Conventional [0} No Critical Not Recommended Vi
GM & Peat to South Wildlife Areas e
269 Sand & Gravel: SM- | Vvarious Canstruc- | N.D. — Topsoil - - N.D Into Stream | Conventional 0 Within Active Not Suggested for """""“-'"Communny
silt layers GW tion Aggregates & Silt Channel with Stream Channel Development Sites not dri lled S T
Deedging or test pitted SE
* 270 Gravel: sandy GwW General Fill; 200.000 3to 15 Topsoil 'a Strip & Low Good to Conventional 0 No Critical Recommended for |n?orcommumly
Base & Surface & Peat Stockpile West Wildlife Areas Development
Courses
271 | Bedrock — | various Construc- | N.D n Topsail = Strip & ND Well Quarry +3 | No cCritical Fair & N S -s=Proposed Mackenzie Highway
Limestone tion Aggregates & Drift Stockpile Drained Blasting & Wildlite Areas; Good Prospects R \j‘f)’/ 4
& Shale Crushing Adjacent to Stream ] d N '16! . T
M-l h, //lkf ¢ Q meNmmmmeany e Proposed gas pipeline
#272X | sin: sandy ML- | Unsuitable N/A . Topsoil 1 = High Good in all - 1 | NoGrtical Not Recammended A ~— § . 9 pip Ll 7]
& clayey MH & Peat Directions Wildlife Areas - 4 } f/‘*
o
* 273X | Sand & Gravel; SM- | General Fill N/A - Topsoil 1 - Low Fair to Conventional 0 No Critical Not Recommended A ““"'""""“Archoologicul site /
siity GM Southwest Wildlife Areas b {
. of -
* 274X | Sand: silty SM- | Very Marginal N.D. - Topsail 1 —_ Low to Fair to Conventional 1] No Critical Not Recommended \\J/ 7 M g 1 8 i)
fine sp | Fil Medium | Southwest Wildlite Areas | Bt e seeecWildlife resources 1 :
% RS
* 275 Sand & Gravel: SM- General Fill 2.000.000 +15 Topsoil 2 Strip & Waste Very Low Good to Conventional 1 No Critical Recommended for . — \
silty GM & Silt or Stockpile Southwest Wildlife Areas Development ) w ' ' 1
R fererreresesc-Watertowl resources
*276 Sand & Gravel SM- | General Fill 200,000 +5 Topsoil 1104 Strip & Waste Low Good to Conventional [ No Critical Possible Al @ ‘\, P ar
silty GM Silt & or Stockpile Adjacent Wildlife Areas Development L = (: i
o) Gl pelscentiosiias PR e oBoundary of corridor study area
e
277 Sand: some SM- General Fill N.D. - Topsaoil — Strip & N.D Fair to Conventional 2" No Critical Poor Prospect %\
gravel & siit GM Stockpile Adjacent Wildlife Areas
Terrain T mm——— cereessessCommunity  study area \L
ooz
*278 Sand & Gravel SM- General Fill. 2.000.000 +15 Topsoil 1 Strip & Low Good to Conventional 2 No Critical Recommended for =
silty GM Base & Surface & Sit Stockpile Southwest Wildlife Areas Development
Courses
*279 Sand & Gravel, SM- | General Fill 1,000,000 +12 Topsoail 2 Strip & Low Good to Conventional 0 No Critical Recommended for Scale 1 =250 000
silty GM & Silt Stockplle Adjacent Wildlite Areas Development Miles 5 i i i
Stream Adjacent to Stream o 0 5 Milles \
—
* 280 Sand & Gravel GW- | General Fill 1.500,000 10 Topsoil 1 Strip & Low Good to Conventional 1 No Critical Recommended for v S —————————— )
swW Base Course & Peat Stockpile Adjacent wildlife Areas Development Kilometres 5 0 5 Kilométres
Stream Adjacent to Stream 1\
ot 2
* 281 Sand & Gravel: SM- General Fill 2.000.000 10 Topsoill 1 Strip & Low Good to Conventional 2% No Critical Recommended for i/}
silty GM | Base Course & Silt Stockpile Southwest Wildlife Areas Development X LT \ = . -
*282x | Sil. Sand SM- | General Fill ND 2 Topsoil 1 - Low Poor to Fair - 0 No Critical Not Recommended L X } i ) { s % C}b BN
& Gravel GM & Sil to Adjacent wildlife Areas v @f'r‘—"\\_ ) M -4 . 7 e
Stream S =l ) _2 R ‘g M \ N
_ H ar / o § ; )
283 Sand & Gravel; SM- General Fill N.D. — Topsoll — Strip & N.D Fair to Conventional 1% Mo Critical Fair Prospect 3 ¥ 4 L 2
silt pockets GW & Silt Stockpile Poor to Wildlife Areas; (3
Adjacent Adjacent to two A « y
-~ -
Streams Streams ‘6 G
=
~
* 284X | Silt: clayey MH Unsuitable N/A — Topsoil 12 = Medium Good to - 2 No Critical Not Recommended L l}: &
8 Peat Southwest Wwildlife Areas i k.
Notes,
— SITE NUMBER * Represents sites that have been drilled and/or test pitted; these sites are shown as solid
triangles on the topographic strip maps E
X Drilled and/or test pitted sites “Not Recommended" for development DRAWN
— ESTIMATED VOLUME N/A Not Applicable because the site doss not contain materials of granular quality L WK, GOVERNMENT OF CANADA
N.D  Not Determined L
. | . Pl K » [eneces DEPARTMENT OF INDIAN AFFAIRS AND NORTHERN DEVELOPMENT
— DRAINAGE. Rating as shown generally refers to drainage conditions within the site. 11’].' e, 7 “ e
) . L
— METHOD OF EXTRACTION "Conventional” indicates use of standard excavation eguipment such as dozers, overhead o N 'H"fl [STTTRR | S—
loaders, backhoes and light rippers ¥ 2 ‘/'r‘-\!j APPROVED GRANU LAR MATE RIALS lNV ENTORY
— HAUL DISTANCE Is distance along existing and/or required access from the site to the nearest Mile Post on A
the proposed Mackenzie Highway (Ref. Text). "O" Haul Distance indicates site is on or im- o~ DATE WAY 1073 l N T E RC OM M U N l T Y 5 TU DY A REA
mediately adjacent to the proposed Highway location Fo R‘r NORMAN To N RMA \Hf ‘n'
— ENVIRONMENTAL OB N, 0 N EL Ls' N 'T'
CONSIDERATIONS: ‘Sensitive Terrain" refers to thermal and/or erosional sensilivity at, or adjacent to the site P72-502 P
[}
e SCALE PEMCAN SERVICES"72"
—~ ASSESSMENT OF SITE Ref. Text “Recommendations and Conciusions” and "Site Description” sections As Shown FILE No l FIGURE = REVISION
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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 and

detailed field drilling data.

The results of the completed study indicate that the availability of quality granular materials
in certain segments of the Intercommunity Study Area between Fort Norman and Norman
Wells, N.W.T. is relatively limited. The scarcity of quality granular materials is especially
acute north of the Bear Rock massif to Vermilion Creek on the east side of the Mackenzie
River and north of Little Bear River to the north boundaries of this Study Area on the west

side of the Mackenzie River.

On the basis of the airphoto interpretation and preliminary field reconnaissance data, a total
of nineteen sites was investigated in detail during the winter drilling program, of which
nine sites were confirmed to contain exploitable granular materials. These sites are categor-

ized and grouped as follows:

1.  The better quality granular materials were generally encountered in the ice contact
deposits, located along the western slopes of the McConnell Range between Prohibition
Creek and Canyon Creek. These features generally consist of kames, kame fields,
kame terraces, eskers and esker-kame complexes which contain variably washed,

stratified and pocketed sand and gravel deposits.

These deposits are represented by Sites 278 and 281 and are estimated to contain in
excess of 4,000,000 cubic yards of fair to good qdalify granular materials which are
considered suitable for quality embankment fill and production of base and surface
course aggregates. The location of these two sites is noted on the Site Location Map

in the Summary section of the report.

2. A localized glaciofluvial outwash deposit was established on the southwest bank of
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Prohibition Creek and is represented by Site 270, Good quality granular materials
consisting of well graded, medium grained, sandy grave! suitable for various construc~

tion requirements are available from this site.

However, since only 200,000 cubic yards of gravels are considered recoverable from
Site 270, the exploitation of granular materials from this site may be limited for the

construction of a local utility.

The alluvial fossil fans and cones adjacent to the active stream channels of Francis,
Christina and Helava Creeks showed fair quality granular materials which are suit-
able for good quality general fill in the pit run condition. These alluvial deposits

generally contain sand and gravel of variable gradation and silt content and are

represented by Sites 275, 276, 279 and 280.

These deposits are estimated to contain in excess of 4,700,000 cubic yards of fair

quality granular materials.

As discussed in the Site Description text for each site, careful development procedures
should be exercised because of the close proximity of these alluvial fan deposits to

currently active stream channels.

Sites 261 and 265 which were investigated during the winter drilling program, repre-

sent potential areas for quarry operations.

Site 261 which consists of limestone bedrock at shallow depths below existing ground
surface, may be developed for the production of good quality manufactured aggre-
gates for various construction requirements. However, Site 265 which consists of
surficially weathered and friable shale bedrock may be svitable, only, for the
exploitation of fair quality general fill material for use in the construction of sub-

grades for roads.

13
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In general, an unlimited quantity of material is available from Sites 261 or 265 if
major quarry operations are initiated. The detailed assessment and recommendations for
development of quarry operations at these two sites is outlined in the Site Description

section of the report.

In addition to the preceding nine sites, which contain exploitable quantities of granular
materials or bedrock formations suitable for engineering construction materials, four sites
consisting of beach ridges and strand lines contain scattered and thin layers of silty sand

and gravel deposits. These areas, represented by Sites 268X, 273X, 274X and 282X, were
not recommended for development because of the minimal quantities of available granular
materials and the scattered nature of these deposits. Therefore, these four sites were desig-
nated with the suffix "X" as "Not Recommended" granular material sources. Six additional
sites were drilled during the winter field program which did not contain granular type mater~-
ials. These sites have been catalogued and recorded in the Site Description section of the

report and have, also, been identified with the suffix "X" after the site number.

All catalogued and assessed sites in the Intercommunity Study Area, including the nine sites
which were confirmed to contain granular type materials are discussed in detail in the Site

Description section of the report.

In addition, all site locations within the Intercommunity Study Area from Fort Norman to
Norman Wells, are presented on the Site Location Map in the Summary section of the report.
A synopsized tabulation of pertinent information for each site has been provided. Each
potential site has been evaluated in terms of material type, 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.
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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 granular materials. ”Conventional" as used, indicates the utilization of
standard excavation equipment such as bulldozers, overhead loaders, backhoes and light

rippers.

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

designated location on the proposed Mackenzie Highway right-of-way.

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

the site and adjacent areas including proposed access routes. If any environmental implica-
tions are considered to exist ot 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 relates to the evaluation of each site in terms of recommendations
for development, nondevelopment or possible development of potentially recoverable gran-
ular materials at each site investigated in the Study Area. The catalogued but not drilled
sites are rated as poor, fair and good prospects relative to anticipated availability of gran-
ular materials. These sites which apparently do not contain suitable materials or, if their

development would entail possible environmental hazards, are not suggested for development.

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 currently
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proposed or future requirements within the Study Area.

The terrain sensitivity relative to the development of borrow pits, quarries and required
access roads differs considerably throughout this section of the Study Area and an assess-
ment of local conditions pertinent to prospective sites and access routes is contained in the

Site Description section of the report.

Geomorphic landforms containing coarse granular deposits, such as kame fields, large

eskers, glaciofluvial outwash plains or bedrock ridges usually represent well drained and
stable terrain; therefore, controlled extraction of material should not adversely affect the
environment of the site and adjacent terrain. Conversely, the poorly drained areas and
landforms formed by fine grained sediments, such as low alluvial terraces, deltaic sand
deposits and sand dunes are easily eroded if the vegetation cover is disturbed either because
of transportation activity or borrowing of material. In general, any activity within thermally
sensitive terrain would require careful planning and supervision in order to restrict and

minimize potential adverse effects.

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

Description section of the report.
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INTERCOMMUNITY STUDY AREA

FORT NORMAN TO NORMAN WELLS, N.W.T.

SITE DESCRIPTIONS

Site Number

259X
260X
261
262
263
264
265
266X
267X
268X
269
270
271
272X
273X
274X
275
276
277
278
279
280
281
282X
283
284X

Page

259-1
260-1
261-1
262-1
263-1
264-1
265-1
266-1
267-1
268-1
269-1
270-1
271-1
272-1
273-1
274-1
275-1
276-1
277-1
278-1
279-1
280-1
281-1
282-1
283-1
284-1




SITE NO. 259X

Located approximately 32 miles east of Norman Wells and 67 miles southwest of the prop-
osed Mackenzie Highway, Site 259X consists of a narrow alluvial terrace on the north
bank of the Mackenzie River.

Type of Material: Silt; fine grained, thin layers of sand and gravel.
Estimated Volume: Not applicable.
Assessment: Site 259X is not recommended for development because exploitable

quantities of granular quality materials were not encountered during
the field drilling program.

LEGEND

=== = = = Al| weather road seeereeeeeeo- Required access
————— Existing trails and cutlines  -——-——-Site limit
searesesaaax Proposed Gas Pipeline + == == = = « Proposed Mackenzie Highway
© DH Drill Hole 4 TP  Test Pit
Airphoto No. A22862/32 Approximate scale: 1" = 3, 000!
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ENVIRONMENT

Site 259X is located approximately 32 miles east of Norman Wells and 6% miles southwest
of the proposed Mackenzie Highway right-of-way at Mile 598. The site consists of a
prominent narrow, alluvial terrace, approximately 1% miles in length and 1000 feet in
width, which comprises the north bank of the Mackenzie River. The site area exhibits good
surficial drainage in all directions, whereas the adjacent terrain immediately to the north
is flat, poorly drained and exhibits thermokarst features characterized by numerous lakes,
ponds and muskeg bogs.

The material in the alluvial terrace consists of pocketed and stratified silts, sands and
gravels exhibiting low to medium ground ice contents. A surficial layer of peat and top-
soil, less than 13 feet in thickness, covers the site area and supports moderately dense
growths of spruce.

There are no known critical wildlife areas in the immediate vicinity of Site 259X.

The only existing access to Site 259X from the CNT pole line, proposed gas pipeline or
proposed Mackenzie Highway right-of-way consists of seismic cutlines and the access trail

/\y/ A

LEGEND
e All weather road s+eeeeeeneen. Required access
~———— Existing trails and cutlines  =——.—=—. Site [imit
sesseencenea Proposed Gas Pipeline oemen am mem Proposed Mackenzie Highway
Section of Mop No. 96 E Scale: 1:250,000
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which was cleared during the winter drilling program.

DEVELOPMENT

Site 259X is not recommended for development, because materials of granular quality
were not encountered in exploitable quantities in the alluvial terrace. In addition,
the in situ ground ice content of the material would make the development of borrow
pits quite difficult.

The access to this site involves the traversing of thermally sensitive terrain; upgrading of
existing seismic cutlines to facilitate the removal of very poor quality materials would be
required.

Site 259X could be considered for exploitation of granular material if a utility was to be
constructed in its immediate vicinity.
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DETAILED DRILL HOLE LOG

SITE NO. 259X HOLE NO. DH-1
DATE: jAN. 29,1973 |LOGGED BY: ¥] PEMCAN 0

: AIR AIR REVERSE .
DRILLING METHOD: ) ¢oyenTioNaL [ CIRCULATION [J OTHER:
GROUND __ICE
DEPTH UNIFIED CONDITIONS [sameLe DEPTH
(feer) | GRAPH GROUP MATERIAL DESCRIPTION ’ o | TYPE | {feet)
SYMBOL | symsot CiAss | CLass gg«?
0 : 0 —
S TOPSOIL: little silt, organic,
o Ot s roots, dark grey Vs | H
2 - 2 -

SILT: trace sand, occasional

4 — pebbles to 1" size, dark brown Vr 4 -
ML Vs
M
6 - 6 —
7.5
8 8 —
SAND: some gravel and silt,
10 fine to coarse grained, well 0
1 e groded, predominantly rounded ME‘ 7
| SM-SW and subangular limestone pebbles et Gsp
to 3/4" size, grey &
12 12
14 14 —
15.0
TOTAL DEPTH 15.0'
16 - 16 4

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @

PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. 259X HOLE NO. DH-2
DATE: jaAN. 29, 1973 [LOGGED BY: &) PEMCAN 0

DRILLING METHOD: ®] (nventionar [J ElRcOLATION [ OTHER:
Gz%%NDDITIO:“CSE SAMPLE | DEPTH
Troan | Srama | 00n MATERIAL DESCRIPTION T oo YPE | theen
sYM SYMBOL CLASS | cLass | conr.
0 0 —
oL TOPSOIL: some silt Vs | H
.5 ;
2 2 —
4 SILT: trace sand, occasional J 4
pebbles and cobbles, brown
6 6 —
ML Vr | M
8 8
10 10 —
12 120 12 —
TOTAL DEPTH 12.0'
14 — 14 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

@ it L1}
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

SITE NO. 259X HOLE NO. pH-3
DATE: JAN. 29, 1973 |LOGGED BY: X] PEMCAN 0
DRILLING METHOD' ] ¢ onvenTionar O ElRcOLATION [ OTHER:
DEPTH UNIFIED GE%L:JND?TIOLCSE SAMPLE | DEPTH
(Faar) | GRAPH | up MATERIAL DESCRIPTION TYPE | (fear)
SYMBOL SYMBOL GEN'L N.RC. | EST'D
CLASS | CLASS | CONT.
0 “Fmr 0 —
ey oL TOPSOIL: some silt, organic, vr | M
g roots, dark grey
1.5
2 . . 2 —
GRAVEL: little silt, trace sand,
GM predominantly round and subangular
limestone and quartzite pebbles to
4 1" size, grey 4 —
5.0
6 SAND AND SILT: occasional 6
SM-ML rounded and subangular limestone
pebbles to 13", greyish brown Vx | L
8 8 —
8.5
10 ‘ GRAVEL AND SAND: little silt, el 10 -
1 _ medium grained, gravel - well GS
y GW-SP graded, sand - poorly graded,
12 rounded and subangular limestone 12
and dolomite pebbles to 1" size,
brown
14 14.0 14
TOTAL DEPTH 14.0'
16 — 16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 259X/DH-1 259X/DH-3
Sample Depth (Feet): 10.0 10.0 - 11.0
Moisture Content (%): 10.3 6.1

Ice Content (%): - -

Organic Content (%): 4.1 -

GRAIN SIZE DISTRIBUTION:

Gravel Sizes -Sg0d __ Sizey Siit Sizes Clay Sizes
Cogrse IMgdlum IFIno Medium | Fine
Seive Sizes
ook ZH ri 4 %4 %5 %90 *i0%0%00*200
100 N \DL
e e
90 L \ } |
N\ . N
80
N\ AN N
70 —~\ DOHAl N N
\ \/ ‘; b
x N
eso X ) \\
© b \
- AN | N
40 \ \\ ~ b
T30 DHEI~—T"N\ S
] RS . AN
[ 9 ~
%20 N
N,L
10 T L
fo0 10 10 ot 0-01 d-00! 0-0001
Grain  Size — Millimetres
ACOARSE FINE AGGREGATE
Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SITE NO. 260X

Located approximately 32 miles east of Norman Wells and 5 miles southwest of the proposed
Mackenzie Highway ot Mile 598, Site 260X consists of a small, narrow sand dune.

Type of Material: Sand; fine grained, poorly graded.
Estimated Volume: 250,000 cubic yards.
Assessment: Site 260X is not recommended for development because of the poor

quality of available materials and the difficult access to the site
area across thermally sensitive terrain.

LEGEND

= == == A|| weather road sereteeenee Required access
————— Existing trails and cutlines = -——-——:Sjte limit
seeecsnncene Proposed Gos Pipeline * = == = -« Proposed Mackenzie Highway
© DH  Drill Hole 4 TP Test Pit
Airphoto No. A22862/32 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site 260X is located opproximately 32 miles east of Norman Wells and approximately 5
miles southwest of the proposed Mackenzie Highway right-of-way at Mile 598. The site
consists of a small, narrow sand dune approximately 3500 feet in length and 150 feet in
width with a relief of 30 to 40 feet above the adjacent flat, poorly drained glaciolacust-
rine terrain. The adjacent terrain exhibits thermally sensitive conditions characterized
by numerous lakes, ponds and muskeg bogs.

The dune material consists of fine grained, poorly graded eolian sand with a trace of silt
which may be suitable for very marginal fill material. A layer of organic topsoil, less
than 1 foot in depth, supports moderately dense growths of spruce, birch and poplar which
attain heights in excess of 30 feet and trunk diameters to 12 inches. The adjacent poorly
drained glaciolacustrine plain supports light to moderate growths of stunted spruce and
tamarack. The understory growth on the site area is relatively dense and consists primarily
of small bushes and some grass.

There are no known critical wildlife areas in the immediate vicinity of Site 260X.

\!' BEAR
{

wmememeeme All weather roed e Required access

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

eseveaneanss Proposed Gas Pipeline e o = Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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The only existing access to the site area from the CNT pole line or the proposed Macken-
zie Highway right-of-way consists of the seismic cutline and the short access trail which
was cleared on to the sand dune during the winter drilling program.

DEVELOPMENT

Site 260X is not recommended for development because of its general remoteness from curr-
ent locations of proposed utilities, poor quality of material and difficult access to the site
area. However, for reference, an estimated quantity of 250,000 cubic yards of fine eolian
sands are available from the dune structure.

260-3




DETAILED DRILL HOLE LOG

SITE NO. 260X HOLE NO. DH-1
DATE: JAN. 29, 1973 LOGGED 8Y: X PEMCAN O

: AR ATR_REVERSE ,
DRILLING METHOD: & conventionar O SIRSEXERSE O oher:

GROUND  ICE
OEPTH UNIFIED CONDITIONS  ISAMPLE| DEPTH

(fear) | GRAPH GROUP MATERIAL DESCRIPTION TYPE | (feet)

SYMBOL GEN'L | N.RC. | ESTD

SYMBOL CLASS | CLASS } CONT.

0 0 -
oL TOPSOIL: some silt, little
0 1 organic, roots, dark grey /'
2 Vx| L 24
4 4 -
SAND: trace silt, fine grained,
poorly graded, grey
6 6
UF MC 3
GS?
O
8 8
10 10 4
Vx| L
12 4 12 S
14 140 14
TOTAL DEPTH 14.0!
16 — 16 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 260X/DH-1
Sample Depth (Feet): 6.0
Moisture Content (%): 3.1

lce Content (%): -

Organic Content (%): 1.5

GRAIN SIZE DISTRIBUTION:

: Sond___Sizes Silt Sizes f
Gravel Sizes Cla Sizes
v Coarse IMedium [Flne Couuemedlum | Fine y '*
Seive Sizes
3 23 4 % %o %0 Mo™o0"%00 ®200
100 N K'Y
~ N1
N
90 Y C
80 AN \ M
N \ \
‘L \ LN
Te T Y.
N AN
60 A AY
(3
AN
2 N K
*s50
) \A
- Y
c N
40 \ N z
T
T A >
§30 DH-11'\ ™ S
- T N
20 \ il
\l
10 \& 1 <
™ !
?CO 10 -0 0-1 0-01 0-001 0-000!
Grain Size — Millimetres
ACOARSE FINE AGGREGATE
Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:

260-5




SITE NO. 261

Located approximately 30 miles east of Norman Wells, Site 261 consists of a prominent
bedrock ridge which encompasses the proposed Mackenzie Highway from Mile 599 to
Mile 602.

Type of Material: Limestone Bedrock.

Estimated Volume: Unlimited.

Assessment: Good quality granular materials can be quarried for most construc-
tion requirements from the bedrock formation; Site 261 is recomm-
ended for development. '

LEGEND
== = = = Al| weather road sreeree--oo- Required access
————— Existing trails and cutlines  -——-——-Site |imit
sexsasessens Proposed Gas Pipeline * == == = = = Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/152 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site 261 is located approximately 30 miles east of Norman Wells and is generally within
the proposed Mackenzie Highway right-of-way from Mile 599 to Mile 602. The site con-
sists of a prominent bedrock ridge which is approximately 3 miles in length and averages

% mile in width. The site is covered with a layer of glacial till which increases in depth
to the southwest. The northeastern periphery of the site area consists of a steep escarp-
ment with exposed faces of limestone. The site area and the adjacent terrain to the south-
west is well drained and supports moderately dense growths of birch with occasional clusters
of spruce and tamarack. The meandering Jungle Ridge Creek flows parallel to the northern
escarpment.

There are no known critical wildlife areas in the immediate vicinity of Site 261,
The CNT pole line and the proposed Mackenzie Highway right-of-way are coincident
within this site area and provide excellent future and existing access to potential quarry

locations. The gas pipeline route is located approximately 13 miles north of Site 261.

DEVELOPMENT

The information from the drill holes conducted on Site 261 by the engineering consultant
for The Federal Department of Public Works has confirmed the presence of competent lime-
stone bedrock at a shallow depth below existing ground surface and their drill hole data
has been incorporated into this report.

In view of the general shortage of naturally occurring granular materials in this portion of
the Study Area, Site 261 is recommended for the possible development of quarries for the
production of manufactured aggregates for various construction requirements. The follow-
ing operational guidelines should be considered if development of quarries are anticipated
at Site 261.

- The best quarry locations would be in the site area adjacent to the steep northern
escarpment where the overburden material is relatively shallow.

- The existing tree growth and vegetation in required areas should be cleared and re-
moved in accordance with current land use guidelines.

- Quarry operations including blasting and crushing of the limestone bedrock will be
required for the manufacturing of granular materials.

- The fibrous peat, organic topsoil and glacial till overburden should be stripped, re-
moved and stockpiled adjacent to quarry locations.

- Selective excavation can be anticipated. The weathered and friable surficial bed-
rock material may be extracted by standard ripping, dozing and loading techniques
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and this material should be suitable in its pit run condition for use in general fill
requirements. Better quality aggregates can be produced from fresher and more
competent limestone beds at greater depths but extensive blasting and crushing
operations would be necessary.

- Staged development of quarry operations should be considered to allow summer thaw-
ing of the frozen bedrock in order to minimize the efforts required for the removal of
the limestone bedrock material.

- If staged quarry operations are considered then the access road to the proposed
Mackenzie Highway or gas pipeline routes from the site area should be upgraded
to all weather standards.

- Access from the site area to the existing CNT pole line, proposed Mackenzie High-
way and the proposed gas pipeline is excellent and in general does not exceed %
mile.

