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1.0 SUMMARY

This report summarizes the results of a drilling
program in Tuktoyaktuk Harbour, N.W.T. which was undertaken
to identify and delineate sources of granular materials
potentially available by dredging. This study represents
the third phase of the granular materials inventory for
Tuktoyaktuk initiated by the Department of Indian Affairs

and Northern Development during 1977.

Four potential borrow sources were identified,

3 (824,000 ya’) unfrozen

containing a total of 630 000 m
granular materials. BAll potential borrow sources contain
fine to medium sands with variable gravel and silt content,

and are suitable for general backfill, granular subbase and

pads for light loading conditions.

Development of two potential borrow sources was
considered by cutter suction dredging and by clam bucket
dredging. The current range of costs for material placed in
the Land Assembly area of Tuktoyaktuk, or other stockpile

3

sites, was estimated at $3.45 to $6.9%0 per m~- ($2.67 to



$5.33 per yd3) by cutter suction dredging, and $3.90 to

$7.80 per m3 ($3.00 to $6.00 per yd3) by clam bucket dredging.
These cost estimates were developed for dredging equipment
presently operating in the Tuktoyaktuk area, and it was
assumed that such equipment will still be available in the

area for this project.

An environmental overview of the dredging opera-
tions indicates their impacts to be very limited, and a
reclamation plan is proposed for disturbed areas after

depletion of stockpiles.



2.0 INTRODUCTION

During 1977, the Government of Canada, through the
office of the Department of Indian Affairs and Northern
Development (DIAND), commissioned R. M. Hardy & Associates
Ltd. of Calgary to carry out an assessment of granular
material sources in the vicinity of Tuktoyaktuk, N.W.T. The
principle objective of the initial phase of the study was to

3 (10,000,000 ya’) of sand and

locate at least 7 600 000 m
gravel, with an emphasis on finding major deposits or
stockpiling sites with year-round access from Tuktoyaktuk.
This phase of the work encompassed a study area within a

48 km (