ABANDONMENT AND REHABILITATION

In general, if a well organized and controlled quarry operation is maintained during the
development and extraction of material, then the problems related to abandonment and
rehabilitation would, for the most part, be inherently managed.
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DETAILED DRILL HOLE LOG

SITE NO. 261 HOLE NO. C 650
DATE: MAR. 1, 1973 |LOGGED BY: [J PEMCAN B4 R.M. HARDY & ASSOCIATES
DRILLING METHOD: [ o veRTionar O ElRcOLATION [ OTHER:
| I
MPLE | DEPTH
Teary | Grars | UNIFIED MATERIAL DESCRIPTION e L ane Lo ] 7e | troen
STMEOL | svmsoL CLASS | cLass | conr.
0 —
CL CLAY (TILL): Nbn
silty, sandy
medium plastic 0—
pebbles & cobbles
3.5
GM GRAVEL: silty-clayey 4
4.5
CL CLAY (TILL):
- silty-sandy 6
- medium plastic 7
- cobbles
- small boulders
- brown 8
9.3 ‘
BEDROCK (LIMESTONE) 10
- weathered
- grey
12.0 12 7
END OF HOLE 12.0'
147 14 7
16 16
181 18 —
20 20 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

| PEMCAN SERVICES "“"72"

261-4




DETAILED DRILL HOLE LOG

SITE NO. 261 HOLE NO. C 655
DATE: MAR. 1, 1973 [LOGGED BY: [ PEMCAN K} R.M. HARDY & ASSOCIATES
DRILLING METHOD' /) ¢ onvenTionar [ &iRcOiATIon L] OTHER:
CCoNDITIoNs: |s
AMPLE | DEPTH
Traa | GEam | MATERIAL DESCRIPTION S P ey 0 Rt
STMBOL 1 symsoL CLASS | cLass | conr.
0 0 —
CL CLAY (TILL): Vx L
silty sandy, medium plastic
2 pebbles, brown 2 -
7o Y O -
shale inclusions Nbn
4 4 —
6 6 —
T 7.0
T 1 BEDROCK (LIMESTONE):
8 I 8
T - weathered
1 - grey
-
10411+ 10 —
L1
-
1
1
1247 1 12 -
1
1
T
I 1
14 L 14.0 14
END OF HOLE 14.0'

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND NORTHERN DEVELOPMENT @ “ ,
PEMCAN SERVICES "“"72'

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. 261 HOLE NO.
DATE: MAR, 1, 1973 [LOGGED BY: [ PEMCAN & R.M. HARDY & ASSOCIATES
DRILLING METHOD By conyenTionar O ElRciiation L OTHER:

GROUND

DEPTH
(Feet) GRAPH

SYMBOL

UNIFIED
GROUP
SYMBOL

CONDITIONS

MATERIAL DESCRIPTION

N.RC.

CLASS

DEPTH
(feut)

PT

PEAT

Vx

OH

CLAY:
organic, high plastic

30 dark brown

10

12

14

16

18 4

20

CLAY (TILL):

- sandy silty

- stones

- rust & coal specs
- medium plastic

- less sand

cobbles

- grey
- high plastic

Vx

7.0———=brown _______________

(18.0
CLAY (SHALE):
high plastic, grey

20.0— END OF HOLE 20.0'

Nbn

O—i

2 ]

10
12 7
14

-

]67

18

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

DEPTH
(faer)

10 —

12

14 4

16 4

SITE NO. 261 HOLE NO. 732
DATE: MAR. 1, 1973 [LOGGED BY: ] PEMCAN A R.M. HARDY & ASSOCIATES
DRILLING METHOD: [} nyveRTionar [ ElRcOLAHION [ OTHER:
S oNDITIONS
DEPTH SAMPLE
O o B MATERIAL DESCRIPTION J B ey T
5 SYMBOL CLASS | CLASS | CONT.
Srd  PT L PEAT Vx| M
OH | CLAY: Vx | H
2 organic, high plastic
dark brown
3.0
4 Cl CLAY (TILL): Vs | M
silty sandy, stones, medium Vv L
5.0-—--Plastic, brown__ __________| ?
5 - very sandy
- rust & coal specs Nbn
Y U U S S
8 - less sandy
- boulders
1
12
14 *
16 16.0-————— e — -~ ———
- grey

18

20

20.0—/ END OF HOLE 20.0'

18 —

20 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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SITE NO. 262

LOCATION

Located on the sloping grounds adjacent fo the western toe of the Norman Range and east

of the upstream section of Nota Creek, Site 262 consists of a series of small esker ridges,

including a kame field. It is anticipated the materials, consisting of silty sand with little
gravel, are available at Site 262.

The proposed Mackenzie Highway right-of-way at Mile 598 is located approximately 3%
miles south of Site 262. The proposed gas pipeline route runs southwest of the site area
at a distance of 1 mile.

LEGEND
—eme=ww All weather road -e----..-.. Required access
—————— Existing trails and cutlines -=— . —. Site limit
ssessssacees Proposed Gas Pipeline = wm == Proposed Mackenzie Highway
Airphoto No. A22934/153 Approximate scale: 1" = 3,000’
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GENERAL

Site 262 is comprised of a narrow discontinuous train of shallow esker ridges spaced over an
area more than 23 miles in length. These ridges range in length from 300 to 3000 feet and
in width from 200 to 300 feet. West of the esker train, o separate small kame field, some
1000 by 700 feet in aerial extent, is indicated. The surficial drainage of the site area is
fair to the southwest into a depressional terrain marked by several lakes. Spruce intersper-
sed with poplar stands constitutes the primary vegetation cover on the site. There are no
known critical wildlife areas in the immediate vicinity of Site 262,

Irregularly bedded and variably washed sands with little gravel are probably the most com-
mon constituents of these ice contact deposits. Silt beds and till lenses may be, however,
also encountered within the main sand body. It is expected that these deposits may be suit-
able as marginal to fair quality general fill material. Site 262 is, however, rated as a poor
prospect because the development would entail a comparatively large degree of surficial
area being cleared relative to the volume of material available.

The access to the site area from both proposed utility routes can be readily achieved through
existing seismic cutlines.
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-------------- Required access

v Site limit
sessacsanaae Proposed Gas Pipeline e o e Proposed Mackenzie Highway
Section of Map No. 96 F Scale: 1:250,000
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SITE NO. 263

LOCATION

Paralleling the upstream section of Vermilion Creek and approximately 6 miles northeast
of the east Mackenzie River bank on the slopes adjacent to the southwestern toe of the
Norman Range, Site 263 consists of one esker-kame train and a discontinuous esker-kame
complex.

The proposed Mackenzie Highway right-of-way at Mile 608 and the gas pipeline route are
located some 3% and 23 miles southwest of Site 263, respectively.

The access to Site 263 from either of the proposed utilities is difficult because of deeply
incised stream channels surrounding the site area.

= All weather oad ... Required access

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

=se=eseane=s Proposed Gas Pipeline e == = Proposed Mackenzie Highway
Airphoto No. A22934/90 Approximate scale: 1" = 3,000
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GENERAL

Site 263 consists of one esker-kame train, approximately 3 miles long, located north of
Vermilion Creek, and a discontinuous esker-kame complex on the southern side of the
stream channel, which totals 3/4 of a mile in length. These ice contact deposits parallel
the sloping and glaciated terrain at the toe of the Norman Range. The site area is separ-
ated from the terrain to the west by deeply incised stream channels of the Vermilion Creek
drainage system.

Three different land forms, possibly containing granular materials, can be distinguished
within the site area. The esker-kame complex is denoted as "a”; the narrow esker ridges
as "b", and the kame hillocks as "c" on the airphoto. It is anticipated, that these land
forms are comprised of variably washed sand and gravel deposits with silt and till pockets.
Geomorphic features indicate the possibility of high fine grained material content. The site
area is well drained and supports relatively dense growths of spruce and poplar. There are

no known critical wildlife areas in the vicinity of Site 263.

The deposits in Site 263 may be suitable for fair quality general fill material; therefore,
the site area is rated as a fair prospect. The access to Site 263 can be achieved by extend-
ing the existing seismic cutlines paralleling the downstream section of Vermilion Creek.
This would, however, entail the crossing of a rugged terrain.
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\\‘\_A' -
—emememe All weather road e Required access
————— Existing trails and cutlines ‘———.—=- Site limit
sseseaneesss Proposed Gas Pipeline e e e Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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SITE NO. 264

LOCATION

Located immediately southeast of Vermilion Creek and approximately é miles east of the
Mackenzie River, Site 264 encompasses a shallow bedrock ridge representing the eastern
flank of the Vermilion Ridge. = Competent carbonate rocks are indicated within the site
areda.

The proposed Mackenzie Highway right-of-way at Mile 606.5 is located approximately 3
miles southwest of Site 264. The proposed gas pipeline route parallels the site to the west
at a distance of about 2 miles.

= wsmmemem All weather rood o Required access

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

esssmensanes Proposed Gas Pipeline === Proposed Mackenzie Highway
Airphoto No. A22934/89 Approximate scale: 1" = 3,000’
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GENERAL

Site 264 consists of a shallow bedrock ridge which encompasses an area about 2 miles long
and more than % of a mile wide. The terrain south of the ridge is rugged and rolling before
descending onto the flat glaciolacustrine basin which parallels the Mackenzie River. Terr-
ain on the north side of the site ascends towards the Norman Range. A discontinuous layer
of glacial drift covers most of the ridge surface. These deposits support moderate growths
of spruce and irregular stands of birch. The site area is surficially drained to the west and

south.

There are no known critical wildlife areas in the vicinity of Site 264.

Several small exposures of fractured and blocky limestone, as well as sinkholes, denoted as
"a" on the airphoto, indicate the presence of material probably suitable for manufacturing
of various types of construction aggregates. The site area, however, lies within a Middle

Devonian formation noted for predominantly shale bedrock.

The development of Site 264 would require a quarry operation and stripping of the over-
burden layer. Because of the unknown extent of limestone beds the site is rated as a fair

prospect.
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Section of Map No. 96 E Scale: 1:250,000
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SITE NO. 265

Located approximately 26 miles east of Norman Wells and less than 3 mile northeast of the
proposed Mackenzie Highway at Mile 606, Site 265 consists of a shallow bedrock ridge
overlain by a thin veneer of glacial till.

Type of Material: Bedrock; shale, surficially weathered and friable.
Estimated Volume: Not determined.
Assessment: Fair quality general fill material suitable for use in the construction

of subgrades for roads may be recovered; therefore, Site 265 is re-
commended for possible future development.

LEGEND

= e e == = Al| weather road seserseanaees Required access
————— Existing trails and cutlines  -——+—-Sijte limit
sessecvenaee Proposed Gas Pipeline * = wm == == = Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No., A22934/150 Approximate scale: 1" = 3,000’
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ENVIRONMENT

Site 265 is located approximately 26 miles east of Norman Wells and less than 3 mile north-
east of the proposed Mackenzie Highway right-of-way at Mile 606. The site area, which
extends east from Vermilion Creek to Nota Creek, is approximately 6000 feet in length

and 400 to 800 feet in width. The site, consisting of a shallow bedrock ridge which has
been glaciated to a drumlinoid appearance, is covered with remnants of glacial till. The
adjacent terrain consists of a gently rolling ground moraine and exhibits fair surficial drain-
age into the water sheds of Nota and Vermilion Creeks. Short segments of strand lines
were noted to the southwest of Site 265 in the immediate vicinity of the proposed Mackenzie
Highway right-of-way.

The bedrock ridge is comprised of shale and siltstone beds with the occasional inclusion of
sandstone. The top 3 to 5 feet of the shale bedrock is weathered and calcareous and ex-
hibits random ice lenses. The more competent and massive shale and siltstone beds are
frozen but exhibit no visible ice; therefore, the material contains very little ground ice.
The site area is covered with peat and organic topsoil, generally less than 6 inches thick
which supports sparse growths of spruce.

There are no known critical wildlife areas in the immediate vicinity of Site 265.
The only existing access to the site area from the CNT pole line or proposed Mackenzie

Highway right-of-way consists of existing seismic cutlines. The proposed gas pipeline
route parallels the site area to the north at a distance of less than 3 mile.

DEVELOPMENT

The information from the drill holes conducted on Site 265 by the engineering consultant
for The Federal Department of Public Works has been assessed and incorporated in this
report. The following conditions have been established relative to the subsurface soil
profiles at Site 265:

- The bedrock formation consisting of shale and siltstone was encountered at very
shallow depths. Some localized areas are covered with a thin veneer of glacial
till whereas other portions of the bedrock ridge is only covered with a thin moss
carpet.

- The overburden material consisting of moss, glacial till and lacustrine clays varies
4 from O to 14 feet near the base of the shallow bedrock ridge in the immediate vic~
inity of the small lake.

- The initial 3 to 5 feet of the shale bedrock is weathered, calcareous and generally
very friable.

Site 265 is not recommended as a source for granular materials; however, in view of the
scarcity of good quality construction materials in this portion of the Study Area, these
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shale and siltstone formations may be utilized for embankment fill material in the construc-
tion of road grades. The following guidelines should be considered if borrow pits or quarries
are developed on Site 265:

- Borrow pit or quarry operations should be initiated in the elevated portions of the
ridge where the overburden material is very shallow.

- Conventional excavation equipment supplemented by heavy rippers may be adequate
to remove the in place shales and sandstone. However, blasting may be required at
depth in order to loosen and extract the bedrock material.

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

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

- Relative to granular deposits immediately adjacent to the active stream channels
of Vermilion and Nota Creeks, the development procedures should be commenced
at the source area farthest removed from the water course. A buffer zone of adeg-
uate width should be maintained between the stream and the final limits of the
borrow pit.

- Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain to the adjacent active stream channels.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

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

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

in the area indicate that understory growth and eventually spruce will be naturally
reestablished.
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SITE NO. 265

DETAILED DRILL HOLE LOG

HOLE NO. 757

DATE: MAR. 2, 1973

LOGGED BY: [] PEMCAN

X R.M. HARDY & ASSOCIATES

DRILLING METHOD: [)

AlR 0 AiR
CONVENTIONAL CIRC

REVER
ULATI

SE
ON

[J OTHER:

DEPTH
{feet)

GROUND _ ICE
DEPTH UNIFIED CONDITIONS SAMPLE
(Feer) ;:::':HL GROUP MATERIAL DESCRIPTION U P e R
SYMBOL CLASS | CLASS | cONT.
Pt o3 MQSS a
P 1.0— PEAT: Category #3 i Vx
20 CLAY: organic H
CLAY: silty, high plastic, Vs | M
brown
4.0
SAND: medium grained, gravelly, Vs [ M
silty, grey brown
- finer Nf
- less stones
8.0
CLAY (TILL): silty, sandy, Nb
rust and coal, medium plastic, n
brown
14.0
CLAY (SHALE): high plastic,
grey
20.0- END OF HOLE 20.0' -

10

12

14

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND NORTHE

RN DEVELOPMENT

GRANULAR MA

TERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 265 HOLE NO. 780
DATE: MAR. 2, 1973 [LOGGED BY: [ PEMCAN X R.M. HARDY & ASSOCIATES
ORILLING METHOD: ()] -onye NTIONAL D &RcEATI8k O otrer:
1 T crouno ice
ooooooooooooooooooo
MATERIAL DESCRIPTION T =T feot)
CLASS | CLASS | CONT. 5
CLAY: Nb
ilty
edium pla 2
brown NF 7
4 -
CLAY (TILL): Nb
- sulty. sandy NF
- medium pla 6
- rust & coal sp
- stones
- brown
- pockets of sand 8
Nbn
10.0= == = m e oo 101
hal lusions Nf
I nclusi 12|
14
CLAY (SHALE):
ilty
high plas 16_]
grey
18_
20.0~""END OF HOLE 20.0' > 20+
NNNNNNNNNNNNNNNNNN
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @ « '
PPPPPP
GRANULAR MATERIALS INVENTORY | FEMEAN SERvICES
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DETAILED DRILL HOLE LOG

SITE NO. 265 HOLE NO. 781
DATE: \\\R. 2, 1973 |'OCGGED BY: [ PEMCAN  [@ R.M. HARDY & ASSOCIATES LTD.
DRILLING METHOD: [ .\ ehTionar [0 Slnchintion [ OTHER:
PTH Gz%l;'iNDDITIOLCSE SAMPLE| DEPTH
Toar | Stamn | (00 MATERIAL DESCRIPTION oo Doee Lo | 77 | freer
SYMBOL | ymsoL cLass | cLass | conr. 5
0 —
Pt Mos
0.3 ° /]
CH CLAY (SHALE): Nbn
2 silty, high plastic, interbedded 2
with sandstone
brown, hard
4 4 0 - e e e 4 -
- rust stains
6 5 -
8 8 _|
10 10 _|
12 12 |
14 \ 14 —
16 16.0-— = —=—— e e 16
= grey
18 18
20 200~/ END OF HOLE 20.0' ) 20

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

@ 11} 1
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

DEPTH
{feer)

0

10

12

14

16

18

SITE NO. 265 HOLE NO. 826
DATE: AR, 9, 1973 |-OGGED BY: [ PEMCAN ¥ R.M. HARDY & ASSOCIATES
DRILLING METHOD: [®) CONVE?J'FIONAL O él‘;?cﬁfﬁ‘.‘éi [J OTHER:
GROUND ICE
UNIFIED CONDITIONS SAMPLE | DEPTH
GRAPH |~ ooup MATERIAL DESCRIPTION TYPE | (feet)
SYMBOL GEN'L N.RC. | ESTD
SYMBOL CLASS | CLASS | CONT 0
Cl CLAY (TILL): Vs M
silty, sandy, medium plastic
brown, pebbles, rust stains, 9 -
calcareous
4 =
5.0
SILTSTONE; HORIZONTAL Nbn
- stratification 6 7
- fissured, rusted
- brown color
8 4
10 |
12 7]
_____ 14 —
- shale beddings
_____ 16 -
~ grey
18
20.0 END OF HOLE 20.0' ks 20

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"

265-7




DETAILED DRILL HOLE LOG

SITE NO. 265 HOLE NO. 827
DATE: MAR. 9, 1973 |LOCGED BY: [ PEMCAN &K R.M. HARDY & ASSOCIATES
DRILLING METHOD: [X) ¢ onveRTional [ EiRcOLATION L1 OTHER:
| SEONBIIONS Jsamne
DEPTH
Goar | Stame | MATERIAL DESCRIPTION e e e K R
sYmsoL CLASS | CLASS | conT. 5
CLAY (SHALE): Vr L
weathered, medium plastic
rusted, calcareous 2 _|
brown
3.0
CLAY (SHALE): Nbn 4
- brown -1
- sandstone inclusions
6
8 _
10 4
12 4
13.0
14 - 14
16— 16
18 18
20 : 201

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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SITE NO. 265

DETAILED DRILL HOLE LOG

HOLE NO. C 918

DATE: MAR. 9, 1973

LOGGED BY: ] PEMCAN

X R.M. HARDY & ASSOCIATES

DRILLING METHOD: [g]

AR 0 AIR_REVERSE
CONVENTIONAL CIRCULATION

[ OTHER:

DEPTH
(Feet)

0 ¥

10

12

14

GRAPH
SYMBOL

UNIFIED
GROUP
SYMBOL

MATERIAL DESCRIPTION

GROUND
CONDITIONS

ICE

GEN'L
CLASS

N.RC.
CLASS

EST'D
CONT,

SAMPLE
TYPE

DEPTH
(feet)

Pt

PEAT: Category 74,
dark brown color

Vs

M

SC

3.0

grained, poorly graded

SAND: silty, clayey, low
plastic, brown, (dirty), medium

Vx

Cl

6.0

calcareous

- boulders

CLAY (TILL): silty, sandy,
medium plastic, brown, pebbles
to cobbles, rust and coal specks,

Vx

Vx

END OF HOLE 14.0'

10 —

]2 —

14 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN

SERVICES “72"
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SITE NO. 266X

Located approximately 25 miles east of Norman Wells in the vicinity of Mile 607 on the
proposed Mackenzie Highway, Site 266X consists of inactive terraces and fans, gravel
bars and active fans within the braided stream channel of Vermilion Creek.

Type of Material: Gravel; some silt, variable gradation, coarse grained.

Estimated Volume: Not determined.

Assessment: Site 266X is not recommended for development because the granular
deposits are located within the active stream channel of Vermilion
Creek.

A7 ;
LEGEND
= == == == Al| weather road sresrereeeen Required access
————— Existing trails and cutlines  -=—=—:——-Site limit
sseascsssnns Proposed Gas Pipeline * == === ==« Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22934/149 Approximate scale: 1" = 3,000’
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ENVIRONMENT

Site 266X is located approximately 25 miles east of Norman Wells and encompasses the
area immediately adjacent to and within the active stream channel of Vermilion Creek
downstream from the proposed Mackenzie Highway right-of-way at Mile 607. The site
area encompasses the active and inactive portions of the Vermilion Creek stream channel

and extends upstream for a distance in excess of 4 miles. The site consists of the following
distinct geological features:

Area "a": Inactive alluvial terraces and fans containing stratified organic silts, sandy
silts and pockets of silty gravels. The ground ice content in these deposits
varies from medium to high.

Area "b” :  The braided active stream channel of Vermilion Creek consisting of shallow

exposed coarse, silty gravel bars underlain by clayey glacial till and shale
bedrock.

Area "c" :  Active alluvial fan at the mouth of Vermilion Creek which extends into the
Mackenzie River channel.

The terrain adjacent to the Vermilion Creek stream channel exhibits fair surficial drainage
and supports light to moderate growths of spruce and birch attaining heights to 20 feet and
trunk diameters to 6 inches. The understory growth consisting primarily of willow and small
bush is moderately dense.

There are no known critical wildlife areas in the immediate vicinity of Site 266X.
The only existing access to the various portions of the site area along Vermilion Creek from
the CNT pole line or the proposed Mackenzie Highway right-of-way consists of seismic cut-

lines and various narrow trails.

DEVELOPMENT

Site 266X is not recommended for development and exploitation of granular materials for
the following reasons:

- The majority of available granular materials are located in the shallow gravel bars
within the active stream channel of Vermilion Creek.

- Although initial airphoto interpretation and field reconnaissance of the inactive
alluvial fans and terraces indicated good possibilities of granular materials, the
results of the winter drilling program only showed small pockets of poorly graded,
silty gravels. In addition, the in situ ground ice content of these alluvial deposits
is relatively high and deters the excavation of these small gravel pockets.
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DETAILED DRILL HOLE LOG

SITE NO. 266X HOLE NO. DH 1
DATE: jAN. 28, 1973 [LOGGED BY: 71 PEMCAN O

ORILLING METHOD: 8] ., nveRfionar O CIRCOLAT N [ OTHER:
DEPTH UNIFIED GE%%%?TIOL%E SAMPLE | DEPTH
(Faer) | GRAPH | ouP MATERIAL DESCRIPTION TYPE [ {feer)
SYMBOL GEN’L N.RC. | ESTD
5 SYmsoL CLASS | CLASS | CONT.
T 0
SRRy Pt PEAT: organic, fibrous
ELERNE 1.0
X
2 5 ’g,; oL TOPSOIL: some silt, organic, 2
:’%@ roots, dark brown
% i 30
4 4 4
SILT: little sand, thin laminations,
6 bluish grey to light brown Vs |M-H 6 —
8 — ML 8 —
10 """ - becoming medium brown from 10
10.0'
VX H
12 Vx 12 -
13.0

TOTAL DEPTH 13.0'
14 - 14 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY @"E“"CA"' SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 266 X HOLE NO. DH-2

DATE: JAN. 28, 1973|LOGGED BY: [y PEMCAN O

DRILLING METHOD: [g] conventionar O &iRciiATion [ oTHeR:
CtoNDITIONS s
DEPTH AMPLE P
T Bl R MATERIAL DESCRIPTION e e e R T
sYmsol CLASS [ CLASS | CONT.
0 617 i 0 —
el ._’é oL TOPSOIL: some silt, organic,
1 e dark brown
2 e 20 2 —
‘J’ OL-ML SILT: trace organic, dark brown
4 2 4 —
: 5.0
6 6 —
GRAVEL: some silt, little sand,
GM-GP medium brown Vs [L-M
8 8 —
2.0
10+ SILT: little sand, occasional 10 S
ML=SM pebbles to 3" size, light brown
12 4 12 A
13.0
TOTAL DEPTH 13.0'
14 — 14

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY @"EMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

SITE NO. 266X HOLE NO. C,s 854
DATE: MAR. 9, 1973 [LOGGED BY: [ PEMCAN XI  R.M. HARDY & ASSOCIATES
DRILLING METHOD: (9 -onveNTional O SilRcotATion ] OTHER:
CCONDITIONS. sampie
PT LE| DEPT
Trea | Sraem | MATERIAL DESCRIPTION pows e oy 1 KA
MBOL 1 symsol cLass | cLass | conr.
0 0 —
GC GRAVEL: silty, clayey, coarse Vx | M
2 sand, siltstone inclusions 2 -
4 4.0 4
NP SANDSTONE-SILTSTONE:
- gravelly (Till like)
6 6.0 6
CLAY (TILL): sandy, silty, medium
Cl .
plastic, grey, cobbles
8 UF 8 -
P___- shale inclusions, calcareous
10 10 —
12 12.0 12 —
CH CLAY (SHALE): hard, high plastic,
i |
14 a0 lominated, grey color 14
END OF HOLE 14.0'

GOVERNMENT OF CANADA

OEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

E 11} 11}
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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SITE NO. 267X

Located approximately ¥ mile west of Vermilion Creek and 13 miles north of the proposed
Mackenzie Highway at Mile 608, Site 267X consists of an esker-like ridge deposit.

Type of Material: Silt and Sand; fine grained.

Estimated Volume: Not determined.

Assessment: Site 267X is not recommended for development because materials of
granular quality were not established during the field drilling prog-
ram.

== Al| weather road = seeeeeees .-+ Required access
————— Existing trails and cutlines  -——-——-Sjte limit
seanssssenns Proposed Gas Pipeline * == = = =« Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/91 Approximate scale: 1" = 3,000’
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@ PEMCAN SERVICES

ENVIRONMENT

Site 267X is located 3 mile west of Vermilion Creek and 13 miles north of the proposed
Mackenzie Highway right-of-way at Mile 608. The site consists of an esker-like ridge
deposit, approximately 4500 feet in length, 300 feet in width at its base with an elevation
rise of 50 to 60 feet above the adjacent flat terrain. The esker-like ridge is well drained
whereas the adjacent terrain exhibits poor to fair surficial drainage and is characterized
by a few small lakes.

The material in the ridge consists of fine grained, poorly graded sands with some silt. The
overburden consists of shallow topsoil and inorganic silt. The ridge is covered with sparse
growths of spruce attaining heights to 20 feet and trunk diameters to é inches. The under-
story growth is moderately dense and consists primarily of grasses and small bush.

There are no known critical wildlife areas in the immediate vicinity of Site 267X.

The only existing access to the site area from the CNT pole line and proposed Mackenzie
Highway right-of-way consists of an old, partly overgrown seismic cutline.

——

Sl ) Z
> 4= V- NI
7 /( NPl

>

e All weather road e Required access

—— — —— Existing trails and cutlines == Site {imit

ssssnssasess Proposed Gas Pipeline == == Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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@ PEMCAN SERVICES

DEVELOPMENT

Site 267X is not recommended for development because the potentially available granular
materials consisting of fine grained sands are only suitable for very marginal fill material

and the presence of extensive thicknesses of overburden material negates the exploitation
of these deposits.
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DETAILED DRILL HOLE LOG

SITE NO. 267X HOLE NO. DH-1
DATE: JAN. 29, 1973 [LOGGED BY: [X] PEMCAN O
ORILLING METHOD' [} conveRfional I ClRctATion [ OTHER:
DEPTH O ONDITIONS
SAMPLE
trow) | GRaPH | MATERIAL DESCRIPTION — ~Tvee | (tonr)
SYMBOL CLAsS | CLAsS ggL?
0 . 0 —
ey, oL . .
1.0 TOPSOIL: some silt and organic,
\ roots, brown [
2 - 2 -
4 A SILT: some sand, fine grained, 4 -
ML occasional pebbles and fragments Vx L
to 1" size, greyish brown
6 6 -
80 MC 8
SAND: some silt, fine grained, 10 4
SM occasional round and subangular UF
pebbles to 3" size, brown
12 4
13.0
TOTAL DEPTH 13.0'
14 — 14 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES “"72"

GRANULAR MATERIALS INVENTORY
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 267X/DH-1
Sample Depth (Feet): 7.0
Moisture Content (%): 141

lce Content (%):

Organic Content (%): -

GRAIN SIZE DISTRIBUTION:  (Test not conducted.)

: Sand _ Sizes Silt Sizes
Gravel Sizes a Si
re Cmejiodlum |Fine ggg“ﬂ Medium [Fina Clay zes
Seive Sizes
F 2 4 % %0 %0 %o"o%oo *200
100 N C
90 1 A
h
\
\ N
80 X
!
N, ¥ \
T WA Y,
N XN

260 S +
-] N\
s S ;

- o v\

* Y

N

a0
- b Y

13 N

§30 iy \‘

* ~ ~
20 N

10 ; Ch

i I
0 il i
100 10 I-0 0! 0-01 0-00! 0:0001
Groin Size — Millimetres
A E e FINE AGGREGATE

e o Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SITE NO. 268X

Located approximately 22 miles east of Norman Wells, Site 268X consists of segmented
narrow strand lines across which the proposed Mackenzie Highway is located between
Mile 609 and Mile 611.

Type of Material: Gravel; some sand, poorly graded, medium grained.
Estimated Volume: Not determined.
Assessment: Site 268X is not recommended for development because only very

minimal quantities of gravel suitable for construction requirements
are available.

== wm e = = Al| weather road sreeeereenee- Required access
————— Existing trails and cutlines  -——+=——Site limit
seseseeennss Proposed Gas Pipeline » == = == == « Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/148 Approximate scale: 1" = 3,000’
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@ PEMCAN SERVICES

ENVIRONMENT

Site 268X is located approximately 22 miles east of Norman Wells and is coincident with
the proposed Mackenzie Highway location from Mile 609 to Mile 611. The site consists
of segments of narrow strand lines, approximately 2 miles in length and less than a few
hundred feet in width. The site area and the adjacent terrain exhibit fair to poor surficial
drainage into the Mackenzie River which is located 2 miles to the southwest.

The material in the strand lines consists of poorly graded, medium grained, sandy gravels
which are suitable for good quality embankment fill material. However, the surficial
layers of sandy gravels are very thin and are underlain by glacial till and shale bedrock.
The organic peat and organic topsoil layer, less than 1 foot in depth, which overlies the
site area supports light to moderate growths of spruce and birch.

There are no known critical wildlife areas in the immediate vicinity of Site 268X.
The CNT pole line, proposed gas pipeline and the proposed Mackenzie Highway right-of-
way are located in the immediate vicinity of Site 268X. Therefore, existing or future

access to the site area is not a problem.

DEVELOPMENT

The information from the drill holes conducted by the engineering consultant for The Federal
Department of Public Works has been assessed and incorporated in this report. The follow-
ing conditions relative to the quality and quantity of available granular materials has been
established:

- The strand lines contain very shallow surficial deposits of clean, poorly graded,
medium grained gravels which may be suitable for good quality fill in the construc-
tion of subgrades for roads. Glacial till-like clayey silts underlie the shallow sur-
ficial gravel stratum.

- The depth of gravels varies from 2 to 5 feet and is overlain by 1 foot of organic top-
soil.

Site 268X is not recommended for development and exploitation of granular materials be-
cause of the very minimal quantities of gravels available for construction requirements.

In addition, the relatively thin layer of sand available for exploitation would require an
extensive surficial area being cleared if foraging for material is undertaken. These surfic-
ial deposits of gravels can be utilized as common fill material in the construction of local
utilities if they are encountered during the preparation of right-of-ways.
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SITE NO. 268X

DETAILED DRILL HOLE LOG

HOLE NO. C 803

DATE: MAR. 4, 1973

DRILLING METHOD: [y]

DEPTH
{Feet)

GRAPH
SYMBOL

16

v"-?."iff"«i&
.“'. AW
R

SAMPLE
TYPE

DEPTH
{feet)

LOGGED BY: ] PEMCAN X R.M. HARDY & ASSOCIATES
convenTionar [J ElRcOaTion [ OTHER:
GROUND __1CE
UNIFIED CONDITIONS
GROUP MATERIAL DESCRIPTION
Gent | nee. | EsTp
SYMBOL CLASS } CLASS | CONT.
Pt 0.5 MOSS - /7
OH |, CLAY : organic Ve Vx | M
cl CLAY (TILL): silty, sandy vx | L
gravelly, rust and coal specks,
medium plastic, brown
8.5 e
- less gravel e | M
7 ]
- shale inclusions, grey Nbn
15.0 %
END OF HOLE 15.0°

10

12 H

14 —

16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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SITE NO. 268X

DETAILED DRILL HOLE LOG

HOLE NO. C 805

DATE: MAR. 4, 1973

LOGGED BY: ] PEMCAN X1 R.M. HARDY & ASSOCIATES

DRILLING METHOD: X

AR AIR_REVERSE :
convenTionat [J circutation [ OTHER:

DEPTH
{feer)

0

12

16+

GROUND __ICE
crarn | UMTiED MATERIAL DESCRIPTION o e e 0 K
SYMBOL GEN'L N.RC. | EST'D
CLASS | CLASS | cOnr. 5
Pt 03 MOSS: —
OH 1.0 CLAY: organic Vx | M
GP GRAVEL: NF 2 -
- very clean
- poorly graded
- brown 4
6.0 —— — m e ] 6 -
- clayey
7.0
CH CLAY (SHALE): . Vs | L
- high plastic 8
- grey
10 —
Nbn 12
14
15.0 .
END OF HOLE 15.0'
16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"

268-4




SITE NO. 268X

DETAILED DRILL HOLE LOG

HOLE NO. C 807

DATE: MAR. 4, 1973

LOGGED BY: [] PEMCAN

] R.M. HARDY & ASSOCIATES

DRILLING METHOD' [g]

AIR_REVERSE

AIR D
CONVENTIONAL CIRCULATION

[0 OTHER:

DEPTH
(feat)

UNIFIED
GROUP
SYMBOL

GRAPH
SYMBOL

0

MATERIAL DESCRIPTION

GROUND ICE
CONDITIONS SAMPLE

TYPE

GEN'L
CLASS

N.R.C.
CLASS

EST'D

DEPTH
(feer)

CONT.

0.3 MOSS:

| 0 CLAY: organic

Vx| M

RN

10

12

14

GRAVEL:
- very clean
- brown

3.01

Nf

CLAY (TILL):

- silty, sandy
gravelly
cobbles
medium plastic
brown

less gravel
shale inclusions

grey

14.0

END OF HOLE 14.0

0 -

10

12 -

14

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. 268X HOLE NO. C 810
DATE: MAR. 4, 1973 |LOGGED BY: [ PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: (%) onveNTionar O ERcOATION [ OTHER:
GEOOL'{JNDDITIQ:QCSE SAMPLE
AMPL DEPTH
Teear | cRAPH | VTS MATERIAL DESCRIPTION T Lo 777 | 1900)
STMBOL I symsot CLASS | CLASS | cONT.
0 —re 0 -
s\ Pt 0.3 MOSS: T
LeLres OH CLAY: organic I Vx | M
1.0
3 Vx | M
2 Cl CLAY (TILL): 2
- silty, sandy Vr | L
- medium plastic
4 - pebbles 4 -
- rust
5.0--———m—mmmm—mm——mm o m e
- sandier
6 CI-SM Vx | L 6
8 8-
10 10.0 10
CH CLAY (SHALE):
- high plastic
12 - grey 12 4
14 14—
15.0
END OF HOLE 15.0'
16 - 16—

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND NORTHERN DEVELOPMENT @ “ "
PEMCAN SERVICES 72

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. 268X HOLE NO. C 812
DATE: MAR. 4, 1973 |LOGGED BY: ] PEMCAN Kl R.M. HARDY & ASSOCIATES
DRILLING METHOD: /) o nyenTionar O ElRcStATION [ OTHER:
CCONDITIONS: lsampie
DEPTH MPLE | DEPTH
troan) | SRAPH voLs MATERIAL DESCRIPTION o] oec Leora ] 7176 | troen
] svmeol cuass | cuass | conr.
0 &z 0 4
Pt PEAT: Vx | M
1.5
2 ) 2 4
SAND (TILL): silty, gravelly Nf
3.0
4 CLAY (TILL): Nbn 4
- sandy, silty
- rust and coal specks
6 -~ stones 6 —
- medium plastic
- brown
8 8 -
9.0
10 CLAY (SHALE): 10 A
- high plastic
- grey
12 12
14 14.0 14
END OF HOLE 14.0'

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

| PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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SITE NO. 269

LOCATION

Located approximately 18 miles southeast of Norman Wells on the east side of the Macken-
zie River, Site 269 encompasses the active stream channel of Prohibition Creek from its
mouth and extends 3% miles upstream. The stream channel in its downstream section is 300
to 800 feet wide and contains variably washed sand, gravel and silt deposits.

The proposed Mackenzie Highway and gas pipeline routes, both cross the Prohibition Creek
valley approximately 2 miles upstream from its confluence with the Mackenzie River.

== =—w All weather road = ... Required access

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

eessecensaan Proposed Gas Pipeline = e = Proposed Mackenzie Highway
Airphoto No. A22934/146 Approximate scale: 1" = 3,000
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@ PEMCAN SERVICES

GENERAL

Site 269 consists of alluvial deposits exposed in gravel bars and low terraces which are mostly
below or at the high water level of the creek. The drainage area of Prohibition Creek is
approximately 20 miles.

Coarser deposits form terraces and gravel bars within the braided stream channel and are de-
noted as "a" on the site airphoto. The material becomes finer toward the stream mouth which
is marked by a relatively wide and flat fan denoted as "b" on the airphoto. Fine grained,

silty and sandy material with some clay can be expected to prevail along the downstream
creek segment.

The terraces are covered with organic silt supporting sparse growths of small bushes. Most
areas adjacent to the creek channel support growths of spruce. Wet and poorly drained sites
are characterized by tamarack. There are no known critical wildlife areas in the immediate
vicinity of Site 269. The use of this creek by fishery resources is primarily seasonal as it
generally dries up by early to mid-summer.

Access to this site can be achieved from the existing winter road which traverses the site
area at the southern extremities of this source.

Site 269 is not suggested for development since the granular materials are located within the
stream channel of an active water course.

N
-]

STAY

@){*\/ y °n,\\ {
. { o \., ég\ \__2/2; ; f , /
: 3 - 7

e All weather roed el Required access

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

esecsenseess Proposed Gas Pipeline e ws e Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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SITE NO. 270

Located approximately 19 miles east of Norman Wells and adjacent fo the southside of the
proposed Mackenzie Highway af Mile 613, Site 270 consists of a localized glaciofluvial
outwash plain.

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

Estimated Volume: 200,000 cubic yards.

Assessment: Good quality granular materials suitable for embankment fill, base
and s..face courses; Site 270 is recommended for development.

LEGEND
=== == Al| weather road e s++++++- Required access
————— Existing trails and cutlines  +——:=—-Site limit
seescarsesass Proposed Gas Pipeline * == = = === Proposed Mackenzie Highway
© DH  Drill Hole - TP Test Pit
Airphoto No. A22934/147 Approximate scale: 1" = 3, 000"
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@ PEMCAN SERVICES

ENVIRONMENT

Site 270 is located 19 miles east of Norman Wells immediately adjacent to the southside
of the proposed Mackenzie Highway right-of-way at Mile 613. The site consists of a
localized glaciofluvial outwash deposit which encompasses an area 4000 feet in length
and 300 feet in average width. The site extends southeastwards from the east bank of
Prohibition Creek. The site area and adjacent terrain exhibit fair to good surficial drain-
age conditions to the west into the watershed of Prohibition Creek.

The material in the outwash deposits consists of well graded, medium grained gravels over-
lying coarse grained sands with a little silt. These gravels and sands are considered suit-
able for good quality embankment fill and for the production of base course and surface
course aggregates. A layer of peat and organic topsoil, less than 6 inches in depth, over-
lies the site area and supports light to moderate growths of spruce, birch and poplar attain-
ing heights to 30 feet and trunk diometers to 10 inches. The sparse understory growth con-
sists primarily of grasses and small shrubs.

There are no known critical wildlife areas in the immediate vicinity of Site 270. Potential
spawning gravels exist in the gravel bottomed channel of Prohibition Creek; however, the
utilization of these gravels by fishery resources is likely limited by the fact that the Creek
normally dries up by mid-summer.

The only existing access to the site area from the CNT pole line and proposed Mackenzie
Highway right-of-way, which are coincident in the immediate vicinity of Site 270, con-
sists of the short access trail which was cleared by the consultant for The Federal Depart-
ment of Public Works during their winter drilling program.

DEVELOPMENT

The exploratory test pits and drill holes which were carried out on Site 270 by PEMCAN
and the engineering consultant for The Federal Department of Public Works showed the
following conditions relative to the quality and quantity of available granular materials:

- Good quality granular materials consisting of well graded, medium grained, clean
gravels were encountered to depths varying from 3 to 15 feet below the existing
ground surface. The gravels are underlain by coarse grained sands with a little silt
to the bottom of the drill holes. The gravels are considered suitable for good quality
embankment fill material and for production of base course and surface course agg-

regates.

- The overburden material consisting of peat and organic topsoil is less than 6 inches
in depth.

- The southeast finger of the site area, away from Prohibition Creek, is considered to

contain only shallow layers of gravel near the surface.
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@ PEMCAN SERVICES

The estimated quantity of available granular materials is considered to be in the
order of 200,000 cubic yards.

Site 270 is recommended for development and exploitation of granular materials to supply
the requirements for the construction of local utilities. The following guidelines should
be considered in the development of borrow pits:

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

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

Relative to granular deposits immediately adjacent to the east side of Prohibition
Creek, the development procedures should be commenced at the source area farthest
removed from the water course. A buffer zone of adequate width should be main-
tained between the stream and the final limits of the borrow pit.

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain to the active Prohibition 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
drainage of the adjacent terrain.

Replacing stockpiled surficial waste material on the abandoned borrow pit areas.

Reseeding of the recontoured pit areas may be considered although existing cutlines
in the area indicate that understory growth and eventually spruce will be naturally
reestablished.
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DETAILED TEST PIT LOG

270/7TP 1
- 0.0
Zad (OL) 0.6 Topsoil
(ML) Silt; some sand, light brown, roots
1.5
Sand and Gravel; some silt, stratified,
§ (SM-GW) grey, pebbles to 2 inch size
)
€
D k.
—— 5.0
Sand; medium to coarse grained, few
(SW) pebbles, grey
6.5
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DETAILED DRILL HOLE LOG

SITE NO. 270 HOLE NO. 902
DATE: MAR. 9, 1973 |LOGGED BY: ] PEMCAN R R.M. HARDY & ASSOCIATES
DRILLING METHOD: (%] o \yeRTionar O EIRcOLATION [ OTHER:
DEPTHM UNIFIED Gég%%?nohgs SAMPLE | DEPTH
(Foer) | GRAPH | ooup MATERIAL DESCRIPTION TYPE | (feer)
SYMBOL GENL { NRC. | EST'D
SYMBOL CLASS } CLASS | CONT.
0 0
OH |43 ORGANIC CLAY: silty,
-\ medium plastic /—
GC GRAVEL: organic, sandy, silty, Nbn 2 —
3.0 clayey, non to low plastic
4 SM SAND: coarse, silty, sharp, UF 4
non plastic, brown
64 6
6.5
SAND: silty, clayey,
8 ! 5C medium grained, low 8 -
plastic, brown
104 10 -
12 12
14 14.0 14 —
SM SAND (TILL): silty,
16 non-plastic, clay (TILL) inclu- 16
sions, shale inclusions
18 18
20 200~/ END OF HOLE 20.0’ ) ] 20

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES “72"
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SITE NO. 270

DETAILED DRILL HOLE LOG

HOLE NO. 904

DATE: MAR. 9, 1973

LOGGED BY: ] PEMCAN

K] R.M. HARDY & ASSOCIATES

DRILLING METHOD: [)

AIR REVERSE

AIR D
CONVENTIONAL CIRCULATION

[ OTHER:

DEPTH
{foor)

UNIFIED
GROUP
SYMBOL

GRAPH
SYMBOL

MATERIAL DESCRIPTION

GROUND ICE
CONDITIONS SAMPLE

TYPE

GEN'L
CLASS

N.RC.
CLASS

EST'D
CONT.

DEPTH

(feet)

0

AR

o

MOSS

H A

GwW

03

GRAVEL:

- well graded
sand

clean

o —— —

boulders
sandier

Nf

SM

15.0
SAND: silty
- coarse grained
sharp
non-plastic
finer

END OF HOLE 20.0!

20.0—

0

10 A

12 4

14

16 H

18 4

20 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS

INVENTORY

E PEMVICAN

SERVICES "72"
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SITE NO. 271

LOCATION

Located on both sides of the upstream section of Prohibition Creek, Site 271 consists of a
series of bedrock ridges which possibly contain competent, crushable limestone beds.

The proposed Mackenzie Highway right-of-way at Mile 610.5 is located approximately 3
miles southwest of Site 271. The proposed gas pipeline route parallels the site to the south-
west at a distance of less than 2 miles.

= All weatherrood e Required access

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

=essssasenss Proposed Gas Pipeline e = weme Proposed Mackenzie Highway
Airphoto No. A22934/93 Approximate scale: 1" = 3,000’

271-1




l PEMCAN SERVICES

GENERAL

Site 271 consists of a series of bedrock ridges paralleling the southwestern toe of Norman
Range. The terrain surface is rugged and well drained because of deeply incised channels
of Prohibition Creek and its tributary streams. The most southerly located ridge, known as
Vermilion Ridge, borders the flat Mackenzie Plain. This ridge is readily accessible along
existing seismic cutlines while access to other ridges is difficult because of eroded gullies
and rugged terrain.

Numerous exposures of blocky and fractured limestone are noted within the site area. The
exposures, marked as "a" on the site airphoto, form prominent escarpments. According to
geological evidence, the ridges also contain frequent shale beds. Discontinuous layers of

glacial drift cover major ridge segments and support moderate growths of spruce and irreg-
ular stands of poplar. There are no known critical wildlife areas in the immediate vicinity

of Site 271.

It is considered that the thick Middle Devonian limestone beds are suitable for a quarry
location. The bedrock will very likely require blasting to be extracted. Good quality
general fill material can be obtained and aggregates for base and surface courses can poss-
ibly be produced by crushing and screening of fresh limestone from this site area.

/QV “ ‘J \
v “ f%

/7

—mmemeue All weather road e Required access

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

e=sesesasans Proposed Gas Pipeline e = e Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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SITE NO. 272X

Located approximately 17 miles east of Norman Wells and 1% miles southwest of the prop-
osed Mackenzie Highway at Mile 616, Site 272X consists of a prominent narrow alluvial
terrace on the north bank of the Mackenzie River.

Type of Material: Silt; some sand and clay, stratified.

Estimated Volume: Not applicable.

Assessment: Site 272X is not recommended for development because materials
of granular quality were not encountered during the field drilling
program.

S

LEGEND

== o= = = Al| weather road sesesneneeee Required access
————— Existing trails and cutlines ~ -——:—:Site limit
«essessennes Proposed Gas Pipeline + == == == == Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22934/145 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site 272X is located approximately 17 miles east of Norman Wells and 1 miles southwest
of the proposed Mackenzie Highway right-of-way at Mile 616. The site consists of a
prominent narrow, alluvial terrace, approximately 2 miles in length and 700 to 1000 feet
in width, along the northeast bank of the Mackenzie River. The site area exhibits good
surficial drainage in all directions, whereas the adjacent terrain immediately to the north-
east is flat, poorly drained and contains several lakes.

The material in the alluvial terrace, consisting of silt with a little sand and clay, exhibits
high ground ice content. A surficial layer of peat and topsoil, less than 1 foot in thick-
ness, covers the site area and supports moderately dense growths of spruce.

There are no known critical wildlife areas in the immediate vicinity of Site 272X.
The only existing access to Site 272X from the CNT pole line, proposed gas pipeline or
proposed Mackenzie Highway right-of-way consists of seismic cutlines and the access trail

which was cleared during the winter drilling program.

DEVELOPMENT

Site 272X is not recommended for development, because materials of granular quality were
not encountered in the alluvial terrace. Although the initial airphoto interpretation and
field reconnaissance observations indicated a good possibility of locating granular materials,
the field drilling program did not prove up any granular type materials.
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SITE NO. 272X

DETAILED DRILL HOLE LOG

HOLE NO. DH-1

DATE: pec. 16, 1972 LOGGED BY: [f] PEMCAN O
DRILLING METHOD' %) onveRTional [ SlRcOLATION ] OTHER:
GROUND ICE
DEPTH UNIFIED CONDITIONS SAMPLE | DEPTH
ttean | SRR | Grour MATERIAL DESCRIPTION et | nee | esro | TYPE | e
SYMBOL CLASS | cLass | conr.
0 &%= 0
% Pt PEAT: organic, fibrous, muskeg
1.0
2 A 2
SILT: little sand and clay,
4 - medium to high plastic, grey 4 -
Vs | H
6 - 6 -
MH
8 - 8 —
10 — 10 —
McC
12 12 4
14 14.0 14 -
TOTAL DEPTH 14.0'
16 - 16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

| PEMCAN SERVICES “72"
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SITE NO. 272X

DETAILED DRILL HOLE LOG

HOLE NO. DH-2

DATE: pec. 16, 1972

LOGGED BY: [¥] PEMCAN 0

DEPTH
(feet)

DRILLING METHOD" []] <onyentionat [ ElRcOLATION [ OTHER:
Gz%%ND?TIO;JCSE SAMPLE
DEPTH PL
O Kl A MATERIAL DESCRIPTION e e
SYMBOL CLASS | CLASS | CONT.
0t
:b Pt o PEAT: organic, fibrous
2
i SILT: little sand and clay,
4 medium to high plastic, grey
6 —l MH Vs
H
Vx
8 -
10 S
12
13.0
TOTAL DEPTH 13.0'
14 —

10

12 4

14

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES "“72"
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DETAILED DRILL HOLE LOG

SITE NO. 272X HOLE NO. DH-3
DATE: pEC, 16, 1972 [LOGGED BY: [ PEMCAN 0
DRILLING METHOD: %] (o \veRTional O ElRcOEATION [ OTHER:
DEPT R ONDITIONS. [sampi
H MPL DEPT
(roar | SRAPH | e MATERIAL DESCRIPTION T [ | 17PE | theen
- SYMBOL CLASS | CLASS | CONT.
T 7
[%3’?’& Pt o PEAT: organic, muskeg
2 ,-
SILT: little sand and clay,
4 - medium to high plastic, grey 4 —
é - MH Vs | H 6 -
8 - 8
10 10 —
12 i 12 —
130
TOTAL DEPTH 13.0'
14 - 14 -

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample Sample Depth Moisture Content

Location (Ft.) (%)
272X/DH-1 11.0 83.5
272X/DH-3 12.0 109.4
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SITE NO. 273X

Located approximately 17 miles east of Norman Wells in the immediate vicinity of the
proposed Mackenzie Highway from Mile 614 to Mile 618, Site 273X consists of beach

ridge deposits, abandoned strand lines and a small altuvial fan.

Type of Material: Sand and Gravel; some silt, variable gradation.

Estimated Volume: Not determined.

Assessment: Site 273X is not recommended for development because the avail-
able granular material deposits are very thin and the potentially
recoverable volumes are quite minimal. In addition, the foraging

for material in these widely scattered deposits could result in ex-

tensive surficial disturbance.
o o - - <

—
Mockenzie River

LEGEND
= = == = Al | weather road sreeeeenenee Required access
————— Existing trails and cutlines  +=——:—:Site limit
sesssansseas Proposed Gas Pipeline * == == = = « Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/144 and 146 Approximate scale: 1" = 3,000

273-1




@ PEMCAN SERVICES

ENVIRONMENT

Site 273X is located approximately 17 miles east of Norman Wells in the immediate vicinity
of the proposed Mackenzie Highway right-of-way from Mile 614 to Mile 618. The total
site area consists of beach ridge deposits, abandoned segments of strand lines and one small
alluvial fan which encompasses an aggregate area approximately 3% miles in length and 3
mile in width extending north from Prohibition Creek to Christina Creek. The site and ad-
jacent terrain exhibits fair surficial drainage to the southwest.

The material in the beach ridges, strand line segments and the small alluvial fan consists of
very shallow surficial layers of sand and gravel which are high in silt content and exhibit
variable gradation. The sand and gravel layers, generally, less than 2 to 4 feet in thick-
ness are underlain by glacial till. Pockets of gravelly till were noted in a few drill hole
locations. An organic topsoil layer, less than 1 foot in thickness, overlies these deposits
in the site area and supports light to moderate growths of spruce and birch.

There are no known critical wildlife areas in the immediate vicinity of Site 273X.
The access to the site area is quite good because the CNT pole line and the proposed gas

pipeline route parallel the northern periphery of the site and the proposed Mackenzie High-
way right-of-way is located along the southern perimeter.

DEVELOPMENT

The information from the drill holes conducted on Site 273X by the engineering consultant
for The Federal Department of Public Works has been assessed and incorporated in this
report. The following conditions relative to the quality and quantity of available granular
materials has been established:

- The beach ridges, segments of strand lines and the alluvial fan contain very shallow,
surface layers of sand and gravel which are high in silt content and extremely var-
iable in gradation. Occasional pockets of sand or gravel to depths of 7 to 12 feet
below existing ground surface were noted. These sands and gravels are considered
to be only suitable for use as fill material in the construction of building pads, road
subgrades and berms for pipelines.

- The average thickness of recoverable sand and gravel, based upon drilling information,
is considered to be less than 3 feet.

- The average overburden depth consisting of topsoil and organic silt is generally less
than 1 foot.

Site 273X is not recommended for development and exploitation of granular materials
because the quantity of potentially recoverable sands and gravels is quite minimal. In
addition, these pockets and layers of sand and gravel are widely scattered and the foraging

273-2




@ PEMCAN SERVICES

for materials could result in extensive surficial disturbance to the site area.
However, if the utility right-of-ways are located, as proposed, across these various deposits,

then these pockets of sand and gravel which would be encountered during the construction
of such facilities could be utilized as fill material.
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DETAILED DRILL HOLE LOG

SITE NO. 273X HOLE NO. C 777
DATE: \MAR. 10, 1973 [LOGGED BY: [ PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: (%] -nyeNTionar O EiRciLATION [ OTHER:
DEPTH UNIFIED ng‘i‘zhl‘:?nohcse SAMPLE | DEPTH
(feor) | SRAPH | ouP MATERIAL DESCRIPTION TYPE | (feer)
SYMBOL SYMBOL GEN’L | N.RC. | EST'D
CLASS | CLASS | CONT.
0 0 -
SP SAND: coarse, gravelly Nf
1o Y
5 SW 6.0 - fine gravelly 5
. Vx| M
cl CLAY (TILL):
10 silty, sandy, gravelly, { Vs | M 10 —
medium plastic, brown, calcareous
UF
173
15 = grey 15 -
18.0
- high plastic
- grey
25 UF 25 —
30 30
35 35
40 40 -
50 50.0~" ENID OF HOLE 50.0" \ 50

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @

PEMCAN SERVICES 72"

GRANULAR MATERIALS INVENTORY
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DETAILED_ DRILL HOL

E LOG

SITE NO. 273X

HOLE NO. C 778

DATE: MAR. ]O, 1973 LOGGED 8Y: D PEMCAN

K R.M. HARDY & ASSOCIATES

DEPTH
{feet)

DRILLING METHOD: ] o \veNTionar O ERcOTATION [0 OTHER:
GROUND _ICE
DEPTH UNIFIED CONDITIONS SAMPLE
(Fean) | SRAPH 1 GRoue MATERIAL DESCRIPTION I — rvee
SYMBOL Class | cuass | conr
0 oo
S5 OH ORGANIC SILT: clayey, medium Nb
plastic, yellow-brown color n
2 2.0
GP GRAVEL: slightly sandy s | L
““““ - boulders
4 4.0
CLAY (TILL): silty, sandy, s
Ci-CL . .
6 gravelly, low-medium plastic,
brown, rust and coal specks
calcareous
8
10 10.0
CH CLA\"(SHALE): silty, high vx | M
plastic, brown
12
----- - grey
14 14.0
END OF HOLE 14.0'

0 —

10

12 4

14 -

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. 273X HOLE NO. 870
DATE: MAR. 10, 1973 [LOGGED BY: [ PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [g] CONVE%H’RIONAL O é.'&SEX%’.‘S& [J OTHER:
O ONDITIONS.  |sampie
DEPTH AMPL DEPT
O ol I MATERIAL DESCRIPTION pe e ey L R
MBOL | symsoL CLASS | CLASS cgm,
0 <o 0 -
sz W @) 0.3 MOSS: e
MESEL OH-OL ORGANIC CLAY: silty, medium vx | H
ot 20 plastic, dark brown 2 |
5 e GRAVEL (TILL): silty, sandy,
cloyey, calcareous
4 4.0 4
CLAY (TILL): silty, slightly
6 Cl sandy, non-plastic, brown, Vx | L 6 -
occasional shale inclusion
some gravel
8 8 —
10 10 4
2+ o b ] 12 -
Transition Zone
14 14.0 14 —
CLAY (SHALE): silty, medium
to high plastic, grey, fissured,
16 Till inclusions 16 -
_____ - laminated inclusions
Ly’ I ~ rust fissures 18
- siltstone beddings
20 200 END OF HOLE 20.0' \ 20 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

@ [{] %
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

SITE NO. 273X HOLE NO. C 876
DATE: p1AR. 10, 1973 [LOGGED BY: [ PEMCAN R.M. HARDY & ASSOCIATES
DRILLING METHOD: [ CONVEQ'TRmNAL O éu'gcgf\/\g?cs)in (] OTHER:
GROUND _ ICE
DEPTH UNIFIED CONDITIONS SAMPLE | DEPTH
(feet) SGY:AABPOHL GROUP MATERIAL DESCR'PT'ON cent | wre | esto TYPE | (feet)
SYMBOL CLASS | CLASS | CONT.
0 0 —
oL ORGANIC SILT: clayey,
medium plastic, organic inclusions Vx | M
2 2.0 2 -
: GRAVEL: coarse, sandy, Vs M
4 d GM-GC clayey, silty, brown, pebbles, 4 4
calcareous shale inclusions
6 6
Vx L
8 8 -
10 10 —
p Nbn
12 12.0 12 —
CH CLAY (Shale): firm, high
plastic, grey, laminated
14 14 ]
15.0
END OF HOLE 15.0'
16 4 16 4

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY @"E""CAN SERVICES "72"
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SITE NO. 273X

DETAILED DRILL

HOLE LOG

HOLE NO. C 880

DATE: MAR. 11, 1973

LOGGED BY: ] PEMCAN

K] R.M. HARDY & ASSOCIATES

DRILLING METHOD:

AR 0 AIR REVE
CONVENTIONAL CIRCULAT

R3& O OTHER:

Gg%%NDDITIO'l‘JCSE SAMPLE
DEPTH MPLE | DEPTH
troan) | SRAPH | or MATERIAL DESCRIPTION e e e A e
SYMBOL CLASS | CLASS | CONT.
. o MOSS: U 07
N\ 0.3 : a
GRAVEL: sandy, silty, clayey, Vx | M 2
GM-GC non to low plastic, brown
4
6 -—
7.0
CH CLAY (Shale): silty, 8 —
high plastic, calcareous, grey X Vi | M
10
Vr L -
14.0 .
END OF HOLE 14.0'

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 273X HOLE NO. C 887
DATE: piaR. 11, 1973 [LOGGED BY: [ PEMCAN ® R.M. HARDY & ASSOCIATES
ORILLING METHOD: [X] .\ vehFionar O ElRciiation LI OTHER:
Ceonpitions: s
AMPLE | DEP
e | Staen | MATERIAL DESCRIPTION T Lo 778 | Gheen)
STMESL T svmsot CLASS | cLASS | conr. 5
0 =y -
G 0.3~ MOSS i Vs | H
: ; OH O.RGANIC.: CLAY: silty, medium Vs | H
o PEEEY high plastic, dark brown 2 |
8 2.5
CLAY (TILL): sandy,
4 L gravelly, silty, low plastic, Vx| M 4
brown, rust and coal specks,
shale inclusions, calcareous
6 6 e
8 8 —
Vr | L
10 10 —
2V 4 [~ - - grey 12 -
14 14.0 14
END OF HOLE 14.0'
- -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

E [} 11
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

HOLE NO. SN 905
X R.M. HARDY & ASSOCIATES

SITE NO. 273X

10
12
14
16 —
18
20

=
c
X 0
> Z
w
-
)
=
o
— b <
Z a 5 o
E .= =
D .Hlvk.)l.\ul - Io
= o o .2 £ .
a. c
— eoc 3 L o
oz mpOO i N
O w o
(7 ..LI-OII-D| o w
w oS Ly W< —
(&) — = e LW O
— < .83 < 2 T
< ITTS O I o b
_— w -
- >£ el > p A
v
<< p © 2 <C o v
W ~ 0 D3] - O
U 3 o0& U o I /_._r_
©
o
~

it
PEMCAN SERVICES "72"

DATE: MAR. 10, 1973 [LOGGED BY: [ PEMCAN

RILLING METHOD: g CONVEl{lI‘IBON

O

-
)

GOVERNMENT OF
DEPARTMENT OF INDIAN AFFA
AN O

DEVELOPMENT

RTHERN

GRANULAR MATERIALS INVENTORY
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 273X/GSC 37 273X/GSC 38
Sample Depth (Feet): - -
Moisture Content (%): 4.4 6.1

lce Content (%): - -

Organic Content (%): - -

GRAIN SIZE DISTRIBUTION:

; Sand Sizes St Sizes
1 Si
Grave Sizes Couruj&gd!um |F|M gggn.l Medium | Fine Cloy et
Seive Sizes
ook rd 4 % "o %0 *“a0%s0"o00 %200
naS \L N
\ 3
90 [
N
80
A
N
70 \ \‘ N
M N
gso LN N
50 A M "
- GSC 3 \\ N, N
e N
iC 40 \ N 3
£ \ GSCB7—~ < <
§ N \ \\\ \L\
-2
a )
20 N[ Sy
— \ Ny
10 ~ RET] <
0 Tt o
100 10 10 01 0-01 0-001 0-000!
Grain Size — Millimetres
AGCGORAE%SA%'E FINE AGGREGATE
——— o Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SITE NO. 274X

Located approximately 17 miles east of Norman Wells and parallel to the northside of the
proposed Mackenzie Highway from Mile 614 to Mile 619, Site 274X consists of a narrow,
discontinuous beach ridge deposit.

Type of Material: Sand; little silt, fine grained, poorly graded.
Estimated Volume: Not determined.
Assessment: Site 274X is not recommended for development because only a min-

imal volume from a thin layer of very poor quality sand is available
for construction purposes.

e T
LEGEND
== == = = Al weather road sessereeeee- Required access
————— Existing trails and cutlines  -——:———-Site |imit
sessesensnes Proposed Gas Pipeline * == == = == - Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22934/94 Approximate scale: 1" = 3,000'
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ENVIRONMENT

Site 274X is located approximately 17 miles east of Norman Wells and parallel to the north-
side of the proposed Mackenzie Highway right-of-way from Mile 614 to Mile 619. The site
consists of a discontinuous, narrow beach ridge formation which is approximately 5 miles in
length and extends from Prohibition Creek northwest to Francis Creek. The active stream
channels of Christina Creek and Helava Creek are incised through the site area. The beach
ridge rises only slightly above the adjacent terrain and exhibits fair surficial drainage to the
southwest into the general watershed of the various creek channels.

The material in the beach ridge, consisting of fine grained, poorly graded sands with a little
silt, may be suitable as fill material in very marginal construction requirements for road sub-
grades. The sand stratum is very shallow and is underlain by glacial till. An organic top-
soil layer less than 1 foot in depth, overlies the site area and supports light to moderate
growths of spruce and birch.

There are no critical wildlife areas in the immediate vicinity of Site 274X.
The only existing access to the site area from the CNT pole line, proposed gas pipeline or
the proposed Mackenzie Highway consists of various seismic cutlines which, in part, traverse

thermally sensitive terrain at various locations.

DEVELOPMENT

The exploratory drilling which was carried out on Site 274X, showed the following condit-
ions relative to the quality of subsurface material:

- The beach ridge consists of fine grained, poorly graded sands with a little silt which
may be suitable for very marginal fill in the construction of subgrades for roads.

Glacial till-like clayey silts underlie the shallow surficial sand stratum.

- The sand is approximately 4 feet thick and is overlain by a 1 foot thick layer of org-
anic topsoil .

Site 274X is not recommended for development and exploitation of granular materials be-
cause of the very poor quality of sand available for construction requirements.

In addition, the relatively thin layer of sand will require an extensive surficial area being
cleared if foraging for material is undertaken.
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DETAILED DRILL HOLE LOG

SITE NO. 274X HOLE NO. DH-1
DATE: pec. 15, 1972 [LOGGED BY: [x] PEMCAN O
DRILLING METHOD: ) o\veNTionar O BlRcObATion [ OTHER:
O ONDITIONS [samp
EPT AMPLE | DEPTH
oy | srarn | 000 MATERIAL DESCRIPTION — T [ | 77 | G
SYMBOL CLAsS | cLASS | con.
T 0
s‘ Pt PEAT: organic, fibrous, muskeg
1.0
2 2 -
SAND: some silt, fine grained,
poorly graded, pebbles to 3/4"
4 size, medium brown 4
5.0
6 - 6 —
SILT: some sand, pebbles to 3/4" v M
size, light to medium brown s
8 - (TILL-LIKE) 8
10 -f MH g 10 4
12 12.0 12 -
TOTAL DEPTH 12.0'
14 14 -

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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SITE NO. 275

Located approximately 17 miles east of Norman Wells and 1% miles northeast of the prop-
osed Mackenzie Highway at Mile 617, Site 275 consists of an alluvial fan deposit which
has been incised by the Christina Creek stream channel.

Type of Material: Sand and Gravel; little to some silt, poorly graded, fine to medium
grained.

Estimated Volume: 2,000,000 cubic yards.

Assessment: Fair to good quality granular materials which are suitable for embank-
ment fill in the construction of road grades and utility backfill; Site
275 is recommended for development.

o

LEGEND

=== Al|l weather road oo »+++=++- Required access
————— Existing trails and cutlines  +——-——-Site limit
ressaeeesaes Proposed Gas Pipeline » == o= == == Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22934/94 Approximate scale: 1" = 3,000’
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ENVIRONMENT

Site 275 is located approximately 17 miles east of Norman Wells and 12 miles northeast
of the proposed Mackenzie Highway right-of-way at Mile 617. The site consists of an
alluvial fan deposit which has been incised by the current stream channel of Christina
Creek and encompasses an area 6000 feet in length by 1500 feet in width. The site area
and immediately adjacent terrain exhibits good surficial drainage to the southwest into
the watershed of Christina Creek. The rugged McConnell Range rises steeply immediately
to the north of Site 275.

The material in the alluvial fan deposit consists of fine to medium grained, poorly graded
sands and medium grained, well graded gravels with variable silt contents. These sands
and gravels are suitable for good quality embankment fill material in the construction of
road grades. The surficial layer of topsoil and organic silt is generally less than 2 feet

in depth and supports light to moderate growths of spruce and birch. The understory growth
is sparse.

There are no known critical wildlife areas in the immediate vicinity of Site 275. Although
Christina Creek is reported to contain potential spawning gravels, the usage of this water-
course by fishery resources is limited because the Creek normally dries up by mid-summer.

The only existing access to the site area from the CNT pole line or proposed Mackenzie
Highway right-of-way consists of a seismic cutline and the access trails which were clear-
ed to the site area during the winter drilling program.

DEVELOPMENT

The detailed exploratory drilling conducted on Site 275 has shown the following conditions
relative to the quality and quantity of available granular materials:

- Fair to good quality granular materials which con be utilized for embankment fill
in the construction of road grades, building pads and pipeline berms can be re-
covered from Site 275. These granular materials consist of fine to medium grained
sands and medium grained, well to poorly graded gravels with a variable silt con-
tent.

- Sands and gravels were encountered to the depths of drill holes conducted which
ranged from 12 to 28 feet below the existing ground surface. An average depth of

15 feet was utilized for estimating the volume of available granular materials.

- The overburden material consisting primarily of topsoil and organic silt is less than
2 feet in depth.

- An estimated volume in excess of 2,000,000 cubic yards of sand and gravel is con-
sidered recoverable from Site 275.
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- The ground ice content of the frozen gravels are very low and the in situ gravels are
generally in a friable condition. ‘

Site 275 is recommended for the development and exploitation of granular materials and
the following guidelines should be considered in the development of borrow pit areas:

- In view of the stratified nature of the in situ sands and gravels, vertical excavation
of borrow pit areas should be considered for recovery of better sorted pit run aggreg-
ates. In addition, if careful and selective excavating procedures are utilized in the
development of borrow pits, then the pockets or layers of better quality gravels could
be exploited for the production of base and surface course aggregates.

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

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

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

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

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

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

- Replacing stockpiled surficial waste material on the abandoned borrow pit areas.
- Reseeding of the recontoured pit areas may be considered although existing cutfines

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

SITE NO. 275

HOLE NO. DH 1

DATE: pEC. 16, 1972

LOGGED BY: (%] PEMCAN

)

DRILLING METHOD: []

AR 0 AIR _REVE
CONVENTIONAL CIRCULAT

R3E, [0 OTHER:

DEPTH

(feet)

DEPTH UNIFIED G?:%?ﬁ)?nons
{faet) ;:“g’: G ROUP MATERIAL DESCRIPTION et | e
SYMBOL CLASS | cLASS
0
Pt Lo PEAT: organic, fibrous,
_\ muskeg [

10

12

13.0

SAND: some silt, little gravel,
predominantly fine and medium
§ SP-SM grained, poorly graded, frequent Vs
: pebbles with shale fragments
to 3/4" size, medium brown

TOTAL DEPTH 13.0

0 A

10 —

12 A

14 -

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. 275 HOLE NO. DH-2
DATE: pEC, 15, 1972 [LOGGED BY: [g) PEMCAN O
DRILLING METHOD: [®] (. \venTionar O ElRcOLATION [ OTHER:
GROUND 1CE
DEPTH UNIFIED CONDITIONS SAMPLE | DEPTH
tFoent | SRAPM | Groue MATERIAL DESCRIPTION et | e | estp | TV | (Feen)
SYMBOL CLASS | CLASS | CONT.
0 0
Pt PEAT: organic, fibrous /1
0.8
3 Vs 3
SAND: some gravel, little silt,
6 fine to coarse grained, well
: graded, pebbles to 3/4" size, N 6
1 SW-SM brown MC})
: GS
9 9
12 12 —
15 NFE L 15
16.0
18 \ 18
GRAVEL: little sand, trace silt, MC
- medium to coarse grained, well %SZ
21 GW-GM graded, predominantly subrounded 21 —
: to subangular limestone and
dolomite with quartzite pebbles
to 1" size, medium brown
24 24
27 | 27
280 MC
TOTAL DEPTH 28.0!
30 — 30 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

| PEMCAN SERVICES "“72"

275-5




SITE NO. 275

DETAILED DRILL HOLE LOG

HOLE NO. DH-3

DATE: pEC. 15, 1972

LOGGED BY: m PEMCAN 0

DRILLING METHOD: ) ¢ onyeRtionat (1 EiRcOtATION [ OTHER:
pEPTH CtoNDITIONS. s
MPLE | DEPT
O ol I MATERIAL DESCRIPTION i s R
sYmsoL CLASS | cLass | conr.
0 0
oL TOPSOIL: some silt, organic,
roots, dark brown Vs
1.5
2 .
SILT AND SAND: pebbles to 3/4", 2
ML light brown
4 4.0 4
GRAVEL: some sand, pebbles to Vx L
6 GW 1" size, medium brown Ve 6
R A --== - becoming high in silt content 8
from 8.0'
10 GM-GP 10
12 12.0 12 4
TOTAL DEPTH 12.0'
14 14

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. 275 HOLE NO. DH-4
DATE: pEC. 15, 1972 LOGGED BY: [q PEMCAN 0
DRILLING METHOD: /] (o\veRional (I EiRcOLATION (] OTHER:
DEPTH GEOO%NDDITIOLCSE SA
MPLE
lhea | rapn | S0 MATERIAL DESCRIPTION TYPE | (fear)
SYMBOL SYMBOL GEN'L N.RC. | EST'D
CLASS | CLASS { CONT.
0 0 -
2 ; GRAVEL: some sand, little silt, 2
1 GP-GM poorly graded, frequent pebbles
G and cobbles, brown
4 4 —
Vx
6 6 —
6.5 L
8 . 8 —
sp SAND: fine grained, poorly Vx
graded, brown Vs a3
10 MC | 10 ]
12 12.0 12 —
TOTAL DEPTH 12.0'
Note: Hole caving in at 12.0',
14 — discontinued drilling 14 4

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

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

Sample Location: 275/DH-1 275/DH-2 275/DH-2
Sample Depth (Feet): 1.0-3.0 17.0 - 19.0 6.0-7.0
Moisture Content (%): - 5.2 6.7

lce Content (%): - - -

Organic Content (%): - - -

GRAIN SIZE DISTRIBUTION:

Saond _ Sizes Sitt Sizes

Gravel Sizes coorujMedIumLFlnc ggg[sgl Medium LFine Gloy Sizes
Seive Sizes
3 2 e ¥, . %40 % 0% 00 %
100 I |\_ 7 l II\% 20 ! 4{) %f \93 200 i! 'w
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10 \ \ ‘2( "73 A\ \‘ |

60 NN R
':so AVEN )W TI
,§4o \\ i N
w DH+$2(17'119") | \ [N IR
T30 AN AN S HE N

b l N_ e { | \\

- ~ T N
%20 ~]

2 e
1o E ! LT ‘ HEADE NN
o i 1 T HIEEI A
100 0 10 (J] 0-0i 0-00! 0:000!
Grain Size — Millimetres
ACOARSE ¢ FINE AGGREGATE
—————————— Particle size limits of frost susceptible materigls
PETROGRAPHIC ANALYSIS: (275/DH-2@ 17.0' - 19.0")

Limestone and dolomite 47 .7% Deteterious

Quartizite (Sound) 19.4% Shale and Silty shale 11.8%
Igneous 13.9% Ironstone 2.2%
Chert 4.8%
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 275/DH-2 275/DH-4
Sample Depth (Feet): 27.0 9.0-10.0
Moisture Content (%): 7.7 4.4

lce Content (%): - -

Organic Content (%): - -

GRAIN SIZE DISTRIBUTION:

Gravel Sizes Sgnd Sizes sut Sizes Glay Sizes
Coorse |Medium [Fine gggn;l Medium | Fine
Seive Sizes
T § % %0 "0 Mo¥o0™00 ™00
100 N\ A S
L‘ LY
-
90 )
A J
N AY
N\ \ D
80
\\ N \
N
70 \ N 'y
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560 X AN .y
£ N N
50 OH
. N\ \ ™
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40 N 1
- N A
N N
gso \\ S \\
' ~ ~|
Qa0 \ ~ o
~ o
IO o S - N\‘
1 —
100 10 10 ol o0l 0-001) 0:000
Grain Size — Millimatres
ACORRSE FINE AGGREGATE
Particle size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS:
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SITE NO. 276

Located approximately 15 to 16 miles east of Norman Wells and adjacent to the proposed
Mackenzie Highway from Mile 617 to Mile 618, Site 276 consists of a group of four fluvial
fans which have been developed adjacent to the channels of Helava Creek and Christina

Creek.

Type of Material: Sand and Gravel; little to some silt, fine grained, variable gradation.

Estimated Volume: 200,000 cubic yards.

Assessment: Fair to good quality granular materials can be recovered from the
fans designated as "a", "b" and "c"; Site 276 is recommended for

possible future development.

LEGEND
=== = = Al| weather road sreseeeeeeeo- Required access
————— Existing trails and cutlines  +=——+—-Site limit
sesseeeeanes Proposed Gas Pipeline ¢ == == — === Proposed Mackenzie Highway
© DH Drill Hole 4 TP  Test Pit
Airphoto No. A22934/145 Approximate scale: 1" = 3, 000"
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@ PEMCAN SERVICES

ENVIRONMENT

Site 276 is located approximately 15 to 16 miles east of Norman Wells and immediately
adjacent to the proposed Mackenzie Highway right-of-way between Mile 617 and Mile
618. The site consists of a group of four fluvial fans which have been developed imm-
ediately adjacent to or within the current stream channels of Helava Creek and Christina
Creek. The four distinct fluvial fans are designated as "a", "b", "c" and "d" on the
preceding site airphoto, page 276-1, and are briefly described as follows:

Fans "a” and "b” :  These two fans located immediately adjacent to the east and west
banks of Helava Creek and Christina Creek, respectively, rep-
resent the oldest fan formations and contain coarser deposits of
sands and gravels. The fans are well drained into the existing
stream channels of their respective creek channels.

Fan "c¢" ¢ This fan formation encompasses the current stream channel of
Christina Creek and is a relatively recent deposit in terms of
geological time. This deposit consists primarily of fine sands
and silts although pockets of medium grained, silty gravels were
noted at the apex of the fan, adjacent to the current active
stream channel of Christina Creek.

Fan "d" : This fan is the youngest of the four fan deposits and consists prim-
arily of silts. This deposit which is poorly drained, experiences
seasonal flooding and is in an active stage of growth.

The fluvial fan deposits vary in size from 900 to 2000 feet in length and 500 to 1500 feet
in width. The organic silt and topsoil layer is generally less than 13 feet in thickness
and supports light to moderate growths of spruce, birch and tamarack and sparse under-
story growth.

There are no known critical wildlife areas in the immediate vicinity of Site 276.
The proposed Mackenzie Highway right-of-way traverses immediately adjacent to the
southern perimeter of fans "a" and "b" and through the apex of fan "d". The CNT pole

line and the proposed gas pipeline routes are located less than % mile northeast of the
northern extremities of the fan complex.

DEVELOPMENT

The information from the drill holes carried out on Site 276 by the engineering consultant
for The Federal Department of Public Works has been assessed and incorporated into this
report. The following conditions are relative to the quality and quantity of available
granular materials from this group of fluvial fans:

- The fans "a" and "b" and the apex of fan "c" contain fair to good quality granular
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@ PEMCAN SERVICES

materials suitable for use in the construction of road grades, building pads, berms
for pipelines and miscellaneous backfill. These granular materials consist of fine

grained, well to poorly graded sand and gravel with a relatively high silt content.

The depth of sand and gravel suitable for construction requirements varies from less
than 5 feet to 10 feet in depth and is generally underlain by glacial till.

The overburden material consisting of topsoil, silt and clay, varies from 1 to 4 feet.
The volume of recoverable granular materials is difficult to assess; however, it is

considered that volumes of sands and gravels in the order of 100,000 to 200,000
cubic yards can be recovered from Site 276.

Therefore, Site 276 is recommended as a possible source of granular materials and the
development of borrow pits should be directed to fans "a", "b" and "c". The following
guidelines should be considered in the development of borrow pit areas:

In view of the stratified and scattered nature of the in situ sands and gravels, vert-
ical excavation of borrow pit areas should be considered for recovery of better sorted
pit run aggregates. In addition, if careful and selective excavating procedures are
utilized in the development of borrow pits, then the pockets or layers of better qual-
ity gravels could be exploited for the production of base and surface course aggreg-
ates.

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

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

Relative to granular deposits immediately adjacent to the east and west sides of

Heleva Creek and Christina Creek, the development procedures should be commenced
at the source area farthest removed from the water course. A buffer zone of adequate
width should be maintained between the stream and the final limits of the borrow pit.

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain to the active stream channels of Helava and
Christina Creeks.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

Recontouring of the pit area to provide general drainage compatible with the natural
drainage of the adjacent terrain.
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@ PEMCAN SERVICES

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

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

SITE NO. 276 HOLE NO. S 892
DATE: \MAR. 11, 1973 [LOGGED BY: [J PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [®] -, nyeRTional (] ElRcOiat On [ OTHER:
GE%%NDD\T 10 'NCSE SAMPLE EP
DEPTH DEPTH
(e | ORAPH | (T MATERIAL DESCRIPTION ~vee | reen)
ES
0 2 0 -
GC GRAVEL: Vx | L
- silty, sandy
2 - clayey, low plastic 2 4
- brown, calcareous
- rootlets
dpeon T - coarse sand, less fines 4 7
6 65 —
8 8.0 8 —
CL CLAY (TILL): gravelly, UF
- silty, sandy
10 - low plastic 10 —
- light brown
- rust spofs
24 @ b---- 12 -
- grey
- higher plastic
14 14
15.0
END OF HOLE 15.0"
16 4 16 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS

INVENTORY

| PEMCAN SERVICES “72"
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SITE NO. 276

DETAILED DRILL HOLE LOG

HOLE NO. 947

DATE: MAR. 13, 1973

LOGGED BY: O PEMCAN

X R.M. HARDY & ASSOCIATES

SAMPLE
TYPE

DEPTH
(feor)

DRILLING METHOD' [®) - onveRTionar O Slkchiarion [ OTHER:
CCONDITIONS.
DEPTH
trawn srann | MATERIAL DESCRIPTION P P
5 1 symesou CLASS | CLASS | CONT.
Pt o PEAT: Vx | H
2 SC SAND (TILL): coarse grained, Nbn
silty clayey, brown, medium
plastic, traces of shale and
4 rootlets, calcareous
_____ - less silt and clay
- finer sand X 1Vs | M
6 6.0 -
CLAY: traces of sand, high v M
plastic, brown, occasional s
8 | ______ pebbles
- grey, no sand Vs | M
10
12
14
Vs | L
6oy [ - slight trace of silt
Vs | M
18
20 200~ END OF HOLE 20.0' v

0 —

10

12

14

16 —

18

20 4

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MA

TERIALS INVENTORY

I PEMCAN SERVICES “72"
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SITE NO. 276

DETAILED DRILL HOLE LOG

HOLE NO. 948

DATE: pMAR. 13, 1973

LOGGED BY: [] PEMCAN

X] R.M. HARDY & ASSOCIATES

DRILLING METHOD: []

AIR REVERSE

DEPTH
(feer)

0

DEPTH
(feer)

AIR .
convenTionaL O CiRcULATION [ OTHER:
GROUND __ICE
UNIFIED CONDITIONS SAMPLE
GRAPH GROUP MATERIAL DESCRIPTION TYPE
SYMBOL GENL | N.RC. | EST'D
SYMBOL CLASS | CLASS | CONT.
Pt 0.5 PEAT: vx | H
Cl CLAY (TILL): Nbn
silty, medium plastic, brown,
occasional pebbles
4.0
SAND:
fine gravelly, silty, trace of
clay, poorly graded, shale and
siltstone inclusions, brown
_____ - sandy - gravelly
_____ - gravelly - sandy
12.0

CLAY (TILL):

and shale inclusions

- grey

— ——— —

- less sandy

very silty, quite sandy, low to
medium plastic, brown siltstone

20.0~" END OF HOLE 20.0'

10

12

16 -

18

20 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 276 HOLE NO. 949
DATE: pMAR. 13, 1973 |LOGGED BY: [} PEMCAN X
ORILLING METHOD: ®) conveNTional I ElRcOLATION [ OTHER:
o S ONDITIONS |sampie
PTH LE]| DEPTY
reen) | GRAPH [ UDITED MATERIAL DESCRIPTION ' 1 Tvre | (oer)
svmsoL | A Conss | Ciass cont
0 —
CLAY: silty, sandy, Nbn
low plastic, brown, rootlets, 2
shale inclusions 7
3.5
GRAVEL (Fine): NF 4 -
sandy, well graded, clean
'''' . . . 6 -
- shalestone inclusions, sandier
8 —
10 A
12.0 12
- silty, sand
pY 14
————— - siltier 16 7
Vx | M
18.0 18 —
CLAY (TILL): gravelly, grey,
medium plastic Nf
—\
20 200~ END OF HOLE 20.0" 20 -

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

' PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. 276 HOLE NO. 950
DATE: MAR. 13, 1973 |LOGGED BY: ] PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [] CONVE?\IITRIONAL O é‘.’é‘cﬁfX?‘féE () OTHER:
DEPTH ng%NDDITIO;ICSE SAMPLE
L P
T Bl B MATERIAL DESCRIPTION pwn e e K R4
SYMBOL CLASS | CLASS | CONT.
0 0 -
ML SILT: clayey, sandy, low Nbn
plastic, brown, root inclusions
2 2
3.0
GRAVEL (TILL): Nf 4 -
fine, shalestone inclusions,
calcareous
""" - clean, sandier 6 —
""" - siltstone and hard shale 8
'''' - coarse sand, fine gravel, e 10
shalestone inclusions
12.0 12
CLAY (TILL): Vx | M
silty, sandy, medium plastic, 14
grey, pebbles, coal specks B
15.0
GRAVEL: silty, trace of clay, 16
siltstones inclusions N
17.0
CLAY (TILL): 18
silty, sandy, medium plastic, Vx| M
grey
20.0-/ END OF HOLE 20.0' Y 20

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS

INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. 277

LOCATION

Located between Francis and Helava Creeks, approximately 13 miles east of Norman Wells,
Site 277 consists of a shallow esker ridge. The esker material likely consists of silty sand
with some gravel.

The proposed Mackenzie Highway right-of-way at Mile 618.5 is located approximately 23
miles southwest of Site 277. The proposed gas pipeline route parallels the esker ridge to
the southwest at a distance of 12 miles.

'

¥

ND

5%

LEGE

———— All weather roed ... Required access

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

==esamnecass Proposed Gas Pipeline = = Proposed Mackenzie Highway
Airphoto No.  A22934/96 Approximate scale: 1" = 3,000
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GENERAL

Site 277 consists of a narrow and sinuous esker ridge which is approximately 3/4 of a mile
long and varies in height from several feet to a maximum height of about 20 feet. It is
expected that material in the esker ridge is composed mainly of silty sands with traces of

gravel thus providing low quality general fill material. A relatively shallow layer of org-
anic topsoil covers the esker ridge.

The esker ridge is well drained and supports mixed growths of birch and spruce. The adjac-
ent terrain is poorly drained and is covered with muskeg characterized by growths of tamar-
ack and stunted black spruce. There are no known critical wildlife areas in the immediate
vicinity of Site 277.

Site 277 is rated as a poor prospect because of possibly fine grained and silty materials in
the esker ridge. Moreover, the extraction of relatively small volumes of material would
entail clearing of large tracks of land.

The site area is readily accessible along the existing seismic cutline and trails located im-
mediately north of the site.

o AU T
R 57///)/ : 25;}

NS L &)
A S
’I* - 1" \\\‘

—mmeme All weather road ~ ceeeeeeeeens Required access

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

eesessneasss Proposed Gas Pipeline = w= = Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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SITE NO. 278

Located approximately 15 to 16 miles east of Norman Wells and 2% miles northwest of the
proposed Mackenzie Highway at Mile 618, Site 278 consists of a series of partially effaced
kame hillocks and terraces.

Type of Material: Sand and Gravel; little to some silt, variable gradation

Estimated Volume: 2,000,000 cubic yards.

Assessment: Good quality granular materials suitable for quality embankment fill
and production of base and surface course aggregates; Site 278 is
recommended for development.

LEGEND

o = = = Al| weather road sseeeeneeees Required access
————— Existing trails and cutlines  -=——:——-Sijte limit
seescsssnacs Proposed Gas Pipeline *== == == Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/95 Approximate scale: 1" = 3, 000
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ENVIRONMENT

Site 278 is located 15 to 16 miles east of Norman Wells and 2 miles northeast of the prop-
osed Mackenzie Highway right-of-way at Mile 618. The site is situated on a terrace or
bench which is orientated parallel to the rugged McConnell Range to the northeast; to the
southwest, the site is slightly elevated above the adjacent glaciolacustrine plain. Site 278
is an easterly extension of Site 281 and consists of a series of kame hillocks and partial ly
effaced kame terraces which encompass an area extending from the northwest bank of Fran-
cis Creek to the southwest bank of Helava Creek. The site area which is approximately

2 miles in length and a & mile in width, exhibits good surficial drainage to the southwest.

The material in the kame hillocks and terraces is highly variable but, generally, consists
of stratified and pocketed deposits of sand and gravel of varying gradation and relatively
high silt content. The presence of deleterious shale fragments in these gravel deposits is
quite significant. Grey shale bedrock underlies these gravel deposits at depth. An organic
topsoil layer, generally less than 1 foot in depth overlies the entire site area, and supports
moderately dense growths of spruce, birch and poplar. The understory growth is relatively
sparse. The terrain immediately adjacent to the southwest exhibits partial thermokarst
features characterized by a series of small shallow ponds and muskeg bogs which paraliel

e All weather road 000 e Required access

————=— Existing trails and cutlines =——.——. Site limit

sessessssees Proposed Gas Pipeline wem me === Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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the southwest perimeter of Site 278 at the base of the ridge.
There are no known critical wildlife areas in the immediate vicinity of Site 281.

The only existing access to the site area from the CNT pole line and the proposed Macken-
zie Highway right-of-way consists of a seismic cutline and the access trails which were
cleared to and across the site area during the winter drilling program. In part, any future
access to Site 278 will traverse terrain conditions which are sensitive to thermal erosion

if the vegetation cover is excessively disturbed.

DEVELOPMENT

The exploratory drilling which was. conducted during the winter field program showed the
following conditions relative to the quality and quantity of available granular materials

in Site 278.

- Good quality granular materials consisting of stratified and pocketed deposits of fine
to medium grained gravels and coarse sands of highly variable gradation and varying
silt content. These sands and gravels are suitable for use as good quality embank-
ment fill material, production of base course aggregates. The relatively high con-
tent of deleterious shale fragments, generally, negates the use of these gravels and
sands for the production of concrete aggregates.

- The depth of the in situ gravel deposits varies from 9 to 17 feet; therefore, an aver-
age depth of 15 feet has been utilized in evaluating the volume of available granu-
lar materials.

- Soft shale bedrock was encountered in drill hole DH-4 at a depth of 11 feet below
existing ground surface.

- The overburden material consisting of topsoil and organic silts is generally less than
1 foot in depth.

- An estimated volume in excess of 2,000,000 cubic yards of sands and gravels are
considered recoverable from Site 278.

Site 278 is recommended for the development and exploitation of granular materials and
the following operational guidelines should be considered in the development of borrow
pit areas:

- In view of the relatively variable quality and scattered nature of the available gran-
ular materials, Site 278 should be considered essentially for pit run aggregates to be
utilized in building pads, roads and airstrip subbase construction. However, if care-
ful and selective excavating procedures are utilized during the development of borrow
pits, then the pockets or layers of better quality gravels may be exploited for use in
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production of base and surface course aggregates.

The various kame hillocks and terraces 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 and related vegetation should be cleared and removed in
accordance with current land use regulations.

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

Relative to granular deposits immediately adjacent to the northeast side of Francis
Creek or to the southwest side of Helava Creek, the development procedures should
be commenced at the source area farthest removed from the water courses. A buffer
zone of adequate width should be maintained between the stream channels and the
final limits of the borrow pit areas.

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain into the active Helava Creek or Francis Creek
stream channels.

The construction of access roads of adequate standards to sufficiently traverse the
thermally sensitive terrain conditions to the southwest of the site area will have to
be undertaken if extensive quantities of granular materials are to be exploited.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

Recontouring of the borrow pit areas to provide general drainage compatible with
the natural drainage of the adjacent terrain.

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

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

SITE NO. 278

HOLE NO. DH-1

DATE: pEC. 15, 1972 |[LOGGED BY: [¥] PEMCAN

PRILLING METHOD: [0 convenTionar O ERcOiAYion [ OTHER:
DEPTH UNIFIED G%%RIND?TIONS SAMPLE | DEPTH
{feer) | GRAPH GROUP MATERIAL DESCRIPTION TYPE | (feet)
SYmeoL SYMBOL Chl‘.:SCS
0 0 —
oL TOPSOIL: some silt, organic, Vx
occasional pebbles, dark brown
1 1.0 1 4
GRAVEL AND SAND: trace silt,
2 GwW coarse grained, well graded, flat 2
shale fragments, brown
GS
3 3.0 3
4 SAND: some gravel, medium to NF 4
SW coarse grained, well graded, brown GS
5 5 -
6 6 —
7 70 7
TOTAL DEPTH 7.0
g _ Note: Hole caving in at 7.0', g |

discontinued drilling

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. 278 HOLE NO. DH-2
DATE: DEC. 15, 1972 LOGGED BY: X] PEMCAN O
PRILLING METHOD: [ onvenTionar O SlRciiniion [ OTHER:
CEONDITIONS. sampie
AMPL DEPTH
Trean | crarw [ UuniE0 MATERIAL DESCRIPTION o e e R ke
SYMBOL | symsoL CLASS | CLASS | CONT.
S0 oL TOPSOIL: some silt, organic, v M
o5 roots, dark brown r
2 - ' 2 —
GS
4 - GRAVEL: some silt, little sand, 4 -
occasional shale and limestone
fragments, pebbles to maximum
6 GM 13" size, calcareous coating on 6 —
pebbles vx | L
8 — 8
10 - higher sand content from 10.0" 109
12 £RT6 12 -
14 14.0 14 -
SAND: little gravel, trace silt,
SwW fine to coarse grained, well Vx | VL GS
16 graded, few pebbles to 3" size MC | 16 -
170
TOTAL DEPTH 17.0'
18 1 Note: hole caved in at 17.0', 18 4
discontinued drilling
~ 4

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

PEMCAN SERVICES 72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. 278 HOLE NO. DH-3
DATE: pEC, 15, 1972 [LOGGED BY: [3] PEMCAN 0O

: AIR AIR_REVERSE
DRILLING METHOD: ®] conventionar O EREEXERSE O ortner:

GROUND ICE

Trowy | oraen | uniste MATERIAL DESCRIPTION o D e L O
SYMBOL SYMBOL GEN'L N.RC. | EST'D
CLASS | CLASS | CONT.
O Rz ¥, 0 ]
#ERR OL 07 TOPSOIL: some silt, organic,
' brov:/;n
2 - 2 -
SILT: trace sand and gravel,
4 rounded pebbles to 1" size, 4
brown
6 o """ - some clay, occasional pebbles Vx | L 6
to 3" size from 6.0
ML
8 — 8 —
10 10 A
1o
TOTAL DEPTH 11.0'
12 12 4

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY @"E"’“’AN SERVICES “72”
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SITE NO. 278

DETAILED DRILL HOLE LOG

HOLE NO. DH-4

DATE: pEC. 15, 1972

LOGGED BY: X PEMCAN

O

DRILLING METHOD: X

R _REVERS

AlIR Al E -
convenTional [ circutATion [0 OTHER:

DEPTH
(feet)

DEPTH CONDITIONS
F SAMPLE
lheen) | GRAPH | T MATERIAL DESCRIPTION s
SYMBOL SYMBOL GEN'L N.RC. | EST'D
0 CLASS | CLASS | CONT.
oL TOPSOIL: some silt, organic, /
) 06 brown
4 GRAVEL: little sand and silt,
poorly graded, occasional pebbles,
/i cobbles, rounded, predominantly
4 GM-GP limestone and quartzite, few Vx | L [MC
6 shale fragments, brown
8 """ - some silt from 8.0"
10
1.0
19 20 BEDROCK: shale, weathered, soft
TOTAL DEPTH 12.0
14 —

0 o

10 —

12 —

14 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES 72"
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DETAILED DRILL HOLE LOG

SITE NO. 278

HOLE NO. DH-5

DATE: pEc, 15, 1972 [LOGGED BY: [¥] PEMCAN 0

DEPTH
{feet)

DRILLING METHOD: [X] oy ehifionar O SR OLATION [ OTHER:
GROUND ICE
DEPTH UNIFIED CONDITIONS SAMPLE
(Foer) | SRAPH | P MATERIAL DESCRIPTION TYPE
SYMBOL EST'D
SYMBOL CONT.
0
dOL log TOPSOIL: some silt, organic,
dark brown
2
4 —
SILT: some sand, occasional
rounded pebbles to 1", and shale
6 fragments, brown L
8 — ML-GM
10 —
1.0
TOTAL DEPTH 11.0'
12 -

10

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. 278

DETAILED DRILL HOLE LOG

HOLE NO. DH-6

DATE: pec. 15, 1972

LOGGED BY: ) PEMCAN 0

DRILLING METHOD: (g

AIR REVERSE

AR .
convenTionatl O Circutation [ OTHER:

DEPTH
{four)

0

10

12

14

GRAPH UNIFIED

MATERIAL DESCRIPTION

GROUND
CONDITIONS

1CE

SAMPLE
TYPE

DEPTH
(feet]

TOTAL DEPTH 12.0'

GROUP ‘ '
TMEOLL svmson Cinss | CLass | conn
s el : ,
B e 1.0 TOPSOIL: some silt, organic,
' \ brown /
GRAVEL: some silt, little sand,
GM predominantly quartzite and
limestone pebbles to 2" size, MC
occasional shale fragments, grey
Vx| L
9.0
ML SILT: little sand, occasional
pebbles, greyish brown
120

10

12

14

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"

278-10




DETAILED DRILL HOLE LOG

SITE NO. 278 HOLE NO. DH-7
DATE: pgc. 15, 1972 [LOGGED 8Y: X PEMCAN O
DRILLING METHOD: ] .\ veARonal O CRcOi AT on [0 OTHER:
. TR
PTH AMPLE| DEP
troa | SRARH | (OED MATERIAL DESCRIPTION oo | nc o] 77 | treers
SYMBOL CLASS | cLaSS | con.
0 4
oL TOPSOIL: some silt, organic, Vi | M
brown
05 2 4
GRAVEL AND SILT: trace sand, 4 -
occasional cobbles and shale
fragments, light grey
6 4
GM-ML Vx| L |MC 8 —
GS
10 —
1.0
TOTAL DEPTH 11.0"
12 12

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 278/DH-1 278 /DH-2 278/DH-7
Somple Depth (Feet): 4,0-5.0 3.0-4.0 7.0-9.0
Moisture Content (%): - - 10.8
lce Content (%): - - -
Organic Content (%): - - -

GRAIN SIZE DISTRIBUTION:

N Sand _ Sizaes Siit Sizes .
Gravel Sizes Cgoru_[ugdlum {Fine ggg“g[MemumLFine Clay Sizes
Seive Sizes
W oaide R ™ " . Y "
look 22 ! 4 m\ 20 "a0%o0 lg‘c:‘zoo
1 N [
90 i 'y
(N N
8o \ NN N
AN DH-1\ k ! 1
To AN N N, 17
£%° N \\ “\ NI
= N N\DH-7 [\ N
. NN ) \ 4N NG|
.§4° \ N N
“ N— . } ™
- DH-2 N\_ ~
$30 N 1 L -
. N ~
290 \ N i . $
i ~ .
10 T T TTIT Nao
o ] | R L ik
100 10 10 01 0-01 0-00!1 0-000!
Grain Size — Millimetres
ACDARSE. FINE AGGREGATE
—— e 2 et e oo Particle size limits of frost susceptible moterials
PETROGRAPHIC ANALYSIS: (278/DH-2 @ 3.0' - 4.0")
Limestone and dolomite 44 5% Chert 1.6%
Quartzite  (Sound) 3.8% Deteterious
lgneous 1.8% Shale 41.9%
' Sandstone and
breccia 2.6%
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@ PEMCAN SERVICES

SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample Sample Depth Moisture Content
Location (Ft.) (%)
278/DH-4 5.0 5.2
278/DH-6 5.0 10.9
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SITE NO. 279

Located approximately 14 miles east of Norman Wells on the proposed Mackenzie Highway
in the vicinity of Mile 619, Site 279 consists of an alluvial fan deposit which has been in-

cised by Francis Creek.

Type of Material: Sand and Gravel; variable gradation and silt contfent.

Estimated Volume: 1,000,000 cubic yards.

Assessment: Fair to good quality granular materials which can be used as quality

embankment fill in the construction of road bases, pipeline berms
and utility backfill; Site 279 is recommended for development.

LEGEND

o= == = = = Al| weather road SRIATERERREE Required access
————— Existing trails and cutlines  -=——:~——:Sijte limit
sesescsesnns Proposed Gas Pipeline * == == = == « Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/144 Approximate scale: 1" = 3,000’

279-1




@ PEMCAN SERVICES

ENVIRONMENT

Site 279 is located approximately 14 miles east of Norman Wells on the proposed Mackenzie
Highway right-of-way in the immediate vicinity of Mile 619. The site consists of an alluv-
ial fan deposit which has been incised by the current stream channel of Francis Creek and
encompasses an area 3000 feet in length by 1500 feet in width. The site area and immed-
iately adjacent terrain exhibits good surficial drainage to the southwest into the watershed
of Francis Creek. The north bank of the Mackenzie River is located approximately 1 mile
downstream of the site area on Francis Creek.

The material in the alluvial fan deposit consists of fine to medium grained sands and medium
g-ained, well graded gravels with variable silt contents. These sands and gravels are suit-
able for good quality embankment fill material in the construction of road grades. The sur-
ficial layer of topsoil and organic silt is generally less than 2 feet in depth and supports
light to moderate growths of spruce and birch.

There are no known critical wildlife areas in the immediate vicinity of Site 279.
The proposed Mackenzie Highway right-of-way traverses the entire length of Site 279. The

CNT pole line and the proposed gas pipeline routes are located less than % mile northeast
of the site area. Therefore, the existing and future access to Site 279 is good.

DEVELOPMENT

The information from drill holes conducted on Site 279 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
have been established:

- Fair to good quality granular materials which can be utilized for embankment fill in
the construction of road grades, building pads and pipeline berms can be recovered
from Site 279. These granular materials consist of fine to medium grained sands and
medium grained, well to poorly graded gravels with a highly variable silt content.

- Sands and gravels were encountered to the depths of drill holes conducted which
ranged from 10 to 20 feet below existing ground surface. An average depth of 12

feet was utilized for estimating the volume of available granular materials.

- The overburden material consisting primarily of topsoil and organic silt is less than

2 feet in depth.

- An estimated volume in excess of 1,000,000 cubic yards of sand and gravel is con-
sidered recoverable from Site 279.

Site 279 is recommended for the development and exploitation of granular materials and the
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following guidelines should be considered in the development of borrow pit areas:

In view of the stratified nature of the in situ sands and gravels, vertical excavation
of borrow pit areas should be considered for recovery of better sorted pit run aggreg-
ates. In addition, if careful and selective excavating procedures are utilized in
the development of borrow pits, then the pockets or layers of better quality gravels
could be exploited for the production of base and surface course aggregates.

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

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

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

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain to the active Francis Creek stream channel.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

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

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

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

SITE NO. 279 HOLE NO. C 920
DATE: MAR. 12, 1973 [LOGGED BY: [] PEMCAN ® R.M. HARDY & ASSOCIATES
DRILLING ME,THOD: X CONVE?»J"FIONAL O én'f?CSEmSEJ (] oTHER:
DEPTH UNIFIED GE%%%?HO:J%E SAMPLE | DEPTH
(feer) SGY:AASPOHL GROUP MATERIAL DESCRIPTION oent | nrc, | estp | TTPE | theen)
SYMBOL CLASS | cLass | conr.
0 e 0 -
. oL ORGANIC SILT: clayey, low
plastic, brown, pebbles Vx | L 14
2 2.0 2
SAND: fine grained, silty,
3 SM pebbles, organics, brown Nen 3
4 4
5 ] P 5 ]
6 - 6 —
7 7
8 8.0 8
GRAVEL: sandy, silty, brown,
GM calcareous
? < 9 4
END OF HOLE 10.0'
10 10.0~< (Sluffing) 10

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. 279 HOLE NO. € 921
DATE: MAR. 12, 1973 [LOGGED BY: [J PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: [g] CONVEﬁlIFIONAL O é.'s?cSEX?’?SE [0 OTHER:
DEPTH GE%LP’JNDDITIOLEE A [3
E SAMP
e | SAen | MATERIAL DESCRIPTION T[] e | treens
SYMBOL CLASS cTA'scs' gzsm?
0 -
SW SAND: gravelly (fine), silty, Nbn
rootlets, brown, calcareous, 1
. . .
shalestone inclusions
2.0 , 2
GRAVEL: sandy, trace of silt,
GP brown 3
4
5.0 5 .
END OF HOLE 5.0
6 6 —
— —
— —
- -

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @

PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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SITE NO. 279

DETAILED DRILL HOLE LOG

HOLE NO. C 922

DATE: MAR. 12, 1973

LOGGED BY: ] PEMCAN

X R.M. HARDY & ASSOCIATES

DEPTH
(feet)

0

DEPTM
{feer)

101

14

DRILLING METHOD: ®) conventionar I EiRcOLATION ] OTHER:
GROUND __ICE
UNIFIED CONDITIONS SAMPLE
GRAPH GROUP MATERIAL DESCRIPT'ON TYPE
SYMBOL SYMBOL GEN'L | NRC. | EST'D
CLASS | CLASS | CONT
SAND: 10% + #4
SW well graded, clean, angular Vx | M
and rounded
F-——= . .
organic clay, silty
: 1.0
1 4 GM GRAVEL: fine, siltstone,
35 7] 12 5 sandy
Cl CLAY: silty, sandy, medium
plastic, brown, calcareous
15.0
GM GRAVEL: sandy

18

TILL, silty, angular

20.0— END OF HOLE 20.0"

UF

10 —
]21
14
16 —
18 —

20 -

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "“"72"
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SITE NO. 279

DETAILED DRILL HOLE LOG

HOLE NO. C923

DATE: MAR. 12, 1973

LOGGED BY: [J PEMCAN

X1 R.M. HARDY & ASSOCIATES

DRILLING METHOD: ®) conventionar O EiRcOtATion O OTHER:
DEPTH GE%?’INDDlTIOL%E SAMPLE
MPL 4
lrean | camn [ MATERIAL DESCRIPTION  Toxe Lo 7778 | thoen)
SYMSOL CLASS | cLASS | con.
0 -+ 0
GW GRAVEL: well graded, slightly ~
2 1 silty, angular and rounded 2 -
4 Vx | M 4
- siltier
6 6.0 65 —
SM SAND: silty, gravelly, organics,
siltstones, low to medium
8 plastic 8 -
10 10.0 10
SM SAND: angular, silty
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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OETAILED DRILL HOLE LOG

SITE NO. 279 HOLE NO. C 924

DATE: MAR. 12, 1973 |[LOGGED BY: [ PEMCAN X R. M. HARDY & ASSOCIATES

: AR ATR_REVER
DRILLING METHOD: ) conveRTionar [ AlBcOEkEion [ oTHER:

DEPTH UNIFIED GRC%%NDDITIOLS')E SAMPLE | DEPTH
hoer) | SEAPH | rour MATERIAL DESCRIPTION TYPE | {feer)
soL | Slove GENL | NrC. | EsTD
CLASS | CLASS | CONT.
0 0 —
CLAY: silty, yellow brown,
) CL low to medium plastic } Nbn
2
2.5
GP GRAVEL: angular and sub- Ve | L 4 -
rounded, poorly graded, 60%
flat siltstone, black
6 — 6 —
8 8.0 8
GRAVEL: angular, sandy,
GC slightly plastic, occasional
10 interbedding of silt with trace 10 +
of clay, mottled brown-black
12 —"_1_‘ 12 -
14 14
: 15.0
END OF HOLE 15.0'
16 16 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @

PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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SITE NO. 280

Located approximately 14 miles east of Norman Wells and 1% miles northeast of the prop-
osed Mackenzie Highway at Mile 619, Site 280 consists of an alluvial fan deposit incised
by the Francis Creek stream channel.

Type of Material: Sand and Gravel; little silt, well graded, medium grained.

Estimated Volume: 1,500,000 cubic yards.

Assessment: Good quality granular materials which are suitable for quality
embankment fill and production of base course aggregates; Site
280 is recommended for development.

== == = Al| weather road SCIILEEETERE Required access
————— Existing trails and cutlines  -=——+——-Site limit
ssesesanasee Proposed Gas Pipeline » == wm == == = Proposed Mackenzie Highway
© DH  Drill Hole 4 TP Test Pit
Airphoto No.  A22934/96 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site 280 is located 14 miles east of Norman Wells and 13 miles northeast of the proposed
Mackenzie Highway right-of-way at Mile 619. The site consists of an alluvial fan deposit
which has been incised by the current stream channel of Francis Creek. The total fan area
is approximately 5000 feet in length and 4500 feet in width, however, the apex of the fan
which is currently in an active stage growth contains the coarser granular materials and is
designated as zone "A" on the preceding site airphoto, Page 280-1. Zone "B" consists of
the inactive peripheral downslope portion of the alluvial fan and is composed of fine grain-
ed soils. The site area and the immediately adjacent terrain exhibits good surficial drainage
to the southwest into the active stream channel of Francis Creek.

The material in the active apex of the alluvial fan, designated as zone "A", consists of
stratified, medium grained sand and gravel with a little silt which is suitable for good
quality embankment fill material. The material in zone "B”" consists of fine grained silts
with a few small pockets of sand and gravel which is not considered suitable as granular
fill material. The surficial layer of organic topsoil and peat in the apex of the fan which
is generally less than 1 foot in depth, supports light to moderate growths of spruce, birch
and poplar.

o T
A ) T
AT T

PRI
AT
IS

SN

N

g

&
NN

ol N
N
N

S

= All weather road Required access

——— —— Existing trails and cutlines ‘——.——- Site limit
eessseneeses Proposed Gas Pipeline === Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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There are no known critical wildlife areas in the immediate vicinity of Site 280. Although
potential spawning gravels exist in Francis Creek, the utilization of these gravels by fishery
resources is likely minimized by the fact that the Creek normally dries up by mid-summer.

The only existing access to Site 280, on either side of the Francis Creek stream channel,

from the CNT pole line or proposed Mackenzie Highway right-of-way consists of seismic
cutlines and the access trails which were cleared during the winter drilling program.

DEVELOPMENT

The exploratory test holes which were drilled on Site 280 during the winter field program
showed the following conditions relative to the quality and quantity of available granular
materials:

- Good quality granular materials were encountered only in the active apex of the
alluvial fan which is designated as zone "A". These granular materials consist of
stratified, medium grained, well graded sands and gravels with a little silt content.
These sands and gravels are suitable for use as good quality embankment fill mater-
ial, pit run aggregates and in the production of fair quality base course aggregates.

- The depth of the in situ gravel and sand strata may vary from a few feet to in excess
of 20 feet. An average depth of 10 feet was utilized for estimating the volume of
available granular materials.

- Soft shale bedrock was encountered only in drill hole DH-9, at a depth of 6 feet
below existing ground surface.

- Ground water was encountered in drill hole DH-4 at a depth of 24 feet below the
existing ground surface. This drill hole is located immediately adjacent to the
southwest shoreline of Francis Creek.

- An estimated volume of 1,500,000 cubic yards of sand and gravel are considered
available from zone "A" of Site 280. An area, approximately 3000 feet in length
and 1500 feet in width, for zone "A" was utilized in estimating the quantity of
available granular materials.

Site 280 is recommended for the development and exploitation of granular materials and
the following guidelines should be considered in the development of borrow pit areas:

- Granular materials suitable for construction requirements are available only from
zone "A" of the alluvial fan deposit in Site 280. Zone "B" does not contain
materials suitable for granular material requirements.

- In view of the stratified nature of the in situ sands and gravels, vertical excavation
of borrow pit areas should be considered for recovery of better sorted pit run aggreg-
ates. In addition, if careful ond selective excavating procedures are utilized in the
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development of borrow pits, then the pockets or layers of better quality gravels could
be exploited for the production of base and surface course aggregates.

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

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

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

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain to the active Francis Creek stream channel.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

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

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

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

SITE NO. 280 HOLE NO. pH-j
DATE: DEC. 15, 1972 [LOGGED BY: [x] PEMCAN O
DRILLING METHOD: [®] - owveRTionar O SRctAtion [ OTHER:
CCONDITIONS [sampie
DEPT MPLE} DEPTH
TR Bl B MATERIAL DESCRIPTION S O oy R RO
SYMBOL CLASS | CLASS | conr.
0 0 -
Pt —
1.0 _\ PEAT: organic, fibrous, muskeg /_
2 - 2
ML-CL SILT: some clay, light brown vs | L
4.0 Y 4 A
MC}B
GS
GRAVEL AND SAND: trace
silt, medium to coarse grained, 6
well graded, frequent pebbles
of limestone and quartzite with N
angular shale fragments, maximum 8 —
size 1", brown
10.0 10 +
SILT: trace sand, frequent shale
12 MH fragments, 1occ¢:-15|onol limestone Vx | M 1 12 -
pebbles to 3" size, grey Vs MCS
14 . 14
0 T TOTAL DEPTH 14.0°
16 16 -

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "“"72"

280-5




SITE NO. 280

DETAILED DRILL HOLE LOG

HOLE NO. DH-2

DATE: pec. 15, 1972

LOGGED BY: X PEMCAN 0O

DRILLING METHOD: [x]

REVER

AIR AlR 3 -
CONVENTIONAL UJ ClRcULATION [ OTHER:

DEPTH
(feet)

0

GROUND

1CE

DEPTH
{feet)

UNIFIED CONDITIONS  |sampLe
oaoy | oRowp MATERIAL DESCRIPTION JRS B e R
SYMBOL CLASS | cLASS | CONT.
oL TOPSOIL: some silt, organic,
roots, light brown
3 0.2
GRAVEL: little silt, trace sand,
angular to subangular fragments
GM of shale, rounded pebbles of
limestone and quartzite to 1" size,
greyish brown
SAND: little silt, medium to
SM coarse grained, few rounded

pebbles to 1" size, dry,

medium brown

TOTAL DEPTH 9.8

10 4

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 280 HOLE NO. DH-3
DATE: pEc, 14, 1972 |LOGGED BY: ] PEMCAN O
DRILLING METHOD: g convenTiona, O ERCOTATION O orher:
DEPT GE%L:JND?TIOLCSE SAMP
H MPLE | DEPTH
troan) [ Sramm | SR MATERIAL DESCRIPTION wov | e Leoro | 78 [ trour
sYmeoL CLASS | CLASS | CONT,
0 . 0 —
\Pt PEAT: organic, fibrous, muskeg N | M
9 05 2
GRAVEL: some sand, trace silt, GS
medium to coarse grained, well
graded, frequent shale fragments,
4 Gw pebbles to 1" size, occasional UE 4 <
cobbles and boulders, medium
""" brown
6 - water seepage at 5.0' & —
8 8 —
GS
10 10 —
12 > 12 S
b 13.0
TOTAL DEPTH 13.0'
14 — 14

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GOVERNMENT OF CANADA

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES 72"
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DETAILED DRILL HOLE LOG

SITE NO. 280 HOLE NO. DH-4
—_ DATE: pEc. 14, 1972 [LOGGED BY: [X) PEMCAN O
DRILLING METHOD'® conventional O ElRciation L] OTHER:
DEPTH Gz%?‘NDDITIOL%E S,
— AMPLE
i el v MATERIAL DESCRIPTION o T re Lo 717 | troers
SYMBOL ‘ASS
CLASS | CLASS | CONT.
; \ Pt PEAT: organic, fibrous, muskeg /
- GRAVEL, SAND AND SILT: fine ]
to coarse grained, well graded,
q GW-GM pebbles to 3/4" size, predomin- Vx| M
- 6 antly limestone and dolomite with 6
shale fragments, frequent cobbles MC\
_ 8.0 and boulders ng>
9 P 9 -
SAND: some silt, well graded,
- _ pebbles to 3/4" size, medium 2
12 SW-SM brown "l 2
15 - pockets of coarse gravel at 15.0° N | L 15
2
18 MC g -
- 19.0
—- 2] GRAVEL: some silt, little sand, 21 4
M pebbles to 1" size, medium brown UF
- 24 - - 24 -
250 GS
TOTAL DEPTH 25.0'
- 27 — 97 —
_ GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @ « .
_ GRANULAR MATERIALS INVENTORY PEMCAN SERvICES 72
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SITE NO. 280

DETAILED DRILL HOLE LOG

HOLE NO. DH-5

DATE:

DEC. 16, 1972

LOGGED BY: PEMCAN O

DRILLING METHOD: []

AR AIR_REVERSE -
convenTional [ Circutation [J OTHER:

DEPTH
{feet)

DEPTH nglm)?nor'ucse SAMPLE
MPL
troon | SRaPH | MATERIAL DESCRIPTION e
SYMBOL GEN’L | N.RC. | ESTD
o SYMBOL CLASS | CLASS | CONT.
oL TOPSOIL: some silt, organic, vx | M
roots, dark brown
) 0.6
GRAVEL: little silt, trace sand,
flat-flaky shale fragments, few
4 GM limestone and quartzite pebbles,
subangular and subrounded, to 13 "
size, medium brown
6 6.0 UF
8 SAND: some silt, medium grained,
few pebbles to 1" size, cobbles
SM and boulders from 10.0', high
silt content, fine to medium
10 grained, occasional pebbles to
I", greyish brown, dry
12
14 140
TOTAL DEPTH 14.0
16 —

10

12

]4—1

16 S

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 280 HOLE NO. DH-6

DATE: pec, 15, 1972 [LOGGED BY: ) PEMCAN O

: AR ATR_REVERS
DRILLING METHOD' ® conveNTionar O] ERCOEATION ] OTHER:

GROUND tCE
DEPTM UNIFIED CONDITIONS SAMPLE | DEPTH
(fowr) | GRAPH I oUP MATERIAL DESCRIPTION TYPE [ {feet)
SYMBOL SYMBOL GEN'L | NRC. | EST'D
0 CLASS | CLASS | CONT.
Lgdr: 08 . . 0 —
ot oL TOPSOIL: some silt, organic,
o s roots, brown
2 2
ML SILT: trace sand, brown
4 — 4 -
--------- 1 - some gravel, little sand,
6 occasional clay pockets, 6
ML-GM pebbles to 11" size, predomin- Vx | L
antly limestone, occasional
shale fragments, brown
8 - 8
---------- [~ - little sand, rounded limestone
- ML and quartzite pebbles to 11" -
10 nd q P 10
size, brown

12 120 12
TOTAL DEPTH 12.0'

14 — 14

—1

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

l PEMCAN SERVICES “72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. 280 HOLE NO. DH-7
DATE: pEc. 15, 1972 |LOGGED BY: [ PEMCAN O

: AR AIR_REVERSE :
DRILLING METHOD' &) conveNtionar O ERcOLATION ] OTHER:

O ONDITIONS
DEPTH UNIFIED | SAMPLE| DEPTM
(Faor) | SRAPH | o our MATERIAL DESCRIPTION TYPE | {feer)
SYMBOL GEN'L | N.RC. | EST'D
SYMBOL CLASS ] CLASS | CONT.
0 —prr 04
3 Pt PEAT: organic, roots, fibrous,
ke s black Vi | M
2 ' 2

SILT: trace sand, few pebbles

to 3" size, brown

4 - 4 _
6 - [~ - more pebbles and frequent 6 -
ML angular shale fragments from Vx L

6.0
8 - 8 —
10 A [F=-=------- - some clay, dark grey 10 4
MH
1.0
TOTAL DEPTH 11.0
12 — 12

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT @

PEMCAN SERVICES "“72"

GRANULAR MATERIALS INVENTORY
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DETAILED DRILL HOLE LOG

SITE NO. 280 HOLE NO. DH-8
DATE: pEC.15, 1972 |LOGGED BY: [X] PEMCAN
DRILLING METHOD: [}] . onveNTionaL [ SlRcOLATION [ OTHER:
GROUND
CONDITIONS
Toury | crarn | UtmiED MATERIAL DESCRIPTION ' "RE | Ctoery
SYMBOL | symeoL et
O -
oL TOPSOIL: some silt, organic,
dark brown
1.5
2 e
SILT: some sand, trace gravel,
fine grained, few angular shale
4 fragments to 1" size, rounded, 4 -
light brown
6 6 -
ML-GM
8 Vx 8 —
r --------- o little sand, occasional clay pocket
10 ML few pebbles to " size, brown 10 —
12 120 12 4
TOTAL DEPTH 12.0'
14 4 14 4

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 280

HOLE NO. DH-9

DATE: DEC.15,1972 |LOGGED BY: ®X] PEMCAN a

DRILLING METHOD: [g]

AR ATR_REVERSE :
convenTional [J Circutation [ OTHER:

DEPTH

(feet) GRAPH

SYMBOL

0 e

becoming high in silt content
from 5.0'

/ BEDROCK: shale,weathered,
6.0

soft grey

6.5

\

GS

CONDITIONS lsampie
I MPLE| DEPTM
oRo0r MATERIAL DESCRIPTION p s oy 220 RO
SYMBOL cLass | cuass | cont.
0
oL TOPSOIL: some silt, organic vi | M
1.0 1
GRAVEL: little sand, trace silt,
fine to coarse grained, predomin-
antly flat angular shale fragments, 2
some limestone and quartzite
; pebbles to 2" size, grey
| GW-GM L 3

e

TOTAL DEPTH 6.5'

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES “72"
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SITE NO. 280

DETAILED DRILL HOLE LOG

HOLE NO. DH-10

DATE: DEC.15, 1972

LOGGED BY: X] PEMCAN O

DRILLING METHOD' /) conyeNTional 1 ERcOLATION ([ OTHER:
UND
NDITIONS SAMPLE EP
Toany | Sraen | MATERIAL DESCRIPTION — ol
sYmsoL CLASS | CLASS
0 - 0 A
oL TOPSOIL: some silt, organic,
roots, dark brown
2 -
GRAVEL AND SAND: little silt, Mmc
fine to coarse grained, predomin- 4
antly angular to subangular shale ]
fragments with limestone pebbles
to 1" size, grey Vx
- 6 -
5] GW-GM
; 8 7
o
10 45 10
5 GS
PO
0
12 —180‘ few clay pockets from 12" 12 -
2
14 5 14
o
16 Wit 16
ML SILT: some clay, few rounded
\ pebbles to 3" size /
18 — TOTAL DEPTH 16.5' 18 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

P .
GRANULAR MATERIALS INVENTORY PEMCAN SERVICES "72
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DETAILED DRILL HOLE LOG

SITE NO. 280

HOLE NO. DH-11

DATE‘DEC.15, 1972 |LOGGED BY: R PEMCAN O

DEPTH
{faer)

DRILLING METHOD' [0 <o\ venTionar O ElRcSEATION [ OTHER:
Gzool:JNDDlT 10 ;‘CSE SAMPLE
oo | Sraem | o MATERIAL DESCRIPTION o~ P
SYMBOL 1 svmsoL CLASS | CLASS | CONT
0 To5o
: GRAVEL: some sand, little silt,
fine to coarse grained, well
graded, frequent pebbles to 3/4"
39 GW-GM size, numerous cobbles and L
boulders, few shale fragments
MC
6 GS
7.0
SILT: some sand, frequent
ML pebbles to 3" size, medium brown Vs
100
GRAVEL: some sand, little silt, MC
well graded, frequent pebbles,
with shale fragments to 3/4" size,
cobbles and boulders, medium M
brown N
3 GW-GM
MmcC
L=
M
MC
27.0
TOTAL DEPTH 27.0'
30 _

12

15

18

2]

24

27

30

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 280/DH-1 280/DH-3
Sample Depth (Feet): 4 1 -4
Moisture Content (%): 9.2% -

lce Content (%): - -

Organic Content (%): - -

GRAIN SIZE DISTRIBUTION:

Sgnd ___Sizes Silt Sizes

1 i .
Grave Sizes CourseJMedlum IFlne ggg[sgl Medium | Fine Clay Sizes
Seive Sizes
3 " %4 %0 %0 Mo%s0"™oo0 *200
100 ~ . BIEEN
| “ay ; "
90 I — ‘ :
N \
\ N
80 N
N\ N

Te AN AN

60 \ \ DH- K N

< \ ) N AN
Fs0 \vd AN 2

. AN S N
§4o \ \ ' |
w DH 3 \ \ ‘N 1 N
Z 10 A UAN s :

§ NN i M
{20 \ \ i \\ N

NG 1 N
J N
h.
o ! =~ T 0 S
o [ j i
100 10 1-0 ot o-ol 0-00! 0-000t
Grain Size — Millimetres
ACRSE ¢ FINE AGGREGATE

—————————— Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 280/DH-3 280/DH-4
Sample Depth (Feet): 8-10 6.0
Moisture Content (%): - 17.7
Ice Content (%): - -
Organic Content (%): - -
GRAIN SIZE DISTRIBUTION:
Grovel Sizes CWrusul"Mdodluvsnulerlnn ggg;:g"rMedlu:ill:i.ne Clay Sizes
Selve Sizes
" dM R ) " » LI
jooh . 2 1 . lo\ 20 *0%o0 lOb(i 200
"N ‘\ C
8o N \\‘
" \\ \j\DH N i i
L \ {
Eso - \\ - ‘
.:50 3 TN k\ h ™
qu \DH? S .
- N\
§30 v\\ ~ b \\
£20 S R s >
10 r =
{0 | RINEN! } i L T~a
Rl 1 T [T
100 10 10 0l 001 0-001 0-000)
Grain Size — Millimetres
AGCGORAE%SAETE FINE AGGREGATE
Particle size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS:  (280/DH-4 @ 6.0')
Limestone and dolomite 50.4% Deteterious
Quartzite (Sound) 3.3% Shale 34.8%
Igneous _ 2.2% Ferruginous Sandstone
Chert 0.6% and lronstone 8.7%

280-

17




SUMMARY OF LABORATORY TEST DATA

Sample Location: 280/DH-4 280/DH 4 280/DH--9
Sample Depth (Feet): 6-7 24.0 - 25.0 3.0
Moisture Content (%): - - -

Ice Content (%): - -

Organic Content (%): -

GRAIN SIZE DISTRIBUTION:

; Sgnd __Sizes SHit Sizes 1 Si
Gravel Sizes Coarse_[Medium [Fine g";ggl Medium | Fine Cloy ‘res
Seive Sizes
"R 4 % %0 %0 “0"™0"00 %200
100 S ~ A
\ : \ ~
\ 9
90
N '
A\ \ N
80 \\ \\ \‘
N,

70 t \‘ Y |

60 A K RN

H N\DH14(647°) | ™ N
= AN N B

% A\ND = S
g A\ ~J ,
w40 DH-9 \ h 1 \
$30 N/ N A L

] DH-1 (241250 | N s N
a ~_ iy S~ N|

20 ‘\ ™~

P
io i ~ i dg\\
o l i 1 P ——
100 10 10 [o}3 ] 0-01 0-001 0:0001
Grain Size — Millimetres
COARSE
AGGREGATE FINE AGGREGATE

—————————— Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 280/DH-10 280/DH-11
Sample Depth (Feet): 10 5-6
Moisture Content (%): - 6.4

Ice Content (%): -

Organic Content (%): -

GRAIN SIZE DISTRIBUTION:

Sand _ Sizes St Sizes

Grave! Sizes Clay Sizes
Coarse lMadlumJFlne coaru[MedlumlFine
Seive Sizes
ook3- 2 rd & %3 %10 %20 “a0%s0%00 %200
TS AN N
-
20 | N\ s
% g
80 )\ AL b
N\ A
70 ¥ NC \‘
6o A\ K N
H A\ [DH-11 RN »
= ] S ~
. NY N N
240 DH-10 \\{ N A
[ = N :
- Y
£30 >
§ ‘\ - \L\
[ d
&20 s [
N
10 I | THARE
. 1 | il
100 10 -0 [+3} 0-01 0001 0-0001
Grain Size — Milllmetres
COARSE
AGGREGATE FINE AGGREGATE
i e i Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample Sample Depth

Location (Ft.)
280/DH-1 12.0
280/DH-4 11.0
280/DH-4 17.0
280/DH-9 5.5
280/DH-10 2.5
280/DH-11 10.0 - 12,0
280/DH-11 19.0 - 21.0
280/DH-11 27.0

280-20

Moisture Content
(%)

27.7

8.0
10.4

6.9

13.4

14.1

8.9
12.2




SITE NO. 281

Located approximately 12 to 14 miles east of Norman Wells and 2% miles northeast of the
proposed Mackenzie Highway at Mile 620, Site 281 consists of a series of partially effaced
kame hillocks and terraces.

Type of Material: Sand and Gravel; some silt, variable gradation, stratified.
Estimated Volume: 2,000,000 cubic yards.
Assessment: Good quality granular materials which are suitable in the pit run

condition for quality general fill and in the production of base
course aggregates; Site 281 is recommended for development.

LEGEND
e = == Al | weather road sieeeneeeeeo- Required access
————— Existing trails and cutlines  +=——:——:Site limit
seanssencens Proposed Gas Pipeline * == == == == Proposed Mackenzie Highway
© DH  Drill Hole TP  Test Pit
Airphoto No.  A22934/96 Approximate scale: 1" = 3, 000"
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@ PEMCAN SERVICES

ENVIRONMENT

Site 281 is located 12 to 14 miles east of Norman Wells and 21 miles northeast of the
proposed Mackenzie Highway right-of-way at Mile 620. The site is situated on a terrace
or bench which is orientated parallel to the rugged McConnell Range to the northeast and
is slightly elevated above the adjacent glaciolacustrine plain to the southwest. Site 281
consists of a series of partially effaced kame hillocks and terraces which encompass an
area extending from the southwest bank of Francis Creek to the northeast bank of Canyon

Creek. The site area which is approximately 13 miles in length and a I mile in width,
exhibits good surficial drainage to the southwest.

The material in the kame and terrace deposits is highly variable but, generally, consists
of stratified and pocketed deposits of sand and gravel of varying gradation and relatively
high silt content. The presence of deleterious shale fragments in these gravel deposits is
quite significant. Grey shale bedrock underlies these gravel deposits at depth; an organic
topsoil layer, generally less than 1 foot in depth, overlies the entire site area and supp-
orts moderately dense growths of spruce, birch and poplar. The understory growth is relat-
ively sparse. The terrgin immediately adjacent to the southwest exhibits partial thermo-

j

\N \1/ A i/{ v :
\:\ «{ ? %! 1 (; /'V:\“L/\f‘)

A ( AN AR BF >
A A I

‘N‘

——memmme= All weatherrood ~ eeeeeeeeeen Required access

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

eeacasncense Proposed Gas Pipeline e o = Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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karst features characterized by a series of small shallow ponds and muskeg bogs which par-
allel the southwest perimeter of Site 281 at the base of the ridge.

There are no known critical wildlife areas in the immediate vicinity of Site 281. Both
Canyon Creek and Francis Creek contain considerable volumes of potential spawning gravels;
however, these are likely not utilized by fishery resources since both streams dry up during
the summer.

The only existing access to the site area from the CNT pole line and the proposed Macken-
zie Highway right-of-way consists of a seismic cutline and the access trails which were
cleared to and across the site area during the winter drilling program. In part, any future
access to Site 281 will traverse terrain conditions which are sensitive to thermal erosion

if the insulative vegetation cover is excessively disturbed.

DEVELOPMENT

The exploratory drilling which was conducted during the winter field program showed the

following conditions relative to the quality and quantity of available granular materials
in Site 281:

- Good quality granular materials consisting of stratified and pocketed deposits of fine
to medium grained gravels and coarse sands of highly variable gradation and varying
silt content. These sands and gravels are suitable for use as good quality embank-
ment fill material, production of base course aggregates and pit run aggregates. The
relatively high content of deleterious shale fragments, generally negates the use of
these gravels and sands for the production of concrete aggregates.

- The depth of the in situ gravel deposit varies from 5 to 15 feet; therefore, an aver-
age depth of 10 feet has been utilized in evaluating the volume of available granular
materials.

- The overburden material consisting of topsoil and organic silt is generally less than

1 foot in depth.

- An estimated volume of 2,000,000 cubic yards of sand and gravel is considered re-
coverable from Site 281.

Site 281 is recommended for the development and exploitation of granular materials and
the following operational guidelines should be considered in the development of borrow
pit areas:

- In view of the relatively variable quality and scattered nature of the available gran-
ular materials, Site 281 should be considered essentially for pit run aggregates to be
utilized in building pads, roads and airstrip subbase construction. However, if care-
ful and selective excavating procedures are utilized during the development of borr-
ow pits, then the pockets or layers of better quality gravels may be exploited for use

281-3
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in production of base and surface course aggregates.

The various kame hillocks and terraces should be further investigated, prior to dev-
elopment, 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 and related vegetation should be cleared and removed in
accordance with current land use regulations.

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

Relative to granular deposits immediately adjacent to the northeast side of Canyon
Creek or the southwest side of Francis Creek, the development procedures should be
commenced at the source area farthest removed from the water courses. A buffer
zone of adequate width should be maintained between the stream channels and the
final limits of the borrow pit areas.

Operating procedures during borrow pit development should be maintained whereby
surficial waste materials do not drain into the active Canyon Creek or Francis Creek
stream channels.

The construction of adequate access roads of sufficient standards to traverse the
thermally sensitive terrain conditions to the southwest of the site area will have to
be undertaken if extensive quantities of granular materials are to be exploited.

ABANDONMENT AND REHABILITATION

Abandonment and rehabilitation procedures should include:

Recontouring of the borrow pit areas to provide general drainage compatible with
the natural drainage of the adjacent terrain.

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

seismic cutlines in the area indicate that the understory growth and eventually spruce
will be naturally reestablished.

281-4




DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-1
DATE: pec. 14, 1972 |LOGGED BY: ®) PEMCAN O
DRILLING METHOD' ] o venTionar O ElRcOtATion [ OTHER:
DEPTH Gz%‘:lNDDITIOLCSE S.
AMPLE
ol | SRARH | MATERIAL DESCRIPTION p—— P L
SYMBOL CLASS | cLass | conr
0 e 0 S
L1 oL TOPSOIL: some silt, organic,
g0 ¢ o7 roots, medium brown
3 P ' ' -
T SILT: trace sand, light to 3
medium brown
1.5
b —
M
GRAVEL: trace sand and silt, G(S:
well graded, medium to coarse 9 -
grained, predominantly angular v L
fragments of flaky shale, lime- X
stone and dolomite, maximum 12 4
size 13", few subangular and
rounded pebbles, grey
15
[777 - 4 thick layer with high silt
content 18 -
. 21
e 24 S
270/ BEDROCK: shale, fresh, hard \ 97 —
280 N
TOTAL DEPTH 28.0'
30 30

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY @"EMCA” SERVICES "72’
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DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-2
DATE: pEC. 14, 1972 LOGGED B8Y: X PEMCAN O
DRILLING METHOD' ] onveNTionar [ ElRcot ation [ OTHER:
GE%‘:JNDDITIOLCSE SAMPLE
DEPTH
Treany | Grasw | UnmieD MATERIAL DESCRIPTION pon B ey K T
SYMBOL 1 symsoL CLASS | CLASS | CONT.
0 , 0 —
1 '(%' - .
Az TOPSOIL: some silt, organic,
oL 08 roots, dark brown Vx| M
1 ' 1 —
GS
GRAVEL: some silt, little sand,
2 fine to coarse grained, well 2
graded, pebbles subangular to
subrounded, basically limestone MC
3 : and dolomite, angular, flaky 3 4
{ GM-GW Fl:agmer:'ts of shale, maximum
size 13", grey N L
4 4 4
5 5
6 6 —
6.6
7 BEDROCK: shale, fresh, hard, Nbnl| L 7
grey
7.6
8 TOTAL DEPTH 7.6' g |

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY
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SITE NO. 281

DETAILED DRILL HOLE LOG

HOLE NO. DH-3

DATE: DEC. 14, 1972

LOGGED B8Y: X PEMCAN

0

DRILLING METHOD: [g)

oeeru [ | unikieo
(boer) | cvmsoL | GROUP
SYMBOL

AR AR REVERSE :
CONVENTIONAL [J CircULATION [J OTHER:
GROUND ICE
CONDITIONS SAMPLE | DEPTH
MATERIAL DESCRIPTION TYPE | {feet)

GEN’L | NRC. | EST'D
CLASS | CLASS | CONT.

0 —
oL 0.9 TOPSOIL: some silt, organic,
' _\ fibrous, dark brown
" ] -
S GRAVEL: little sand and silt,
fine to coarse, well graded, 9
J GM-GW predominantly limestone, and
; angular shale fragments, maximum ve | L
14" size, occasional granodiorite,
quartzite and dolomite pebbles 3 -
GS
< MC
i3 4 —
5 Joeod 5.0 5
) BEDROCK: shale, hard, grey,
‘ recovered N
6 6.0 6
TOTAL DEPTH 6.0’
7 4 7 4

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

| PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

E NO. 281

HOLE NO. DH-4

DATE: DEC. ]‘41 1972 LOGGED BY: EZ] PEMCAN

0

DRILLING METHOD: [y]

EVER

AR AIR_REVERSE :
convenTional [ circucAtion [0 OTHER:

DEPTH UNIFIED ng%NDDITIOLCSE SAMPLE
(Foar) | GRAPH | P MATERIAL DESCRIPTION TYPE
srmsor | SROUF GENL | NRC. | EST'D

CLASS | CLASS | CONT.
0 goaal
oL TOPSOIL: some silt, organic, root Vr i m

| roots, fibrous, dark brown / Vx

2 — 0.4
‘ SILT: some sand, few pebbles
( ML and cobbles, low plastic, medium

) brown

4 = )) 1.5
i
6 — BEDROCK: shale, finely lamin-
ated, soft, weathered, dark grey Nbn| |

8

)

)
10

MC
1.0
TOTAL DEPTH 11.0'

12

DEPTH
{feet)

12 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-5
DATE: DEC. 14, 1972 LOGGED BY: X PEMCAN O
DRILLING METHOD: () .o\yeNTIoNaL [ EiRcOtATioN [ OTHER:
GE%L”JNDD‘T 10 :‘cse SAMPLE
DEPT DEPTH
(oot | SEAPH | MATERIAL DESCRIPTION e e e R
v SYMBOL CLASS | cLass | ConT.
ity oL 1, TOPSOIL: some silt, organic, Vr | M
' fibrous, rootlets, black Vx
2 GM SILT AND GRAVEL: little sand, 2 -
3.0 frequent shale, limestone and dol-
_\ omite fragments, predominantly
4 - angular, few subangular to round ¢ 4
M
. . GS
6 GRAVEL AND SAND: little silt, 6 —
fine to coarse grained, well graded, N | L
SW-GM few angular to subangular shale
8 and limestone fragments to 1" size, g -
occasional pebbles to 2" size,
medium brown
10 10
12 120 12 -
SAND: some silt, little gravel,
medium to coarse grained, well
SW-SM graded, pebbles to 3" size, mcC
14 medium brown, wet UF 14 1
16 16 —
/ BEDROCK: shale, fresh, hard, \
17.0 grey
17.5
18 — TOTAL DEPTH 17.5 18 —
. -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "“72"

GRANULAR MATERIALS INVENTORY
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SITE NO. 281

DETAILED DRILL HOLE LOG

HOLE NO. DH-6

DATE: DEC. 14, 1972

LOGGED BY: [X] PEMCAN 0

DRILLING METHOD: [g]

REVERSE

AR AR :
conveNTional O circutation [ OTHER:

DEPTH
{feur)

GE%LP"ND?T'O"QCSE SAMPLE
DEPTH MPL
reer) | GRaPH | WRUTIED MATERIAL DESCRIPTION , —"rvee
SYMBOL 1 symsoL Conss | Cikss conr
0 7
3 TOPSOIL: some silt, organic
-f oL s fibrous, black ’ il M
2
SILT: some sand, medium grained,
4 —{ few pebbles to 3/4" size, sub-
angular
6 ML
Vx | L
8 4
10
12

13.0
GRAVEL AND SAND: medium
to coarse grained, well graded,
w_ frequent pebbles to 3/4" size,

medium brown

200/ TOTAL DEPTH 20.0"

UF

MC

GS

MmcC

0 —

10

12

14

16 —

181

20 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-7
DATE: pEc, 14, 1972 [LOGGED BY: %) PEMCAN 0
DRILLING METHOD: %] o\ TionaL [ ElRcOCATiON [ OTHER:
DEPTHM Gz%l’,ﬂNDDITIOLCSE SAMP
MPLE
lteary | cRAPH | UNITIED MATERIAL DESCRIPTION TYPE | (feer)
SYMBOL SYMBOL GEN'L N.R.C. | ESTD
CLASS | CLASS | CONT.
0 25 0]
oL TOPSOIL: some silt, organic, Vr
1 roots, dark brown Vx M -
1.3
2 - 2 —
SILT: some sand, medium grained,
few pebbles to 3" size, low
3 - plastic 3
ML Vx
L
4 - 4
5 4 5 —
6 6.0 6
) BEDROCK: shale, hard, grey N
7 7.0 7 -
TOTAL DEPTH 7.0
8 — 8 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-8
DATE: pEC. 14, 1972 [LOGGED BY: [X] PEMCAN O
DRILLING METHOD' R) (o yeRfionar [J EiRcOiATiON [ OTHER:
DEPTH Gz%':lNDDITIOLCSE S
AMPLE
lrear) | GRAPH | UNIEED MATERIAL DESCRIPTION TYPE | (foer)
SYMBOL SYMBOL GEN’L | N.RC. | EST'D
CLASS [ CLASS | CONT.
0 _*.'," X o-—i
5 oL TOPSOIL: some silt, fibrous, Vr | M
] o roots, black -
2 . . 2 —
GRAVEL: little silt and sand,
angular pebbles of shale, lime-
stone and dolomite, few sub-
3 M angular to subrounded, maximum M 3 -
size 13"
4 4 —
5 5 —
6 0N 6 —
RS 6.2
“g 3% BEDROCK: shale, hard, light N
7 70 9rey 7 -
TOTAL DEPTH 7.0’
8 - 8 —
n 7

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-9
PATE' pEc. 14, 1972 |'OGGED 8Y: &) PEMCAN [
DRILLING METHOD' &) conventionar O &RSEXEISE [ OTHER:
oerr CEoNDITIONS. [sa
H MPLE| DEP
e | SRAR | T MATERIAL DESCRIPTION o o e R koA
sYmsol CLASS | cLASS | CONT.
0 0 —
oL TOPSQOIL: some silt, little sand,
1 organic, roots, brown 1 =
2 2
2.2
3 GRAVEL: little sand, trace silt, 3 -
medium to coarse grained, well
graded, predominantly angular
4 2 fragments, shale, limestone and Vx| L 4 -
) GW-GM dolomite and quartzite, few Gs
- subangular and subrounded MC
pebbles to 1" size
5 5 —
6 6 —
7 7 -
8 8 -
9 9 -
o5 / BEDROCK: shale, hard, grey \
‘0 00 TOTAL DEPTH 10.0' \ Nbn 0

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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DETAILED DRILL HOLE LOG

SITE NO. 281 HOLE NO. DH-10
DATE: DEC. 14, 1972 |LOGGED BY: [ PEMCAN O

DRILLING METHOD' ®) conveNTional O] EiRcOLATION L OTHER:
DEPTH Gé%%NDDITlO'IQCSE SAMP
MPLE
(o | SRR | MATERIAL DESCRIPTION s s s il ko
SYMBOL Crass | CLASS | Con
0 £ by Pp ] 0 -
Ao TOPSOIL: some silt, organic, Vx
PO o roots, medium brown Vr
9 05 2
4 fo : 44
e GRAVEL: some silt and sand,
005 fine to coarse grained, well
RSB graded, predominantly angular
6 5208 fragments of shale, limestone 6 —
25k 27 GW-SM and dolomite with quartzite, N L
few pebbles, subangular to 1"
8 size 8 —
S0 Gs
0083 MC
10 —fo2e:s 10
12 87ac0 12
q UF
S
14 ? ?f 14 -
M1
16 ‘K 60_\ BEDROCK: shale, hard, grey / 16 j
TOTAL DEPTH 16.0'
18 18 —

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. 281 HOLE NO. DH-11
DATE: DEC, 14, 1972 |[LOGGED BY: [X] PEMCAN O
DRILLING METHOD: [q) o\ veNFonal O ARREERSE O orher:

R oNbITIONS.  |same
DEPTH AMPLE | DEPT
(Foar) | OrAPH | (RITED MATERIAL DESCRIPTION TYPE | {frar)

SYMBOL

SYMBOL

GEN'L | N.RC.
CLASS | CLASS

EST'D
CONT.

N s

oL
0.5

TOPSOIL: some silt, little sand,

roots, organic, medium brown

Vx

limestone to 13" size

GRAVEL: little sand, trace silt,
predominantly angular flat frag-
Do _ ments of black shale, few sub-
@ GW-GP rounded to rounded pebbles of

/BEDROCK: shale, hard, grey
19.0

200 TOTAL DEPTH 20.0"

GS
MC

0 —

10

12 H

14 -

16 —

18 —

20 H

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

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

Sample Location: 281/DH-1 281/DH-2 281/DH-3
Sample Depth (Feet): 8 - 11 1-3 2-5
Moisture Content (%): 8.4% 11.6% 10.2%

Ice Content (%): - - -

Organic Content (%): - - -

GRAIN SIZE DISTRIBUTION:

Sand _ Sizes Siit Sizes

Gravel Sizes Clay Sizes
Coarse_[Medium [Fine Medium | Fine
Seive Sizes
T g Y %9 %0 %0%0%00 %200
100 Y <
\‘ N
‘b
90 A
N S
\ N N
80 \ N
‘\ \
Te AN AN N
60 AR\ Y A N,
s \\\X ‘\\ > I
- ,
~50 ~ Q
-« -
c N
40 \ DH+$2, ~ !
?30 DH- \ \\ ~ S
§ LN TN l ™ AN
0 ORI | 1 ~ >
\ N1
S ! ™4
IO ] Pttt Ll (1 ~o
o il
100 10 10 0! 0-01 0-001 ©0-000!
Grain Size — Millimetres
ACDARSE FINE AGGREGATE
—— s o e e e e Particle size limits of frost susceptible materials

PETROGRAPHIC ANALYSIS:
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 281/DH-5 281/DH-6 281/DH-9
Sample Depth (Feet): 3-8 13-16 4-5
Moisture Content (%): 9.6% 6.1% 6.9%
lce Content (%): - - _
Organic Content (%): - - -
GRAIN SIZE DISTRIBUTION:
Gravel Sizes mufnlﬂ:adlu:‘zl‘:lno _g_u::l!iedlu:if;i.ne Glay Sizes
Seive Sizes
ool 32 o J-" * .l(l‘ *20 '40'50"193‘200 } TT
%0 \\A N 3 b
80 AVAN x\ N i
10 A A -
X\\\ ~, il
\ {
5°° X\ \\ \\ S
= >
..50 \ N DHF5 N ! ™
240 N Hh
- \ \DH-6 N i D
T ¢ N
3% AN T . N
PP 59 N g ~ = N
10 T S\ , A
NN ! ! 2% B
. ! ==l it 71
Q0 10 1-0 [+B} 0-01 0001 0-000!
Grain Size — Millimetres
ACRSE o FINE AGGREGATE
Particle size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS: (281/DH-9 @ 4.0' - 5.0')
Limestone and dolomite 38.6% Deteterious
Quartzite (Sound) 12.6% Shale 41.3%
Igneous _ 3.1% Siltstone and
Cherts 1.4% clay lumps 1.0%
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 281/DH-10 281/DH-11
Sample Depth (Feet): 8.0-11.0 8.0-12.0
Moisture Content (%): 12.3 7.1

Ice Content (%): - -

Organic Content (%): -

GRAIN SIZE DISTRIBUTION:

_Sand _ Sizes sut Sizes

Gravel Sizes Coarse IModIumlFln. ggg;;dMedlumlFine Clay Sizes
Selve Sizes
ook3 2 -3 4 * "ucl *20 '4o'so‘|g<i‘zoo
90 Ps K ! .
N, N N
80 \\ \\ N
70 C \\ \\ ‘
DH-1 i R
EGO ! ‘\\{ \\ Ay 1
.:50 \ N N N
240 \OH-11 NN
© A\l ) NN <
$% \;/ s 2 <C
20 \\ =~ N
o I | T s
0 | I
100 10 -0 0t 0-01 0-00! 0-000I
Grain Size — Millimetres
ACOARSE FINE AGGREGATE
Particie size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS: (281/DH-11 @ 8.0' - 12.0Y)
Limestone and dolomite 23.4% Deteterious
Quartzite (Sound) 6.0% Shale 59.7%
Igneous _ 3.2% Sandstone 4,0%
Metamorphic (gneiss) 2.6%
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PEMCAN SERVICES

SUMMARY OF MOISTURE CONTENT DETERMINATIONS

Sample Sample Depth Moisture Content

Location (Ft.) (%)
281/DH-1 24,0 - 25.0 8.8
281/DH-4 10.0 12.9
281/DH-5 13.0 20.9
281/DH-6 18.0 7.1
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SITE NO. 282X

Located 12 to 14 miles southeast of Norman Wells and adjacent to the proposed Mackenzie
Highway from Mile 619 to Mile 621, Site 282X consists of two longifudinal and narrow
beach ridge deposits.

Type of Material: Gravel, Sand and Silt; stratified, scattered.
Estimated Volume: Not determined.
Assessment: Site 282X is not recommended for development because the potential

quantity of recoverable sand and gravel is very minimal and the for-
aging for these scattered pockets of shallow granular materials could
result in extensive surficial disturbance to the site area.

LEGEND
o= o e = = Al weather road seeeeeeeeeeo- Required access
————— Existing trails and cutlines  -=——:——-Site limit
ssssasnnnnnn Proposed Gas Pipeline * == = == == = Proposed Mackenzie Highway
© DH  Drill Hole 4 TP  Test Pit
Airphoto No. A22934/143 Approximate scale: 1" = 3,000

282-1




PEMCAN SERVICES

ENVIRONMENT

Site 282X is located 12 to 14 miles southeast of Norman Wells and is generally in the imm-
ediate vicinity of the proposed Mackenzie Highway right-of-way between Mile 619 and
Mile 621. The site consists of two series of longitudinal and narrow beach ridges situated
between the southwest bank of Francis Creek and the northeast bank of Canyon Creek. The
beach ridge formations are approximately 14 miles in length, 500 feet in width and are
only slightly elevated cbove the adjacent flat terrain. The site area and adjacent terrain
exhibit poor to fair surficial drainage into the adjacent stream channels.

The material in the beach ridges consists of stratified sands, silts and gravels. The layers
of sand and gravel are generally less than 2 feet in thickness and are widely scattered.
Glacial till is encountered beneath the beach ridge materials at a depth ranging from 2 to
10 feet below existing ground surface. The organic topsoil layer, generally less than 1
foot in depth, supports light to moderate growths of spruce and birch attaining heights to
30 feet and trunk diameters to 8 inches. The understory growth is relatively light and con-
sists mainly of grasses and small bush.

There are no known critical wildlife areas in the immediate vicinity of Site 282X.
The existing and future access to the beach ridge deposits is good as both the CNT pole
line and the proposed gas pipeline route traverse the entire length of the northern beach

ridge; the southern ridge is traversed by the proposed Mackenzie Highway right-of-way.

DEVELOPMENT

The exploratory test pits and drill holes which were carried out on Site 282X by PEMCAN
and the consultant for The Federal Department of Public Works showed the following
conditions relative to the quality and quantity of available granular materials:

- The beach ridge consists of stratified sand, silt and gravel in very thin layers. Glacial
till underlies the beach ridge materials at a very shallow depth, ranging from 2 to
20 feet below existing ground surface.

- The layers and pockets of sand and gravel are widely scattered and represent a very
minimal quantity of granular materials. The concentration of sand and gravel pock-
ets are in the beach ridge areas immediately adjacent to the Francis Creek and
Canyon Creek stream channels.

- The overburden material, consisting primarily of topsoil and inorganic silt, is less
than 23 feet in thickness in areas where the stratified sands and gravels were en-
countered.

- The depth of recoverable sand and gravel is generally less than 2 feet.

Site 282X is not recommended for development and exploitation of granular materials
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PEMCAN SERVICES

because the potential quantity of recoverable sand and gravel is very minimal. In addition,
the pocketed and stratified sand and gravel deposits are widely scattered and the foraging
for these materials could result in rather extensive disturbance to the site area.

If utility right-of-ways are located as proposed, across these beach ridges on Site 282X,

then these pockets of sand and gravel can be utilized as embankment fill material obtained
from the cleared right-of-way as common excavation.
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DETAILED TEST PIT LOG

282X/7TP 1

8-3 TOPSOIL; organic, roots, black

GRAVEL; coarse, cobbles, well graded

Unfrozen

CLAY (TILL); pebbles

4.5

TOPSOIL; organic, roots, black

SILT; some clay and sand, occasional cobbles

Unfrozen

CLAY (TILL);

TOPSOIL; organic, black

GRAVEL and SAND;
CLAY (TILL);

282-4




DETAILED TEST PIT LOG

282X/TP 4

TOPSOIL; organic, black
SILT; some clay, yellow

SAND; coarse grained

GRAVEL; fine

C
o
N
o
5 SAND; medium to fine grained
SILT; some clay, laminated
SAND; medium grained
282X/TP 5
— 0.0
e oy :
% "\% (OL) 0.6 TOPSOIL; organic, black
T (ML-CL)— 0:9 SILT; some clay
b eS 3
c
N
2 1 (GM-5M) GRAVEL and SAND
5 !
4.5
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DETAILED DRILL HOLE LOG

SITE NO. 282X HOLE NO. C 925
DATE: MAR. 12, 1973 {LOGGED BY: 3 PEMCAN X R.M. HARDY & ASSOCIATES
DRILLING METHOD: (R) ¢ oy enTionar (I ElRcOEATION [ OTHER:
GROUND ICE
DEPTH UNIFIED CONDITIONS SAMPLE | DEPTH
(faet) g;‘:‘;’: GROUP MATERIAL DESCRIPTION e | e | est | TYPE | (et
- SYMBOL CLASS | CLASS | CONT. 5
Pt |, MOSS: Vx| H |
CLAY: silty, low to medium Vs | M
2 (CL-CD plastic, brown s 2 -
4 4 -
6 6 —
g (MD_| ;> SILT: sandy, fine lensed o
(CL) CLAY (TILL): silty, sandy,
low plastic, brown
10 10.0 Nbn 10 —
_ SAND (TILL): low plastic, very
(SM-5C) silty, trace of clay
12 12.0 12
(cn CLAY (TILL): medium plastic,
brown
14 14 —
15.0
END OF HOLE 15.0'
16 16 -
18 - 18 -
20 — 20 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS

INVENTORY

| PEMCAN SERVICES “72"

282-6




SITE NO. 282 X

DETAILED DRILL HOLE LOG

HOLE NO. C 929

DATE: MAR. 12, 1973

LOGGED B8Y: [J PEMCAN

) R.M. HARDY & ASSOCIATES

DRILLING METHOD: [x

AIR AIR_REVERSE -
convenTionaL O CircutATiION [ OTHER:

DEPTH
{feer)

DEPTHM
(feet)

0

16

END OF HOLE 15.0

GROUND _ICE
UNIFIED CONDITIONS SAMPLE
;:A‘;’g: GROUP MATERIAL DESCRIPTION et | e lesto | TP
SYMBOL CLASS | CLASS | CONT.
(ML) SILT: .clayey, brown, Nbn
organics
2.0
e et Blamics vy vatrareous EEEAVE | M
s 9reYs v & Vs
§ 5 e m— e e — -
(C1-CL) - coarse sand
P D
(L) - silty, sandy, low plastic, vx | M
grey brown
1.0
SAND (TILL): fine silty, brown,
(SM) slightly plastic clay; Till Nbn
inclusions
15.0

14

16 —

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES “72"
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DETAILED DRILL HOLE LOG

SITE NO. 282X HOLE NO. C 927
DATE: MAR. 12, 1973 |LOGGED BY: [ PEMCAN & R.M. HARDY & ASSOCIATES

DRILLING METHOD' &) conveNTional O ClRcGrATion [ OTHER:
Gg%l’{lNDDI'”O"UCSE SAMPLE
DEPTH LE| DEPTH
troan | rasn |00 MATERIAL DESCRIPTION o e P R R
SYMBOL cLAss | cLass | conr.
0 - 0 4
CLAY: silty, low to medium
(CL-cn plastic, brown, rootlets Vx| M
2 2.0 2 -
SILT: clayey, trace of fine sand,
(ML) occasional siltstone and cobbles,
4 - low plastic Vx | M 4 =
Vx
6 = 6
p'
8.0 g -
SAND: fine grained, brown
(SM) occasional stone
10.0 Vx | M 10 -
(CL) CLAY (TILL): silty, sandy, low
plastic
2.0 12
(ML) SILT (TILL): trace of fine sand
and clay, pebbles and cobbles
14.0 14 -
END OF HOLE 14,0

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

E [ 1] ”
GRANULAR MATERIALS INVENTORY PEMCAN BERVICES "72
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DETAILED DRILL HOLE LOG

SITE NO. 282X HOLE NO. C 931

DATE: MAR. 12, 1973 [LOGGED BY: ] PEMCAN X R.M. HARDY & ASSOCIATES

ORILLING METHOD' [X] ¢ onyenTionar O ClRcOiATIoN [ OTHER:
D:PTN GRAPH UNIFIED MATERIAL DESCRIPTION Gzoolv{s%?nokcss SAMPLE | DEPTH
teer) | s vmsol oo oent | nre [esto | T | et
CLASS | CLASS | CONT.
0 0
(ML) SILT: fine sandy,low plastic Vs | M
brown, organic
2 — ; 2.0 2
/ I CLAY (TILL): silty, sandy,
medium plastic, brown
4 % (CLY pF——- = siltier 4 4
6 Z e -——— = lesssilty Vx | L 6 —
8 % -——— - pebbles, fairly sandy 8 —
/ -——-— = siltier and sandier
o / (CL-CI) low to medium plastic 0 _
12 12 -
14 14.0 * 14 4

END OF HOLE 14.0'

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. 282X HOLE NO. C 936
DATE: MAR. 12, 1973 |LOGGED BY: [ PEMCAN (X R.M. HARDY & ASSOCIATES
SRICTNG METHOD" 0 connyelfona, O BRSOl orver
DEPTH UNIFIED °E%‘¢'?>?noh°s' SAMPLE | DEPTH
(foet) ;;A.Po': GROUP MATERIAL DESCRIPTION oent | nac. | esto TYPE | (feer)
SYMBOL Class | CLASS | conr,
0 0 -
(GM) GRAYEL: sandy, silty, non- Vs | M
9 plastic, brown
- 2 .
4 — --—-= - finer 4 -
| _ __._ = coaqarser 6 —
8 45l 0 fb—o—a- - very silty, fine, sandy 8 -
10 10.0 10 -
1 (SW-SM) SAND.: coarse, fine gravelly,
: very fine grained sand
12 12.0 12 -
CLAY (TILL): silty, sandy, low
14 (CL) plastic, grey, pebbles 14
7
15.0
END OF HOLE 15.0'
16 — 16 -

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

I PEMCAN SERVICES "72"

GRANULAR MATERIALS INVENTORY
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SUMMARY OF LABORATORY TEST DATA

Sample Location: 282X/TP-1

Sample Depth (Feet):
Moisture Content (%):
lce Content (%):

Organic Content (%):

1.5

GRAIN SIZE DISTRIBUTION:

Grovel Sizes Sond _Sizes Sht Sizes Clay Sizes
Coarse IM!dlum |F|n! gggugl Medium | Fine
Seive Sizes
P WO O p @ L ] [} », L -
'0073 9y 4 IO\ 20 “a0%0 |o.o 200
20 A W,
3
N
80 S p
N\ AN \
70 X Y
q “‘ ‘\
N,
5°° A NT2E RN <
Fs0 \\ g
- N AN
] )
40 N N
w N .
< N
g3 L s
- ~ N
~
“20 Sy
-~ I~
10 e
! ! ~
| | |
100 10 0 3] 0-0l 0-00! 0-000!
Grain Size — Millimetres
ACHRSE ¢ FINE AGGREGATE
——— e e e e Particle size limits of frost susceptible materials
PETROGRAPHIC ANALYSIS:
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SITE NO. 283

LOCATION

Located approximately 11 miles east of Norman Wells and immediately adjacent to the
current stream channel of Canyon Creek, Site 283 consists of a fossil alluvial fan. It is
expected that materials in the fan consist of silty sand and gravel.

The proposed Mackenzie Highway right-of-way at Mile 621 is located approximately 1%
miles southwest of Site 283. The proposed gas pipeline route runs approximately 3/4 of a
mile southwest of the site area.

=== All weather road ... Required access

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

esssacennsas Proposed Gas Pipeline e === Proposed Mackenzie Highway
Airphoto No. A22934/98 Approximate scale: 1" = 3,000’
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@ PEMCAN SERVICES

GENERAL

Site 283 encompasses a fossil alluvial fan which has been deposited approximately at a
noint where the stream channel of Canyon Creek enters the Mackenzie Plain. The total
fan area is approximately 4000 feet in length and 3500 feet in width. Based on inferred
data from a similar fan, denoted as Site 280 and drilled during the winter program, the
apex of the fan, designated as zone "a" on the site airphoto, contains the coarser granular
materials while zone "b", forming the peripherial downslope portion of the alluvial fan is
probably composed of fine grained soils. The site area and the immediately adjacent terr-
ain exhibits fair to poor surficial drainage into the active stream channel of Canyon Creek.

The surficial layer of topsoil and organic silt supports moderate growths of spruce with irr-
egular stands of poplar and birch.

There are no known critical wildlife areas in the immediate vicinity of Site 283.

It is anticipated that good quality granular materials are available in zone "a" while zone
"b" likely contains less suitable deposits. Therefore, on this basis, Site 283 is rated as a
fair prospect. The access to the site can be achieved by a short extension of the existing
seismic cutline; but will require the crossing of a small creek.

= All weather road ~ ceeeeeenenn Required access

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

sessceseanes Proposed Gas Pipeline mmam o e Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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SITE NO. 284X

Located approximately 11 miles east of Norman Wells and 2 miles northeast of the proposed
Mackenzie Highway at Mile 622, Site 284X consists of shallow slope wash and reworked
glacial till materials on the west bank of Canyon Creek.

Type of Material: Silt; some clay, little gravel and sand.

Estimated Volume: Not applicable.

Assessment: Site 284X is not recommended for development because materials
of granular quality were not established during the field drilling
program.

LEGEND
== o= e = Al| weather road sreseeseeeee- Required access
————— Existing trails and cutlines  +——:—:Site limit
seressnennns Proposed Gas Pipeline * == ===« Proposed Mackenzie Highway
© DH  Drill Hole TP Test Pit
Airphoto No. A22934/97 Approximate scale: 1" = 3,000
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ENVIRONMENT

Site 284X is located approximately 11 miles east of Norman Wells immediately adjacent to
the west bank of Canyon Creek and 2 miles northeast of the proposed Mackenzie Highway
right-of-way at Mile 622, The site, consisting of shallow slope wash material and reworked
glacial till overlying shale bedrock, encompasses an area approximately 1500 feet in length
and 1000 feet in width. The site area and adjacent terrain slopes gently to the southwest
and exhibits good surficial drainage into the watershed of Canyon and Snowshoe Creeks.
The steep west. bank of Canyon Creek, which is deeply incised into shallow bedrock, forms
the eastern perimeter of Site 284X.

The material in Site 284X consists of inorganic, clayey silts with some small pebbles inter-
spersed throughout. Shale bedrock was encountered at depths generally less than 11 feet
below the existing ground surface. An organic topsoil and peat layer, which is less than

13 feet in depth, overlies the site area and supports light to moderate growths of spruce. The
understory growth is relatively sparse and consists primarily of grasses and shrubs.

There are no known critical wildlife areas in the immediate vicinity of Site 284X. Canyon
Creek contains considerable potential spawning gravels along its course; however, these

s” "“35 7!

== All weather rood e Required access

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

sesssauscass Proposed Gas Pipeline e wm e Proposed Mackenzie Highway
Section of Map No. 96 E Scale: 1:250,000
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gravels are not likely to be used by fishery resources since the Creek normally dries up
during the summer.

The existing access to the site area from the CNT pole line, proposed Mackenzie Highway
and gas pipeline right-of-way consists of seismic cutlines and the new access trails which
were cleared to the site during the winter drilling program.

DEVELOPMENT

The exploratory drill holes which were carried out on Site 284X did not show any subsurface
materials of granular quality although the initial airphoto interpretation and field reconn-
aissance of the site indicated the possibility of encountering granular materials.
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DETAILED DRILL HOLE LOG

SITE NO. 284X HOLE NO. DH-1
DATE: DEC. 14, 1972 |LOGGED BY: [¥] PEMCAN O
DRILLING METHOD: [x] CONVEﬁH’iIONAL O él'chEXﬁéi (] OTHER:
. GROUND ICE
DEPTH UNIFIED CONDITIONS _ [sampLe| pEPTH
) ;‘:“sg’t GROUP MATERIAL DESCRIPTION cent | e | esro | TYPE | (e
SYMBOL CLAsS | cLass | conr.
0 - 0 —
S Pt 0-8-\ PEAT: organic, fibrous, muskeg Vx M
2 L 97—
4 7 SILT: some clay, trace sand, 47
frequent pebbles to 3" size,
brown
6 — & —
MH Vs
8 Vx Hr 87
10 J 10.0 .10
BEDROCK: shale, dark grey to
12 black Nf | L 12 —
13.0
TOTAL DEPTH 13.0'
14 - OTAL 14 -

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. 284X HOLE NO. DH-2
PATE: pEc. 14, 1972 |\OGGED BY: [¥] PEMCAN (3
DRILLING METHOD' %] conventionar 01 SIRcSEARSE O oTher:
CCoNDITiIoNs" |sameie
DEPTH MPL [ 4
T el IV MATERIAL DESCRIPTION JowE I ey L KA
SYMBOL : CLASS | cLASS | conT.
0 0 —
Pt PEAT: organic, fibrous, M
Lmuskeg / Vi
2 SILT: some clay, some pebbles to L 2
___________ ___ %" size, light brown
- little sand, larger pebbles to
4 1" size, shale fragments to 3/8“ 4
size, from 3.0'
ML
6 6 -
Vs [M-H
8 u 8.0 8
BEDROCK: shale, black Nfl| L
10 10
1.0
TOTAL DEPTH 11.0'
12 — 12 -
~ —
—1 —

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND NORTHE

RN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

I PEMCAN SERVICES "72"
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SITE NO. 284X

DETAILED DRILL HOLE LOG

HOLE NO. DH-3

DATE® pEC. 14, 1972

LOGGED BY: () PEMCAN 0

DRILLING METHOD: [f] -onyeNTionar O ElRciiation L1 OTHER:
DEPTH GE%L’,QNDD”WO‘ICSE SA
MPLE E
troan) | SRR | S0 MATERIAL DESCRIPTION wn on e KR k04
SYMBOL CLASS | CLASS | CONT.
0 oL 0 -
?tgf’j-&e;* Pt PEAT: organic, fibrous, muskeg
ﬂﬁﬁ 1.5 Vs
2 SILT: some clay, trace sand, M-H 2 —
) frequent pebbles to 3" size,
( o medium brown
4 4 - occasional larger pebbles to 1" 4 =
I size from 3.0' Vs
MH-CL
6 Vx 6 -
8 — 8
9.0
. 10
SAND: some silt, friable sand-
SM stone fragments to 1/8" size, NF L
medium brown
12 —
13.0
TOTAL DEPTH 13.0
14 14

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS INVENTORY

l PEMCAN SERVICES “72"
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SITE NO. 284X

DETAILED DRILL HOLE LOG

HOLE NO. pH-4

DATE:  pEc. 14, 1974/OGGED BY: ) pEMCAN O

DRILLING METHOD: ] onyeNTional [0 ClRcOLATION [ OTHER:
DEPTH Gg%%ND?TIOLCSE SAMPLE | DEPTH
troan [ crar | S MATERIAL DESCRIPTION T nec Leora |77 [ ttoen
SYMBOL CLASS | CLASS | CONT.
0 0 —
Pt | PEAT: organic, fibrous, muskeg Vx M-H
oL - some silt, dark brown Vs
9 -5 _\ from 0.8 Vx 5 ]
4 — SILT: some clay, trace sand, 4 —
some pebbles to 1" size,
brown
6 - 6
ML - frequent pebbles from 7.0’
8 M 8
Vx ]
9.0
CLAY: some silt, occasional
10 CL pebbles to 3/4" size, shale 10 —
Lo fragments, brown L
12 BEDROCK: shale, black N 12 -
13.0
14 TOTAL DEPTH 13,0 y 4
_ _
—1 —
— .
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Alluvium

Anhydrite

Annuals

Autoclave
Expansion

Berm

Biotic
Boreal
Boulder

Cartographic

Clay
Cobble

Colluvium

Conglomerate

Cretaceous

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, CaSO4. Orthorhombic,
commonly massive in evaporite beds.

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 Portiand

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 North.

A rock fragment larger than 8" in diameter.

Pertaining to a map. In geology a cartographic unit is a rock or
group of rocks that is shown .on a geologic map by a single color or
pattern.

Soil particles smaller than 0.002 mm. in diometer.

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

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

Rounded water-worn fragments of rocks or pebbles, cemented to-
gether by another mineral substance which may be of a 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 molecular
structure.

An alluvial deposit, usually triangular, at the mouth of a river.



Devonian

Dolomite

Ecology

Eolian
Escarpment

Esker

Excess Ice

Fauna

Flood Plain

Flora
Fossiliferous

Geomorphology

Glacial Till

Glaciofluvial
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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; a common rock-forming mineral.

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

Deposits which are due to the transporting action of the wind.
The steep face of a ridge of high land.

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

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 its
banks at flood stages.

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

The study of landscape and of the geologic forces thatproduce it.
It is the dynamic geology of the face of the earth. It concerns
that branch of physical geography dealing with the origin and
development of the earth's surface; features (landforms) and the
history of geologic changes through the interpretation of topo-
graphic forms.

Non sorted, non stratified sediment carried or deposited by a
glacier.

Fluvioglacial. Pertaining to streams flowing from glaciers or to
the deposits made by such streams.
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Glaciolacustrine Pertaining to glacial-lake conditions, as in glaciolacustrine
' ' deposits.
Gravel Soil particles smaller than 3" in diameter and larger than 2.0 mm

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

Gypsum Alobaster. Selenite. Satin Spar. A mineral, CaSO4, 2H20.

Monoclinic. A common mineral of evaporites.

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

Hummock A mound or knoll.

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

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

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 plant formations composed of a
certain fungi growing close together with certain algae.

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

Meandering 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.



Morphological

Muskeg

Ordovician

Perennial

Permafrost

Petrography

Proglacial

Sand

Screes

~ 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 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 diameter 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 a 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.

Soil 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 a 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 period.

The thawing of frozen ground due to surface disturbance, increas-
ing temperature, efc.

(Cave~-in Lake), lakes which occupy depressions resulting from
subsidence caused by thawing of ground 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 symbols (according to the Unified Soil Classification
System) and depths at individual soil type boundaries. Frost penetration is indicated to
the left of the graph symbol as illustrated below:

53 3 -
o — —Q -Q e
= E £ o
3 & S £
o B Y o
Lo O )
e - g 3 Peat; fibrous, wet
£ : Clay; organic, high plastic
(OH) Y org r NIGh p
1.0
st 1.8 e
NE Sand; little silt, poorly
L.’é (SP) graded, saturated
5t
A 2.5
5 Gravel; some sand, well
' graded, saturated, from 3 ft.
frozen. Pebbles to 2 in.
5.0

vi
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DRILL HOLE LOG DESCRIPTION

The general information, indicating Site No., Hole 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 herewith:

Column 1 and 9:

Column 2:

Column 3:

Column 4:

Column 5:

Column 6:

Column 7:

Depth scale outlining increasing depth of drill hole below existing
ground surface.

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

Unified Group Symbol indicating the abbreviated material classifi-
cation in accordance 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.

Materials Description contains the engineering classification of each soil
strata encountered in accordance with the criteria outlined in the
Materials Classification 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.

General Classification of Ground lce Conditions indicates whether the
material was frozen or unfrozen at the time of drilling.

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

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:

vil



Column 8:
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"L":~  indicates Low ice content with generally less than 10% ice.

"M'":~  indicates Medium ice content with generally 10% to 50%
ice.

"MH":-  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 types of laboratory
tests conducted:

MC:- designates moisture confent determinations.

GS:-  designates grain size analyses including hydrometer tests.
P:- designates Petrographic analyses.
H:- designates Hardness Tests in accordance with the standard

"Morr" classification for rocks and minerals.

O:- designates Organic Content determinations.

viii



DETAILED DRILL HOLE LOG

SITE NO. 131 HOLE NO. DH-1

DATE: ggp, 15, 1973 |LOGGED BY: [x] PEMCAN n

: AR AIR REVERSE .
DRILLING METHOD: %) o \yenTional [ ElRcUtATion [] OTHER:
GROUND __ICE
DEPTH UNIFIED CONDITIONS SAMPLE| DEPTH
(Foer) | GRAPH I~ O P MATERIAL DESCRIPTION TYPE | {feet)
SYMBOL GENL | NRC. | ESTD ,
SYMBOL CLASS | CLASS | CONT.
oL 1, TOPSOIL: organic, dark brown  [e2%d Nf | L
: -
GRAVEL: some silf;;/l;fﬂe sand,
, frequent pebbles to ;’g{\;ize,
GM-GP occasional boulders, me¥dium Vs |L-M 4 -
brown
N @ 6 —
08 7.0 \
8“ % > 8 i
ML S$LT: some clay, trace of rust R
e and coal specks, frequent pebbles [0
“ P BT size, occas P [ Sl P s ¥
]0"‘ | 4 1O l. LTy ULLUIVIIIE VUi o ; ]0 ]
. medium brown :
12 12.0 12 —

TOTAL DEPTH 12.0

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND NORTHERN DEVELOPMENT

GRANULAR MATERIALS [INVENTORY

PEMCAN SERVICES "*72"




@ PEMCAN SERVICES

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,
The following page defines these
terms and symbols. Letters appearing in parentheses denote visual identification which
have not been verified in the laboratory. If the soil falls close to the boundaries
established between the various groups a double symbol (for example GW=-GP) is used.

1953, the Waterways Research Station, U.S.A.).

Since the Unified Soil Classification System does not contain detailed subdivisions of
granular soils according to percentage proportions of secondary components, the ASTM
suggested method for identification of granular soils ("Suggested Methods of Test for
Identification of Soils", ASTM Procedures for Testing of Soils, 4th edition, December,
1964) is adopted for soil description as defined below:

Composite Sand-Gravel Soils

Composite Sand-Silt Soils

Percentages

Identification

Percentages

ldentification

20 to 10

80 to 20

65 to 35

50 to 50

35 to 65

20 to 80

10 to 90

Gravel; trace Sand

Gravel; little Sand

Gravel; some Sand

Gravel and Sand

Sand and Gravel

Sand; some Gravel

Sand; little Grave!

Sand; trace Gravel

95to 5

90 to 10

80 to 20

65 to 35

50 to 50

35 to 65

20 to 80

10 to 90

Sand; trace - Silt

Sand; trace + Silt

Sand; little Silt

Sand; some Silt

* Sand and Silt

Silt and Sand
Silt; some Sand
Silt; little Sand

Silt; trace Sand




MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS

LABORATORY
ROUP GRAPH
MAJOR DIVISION GROU TYPICAL DESCRIPTION CLASSIFICATION
SYMBOL SYMBOL CRITERIA
2
WELL GRADED GRAVELS, LITTLE OR NO _ Deo _ D3l _
GW e CQumg>6Cc=—2 =113
w 10 Do X Dgo
2, CLEAN GRAVELS
—~ x4 (LITTLE OR NO FINES)
g 8z, POORLY GRADED GRAVELS, AND GRAVEL- NOT MEETING
g e GP SAND MIXTURES, LITTLE OR NO FINES ABOVE REQUIREMENTS
Wi
2 >
g g5 ATIERBERG LIMITS
> i GM SILTY GRAVELS, GRAVEL-SAND-SILT CONTENT BELOW “A"" LINE
z z2 MIXTURES
gF wg DIRTY GRAVELS OF FINES P.l. LESS THAN 4
Qe g0 (WITH SOME FINES) EXCEEDS ATTERBERG LIMITS
o8 = GC CLAYEY GRAVELS, GRAVEL-SAND-(SILT) 12% ABOVE “A" LINE
g3 CLAY MIXTURES P.. MORE THAN 7
§§ WELL GRADED SANDS, GRAVELLY SANDS, Dso ‘Daoiz
o = SW UTTLE OR NO FINES U= g 24 Ce= b x b 3
£ wz CLEAN SANDS ¢
Sy Z< (LITTLE OR NO FINES) -
o < sp POORLY GRADED SANDS, LITTLE OR NO NOT MEETING
z w2ES FINES ABOVE REQUIREMENTS
£ 2:%°
= EEE ATTERBERG LIMITS
¥ -} SM SILTY SANDS, SAND-SILT MIXTURES CONTENT BELOW “A” LINE
o we .
S £32 DIRTY SANDS OF FINES P.I. LESS THAN 4
za (WITH SOME FINES) EXCEEDS
CLAYEY SANDS, SAND-(SILT) CLAY 12% ATTERBERG LIMITS
5C ABOVE “A” LINE
MIXTURES
P.. MORE THAN 7
w INORGANIC SILTS AND VERY FINE SANDS,
S w, <50% ML ROCK FLOUR, SILTY SANDS OF SLIGHT
n:BSZ PLASTICITY CLASSIFICATION
o | B8z IS BASED UPON
& | VEES8 W 50% MH INORGANIC SILTS, MICACEOUS OR DIATO- PLASTICITY CHART
@ A > 50% MACEOUS, FINE SANDY OR SILTY SOILS (see below)
o
o -
o \‘\:\ INORGANIC CLAYS OF LOW PLASTICITY,
ut o, NN
gz 5.8 W, < 30% ClL _ \\\\\\\\ g{z:‘yssm, SANDY, OR SILTY CLAYS, LEAN
ol S N\ \\\§\§¥\\
- F¥s]-14 ) AR
gz | 570z \i\‘»\*\\\ INORGANIC CLAYS OF MEDIUM PLASTI-
22 | 2ized | soucwson Ci \\\i\\\\i\\\\\\\} CITY, SILTY CLAYS
5| 9.zs8 NRIINIMY
=3 N
b 8z . \\\\\\\\@\\\\\X\\ INORGANIC CLAYS OF HIGH PLASTICITY,
z2 w, >50% CH \\\\\\\\\\ N FAT CLAYS
z AU
z v o ¥ WHENEVER THE NATURE OF THE FINE
- w
wlo % W, < 50% oL S . LaWTs, oD (ORGANIC SUTY | CONTENT HAS NOT BEEN DETERMINED,
g | 2%p:-& IT IS DESIGNATED BY THE LETTER “F", E.G.
<1 &§L<Ts SF IS A MIXTURE OF SAND WITH SILT OR
220z, CLAY
o ss W, > 50% OH ORGANIC CLAYS OF HIGH PLASTICITY
@
STRONG COLOR OR ODOR, AND OFTEN
HIGHLY ORGANIC SOILS Pt ’ 34 PEAT AND OTHER HIGHLY ORGANIC SOILS | £iebcyiie TexTuRe
P s S i 2
SPECIAL SYMBOLS
BEDROCK OVERBURDEN
] {UNDIFFERENTIATED) (UNDIFFERENTIATED) 4[ ] l J
50
: ] = L 1 T 1 /
T PLASTICITY CHART CH /
T T SANDSTONE LIMESTONE 404 FOR v
TR (fragments & blocks) SOILS PASSING NO. 40 SIEVE
L I RS
—~ 30 Xy
b 7 MH
;i SHALE ] a
- P
{ > 20
e E a / OH
1 & par:
- LIMESTONE < 1w
[ .
11 A ZL 7| M
i\'—"l‘,\”. ];'
RS 0 10 20 30 40 50 60 70 80 %0
NAVIRAIR!
SoiNiic TALUs LIQUID LMIT (%)
LoV (angular rock fragments)
=2/ / gu g
L~ -0
('C:\ SAY 1. ALL SIEVE SIZES MENTIONED ON THIS CHART ARE U.S. STANDARD, A.S.T.M.
N E1L
r /i ‘\
',‘;f\:f‘-c‘, TILL 2. BOUNDARY CLASSIFICATIONS POSSESSING CHARACTERISTICS OF TWO
\\\. P ‘!1 (mixed silty sond & clay) xi GROUPS ARE GIVEN COMBINED GROUP SYMBOLS, E.G. GW-GC IS A WELL
AN GRADED GRAVEL SAND MIXTURE WITH CLAY BINDER BETWEEN 5% AND
12%.




GROUND ICE CLASSIFICATION
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TABLE I

ICE DESCRIPTIONS

A. ICE NOT VISIBLE®

Subgroup
Group Field Identification
Symbol Description Symbol

Poorly bonded Identify by visual examination. To determine
or friable - Nf presence of excess ice, use procedure under
: nole™®’ and hand magnifying lens as necessary.
N No excess ice i Nbn For soils not fully saturated, estimate degree of
: Well-bonded Nb i--eeeeee ice saturation: mediuvm, low. Note presence of
Excess ice i Nbe crystals or of ice coatings around larger particles.

) Frozen sosls in the N group may, on close examination, indicate presence of ice within
the voids of the material by crystalline reflections or by a sheen on fractured or trimmed

surfaces. The impressfon received by the unaided eye, however, is that none of the frozen
water occupies space in excess of the original voids in the soil. The opposite is true of frozen
soils in the V group (see p. 14).

) When visual methods may be inadequate, a simple field test to aid evaluation of volume
of excess ice can be made by placing some frozen soil in a small jar, allowing it to melt,

and observing the quantity of supernatant water as a percentage of total volume,

FiG A. ICE NOT VISIBLE

Nf
POORLY BONDED

LEGEND:

Nbn Nbe
WELL BONDED - WELL BONDED -
NQ EXCESS ICE EXCESS ICE

soit -1 e - B o

X,
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TABLE I (cont'd)
ICE DESCRIPTIONS

B. VISIBLE ICE—LESS THAN 1 INCH THICK®

Subgroup
Group Field Identification
Symbol Description Symbol
Individual ice For ice phase, record the following when
crystal or Vz applicable:
inclusions Location Size
QOrientation Shape
Ice coatings Thicknesa Pattern of arrangement
on particles Ve Length
Spacing
\'4 Random or Hardness
irregularly Vr Structure )} per Group C (see p. 16)
oriented ice Colour
formations Estimate volume of visible segregated ice
present as percentage of total sample volume.
Stratified or .
distinctly Vs
orienled ice
formations

) Frozen sorls in the N group may, on close examination, indicate presence of ice within
the voids of the material by crystalline reflections or by a sheen on fractured or trimmed
surfaces. The impression received by the unaided eye, however, i's that none of the froren
water occupies space in excess of the original voids in the soil. The opposite is true of

frozen soils in the V droup.

FIG B. VISIBLE ICE LESS THAN ONE INCH THICK

o T —
. - I8 T
2F Lo ’ \
[ L . X Q < :
z 3t @ @ /é'
= 3 ™
- ; - - ~—7
4 v .
st <> @ -
. - Lo
¢ Lo .
Vx Ve Vr Vs
INDIVIDUAL ICE 1CE COATINGS RANDOM OR STRATIFIED OR
INCLUSIONS ON PARTICLES IRREGULARLY DISTINCTLY
ORIENTED ICE ORIENTED ICE
FORMATIONS FORMATIONS
LEGEND : soiL - [ 1ce - X

X,
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TABLE I {cont'd)
ICE DESCRIPTIONS
C. VISIBLE ICE—GREATER THAN 1 INCH THICK

Subgroup
Group Field Identification
Symbol Description Symbol
Ice with soil ICE + Designate material as ICE®) and use descriptive
inclusions soil type terms as follows, usually one item from each
ICE group, when applicable:
Ice without ICE Hardness Structure(®?
soil inclusions BARD CLEAR
’ SOFT CLOUDY
(of mass, not POROUS
individual - CANDLED
crystals) GRANULAR
STRATIFIED
Colour Admixtures
(Examples): (Examples):
COLOQURLESS CONTAINS
GRAY FEW THIN
BLUE SILT INCLUSIONS

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

® Observer should be careful to avoid being misled by surface scratches or frost coating
on the ice.

FIG C. VISIBLE ICE GREATER THAN ONE INCH THICK

0 r—
' b=
2 -
"
w
S 3t
=
4F
5k
6 e
ICE & SOIL ICE
ICE WITH SOIL 1CE WITHOUT SOIL
INCLUSIONS INCLUSIONS

LEGEND: soiL - [ ice -~ Y




@ PEMCAN SERVICES

TABLE I
TERMINOLOGY

Ice Coatings on Particles are discernible layers of ice lound on or below the larger soil particles
in a frozen soil mass. They are sometimes associated with hoarfrost crystals, which have grown into
voids produced by the freering action.

Ice Crystal is a very emall individual ice particle visible in the face of a soil mass. Crystals may be
present a]one or in combination with other ice formations.

Clear Ice is transparent and conlains only a moderate number of air bubbles.

Cloudy Ice is relatively opaque due to entrained air bubbles or cther reasons, but which is essentially
sound and non-pervious.

Porous Ice containg numerous voids, usually interconnected and usually resulting from melting at
air bubbles or along crystal interfaces from presence of salt or other materials in the water, or from
the freezing of saturated snow. Though porous, the mass retains its structural unity,

Candled Iceis ice that has rotted or otherwise formed into long columnar crystals, very loosely bonded
together.

Granular Ice 1s composed of coarse, more or less equidimensional, ice crystals weakly bonded
together.

Iea Lnnqn- ara ‘nnhru]nr {ra Inrmatinng in anil nr-ﬂnrnnn ocunnh-ﬂu nu«u“a? tn onnh otha er, goners alles

arala -2y

normal to the direction of heat loss and commonly in xepea&ed layers

Ice Segregation is the growth of ice as distinct lenses, layers, veins, and masses in soils commonly
but not always, oriented normal to direction of heat loss.

Well-bonded sgigrifies that the soil particles are strongly held {ogethe: by the ice and that the frozen
soll possesses relatively high resistance to chipping or breaking.

Poorly-bonded signilies that the soil particles are weakly held together by the ice and that the
frozen soil consequently has poor resistance to chipping or breaking.

Friable denotes extremely weak bond between soil particles. Material is easily broken up.

Excess Ice signifies ice in exceas of the fraction that would be retained as water in the soil voids upon
thawing.

For a more complete list of terms generally accepted and used in current liferature on Frost and

Permafrost see Hennicn, F. “FROST AND PERMAFROST DEFINITIONS”, Highway Research Board,
Bulletin 111, 1955.

XV
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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, waterfowl or fishery resource area which is acknowledged as being "critical”
is outlined in red and is noted with the word "critical" within the boundary of the

respective area. Non-critical areas are outlined as follows:

- Wildlife areas are outlined in red.

- Waterfowl areas and, in the case of Fort Simpson, hunting locales, are outlined
in yellow.

- Fishery resource areas are outlined in blue.

Ovutlined wildlife areas 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 Areos.

xvi
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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:
T_ _________ 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.

Indicates migration routes; waterfowl and fishery resources.

Indicates known or potential spawning areas or domestic

fishing locales.

Pertinent wildlife areas are discussed in the Methodology-Evaluation section of the text
in each community report. Similar documentation is also presented for sites which occur

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 that are classified as "critical” are so noted on the maps.
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

otherwords, the area below the boundary line is of signifi-

xvii
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cance to wildlife. -

— 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 to waterfowl.

@ --------- Indicates broad migration flyways utilized by waterfowl .

Significant 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 report. Similar documentation is also presented for sites which

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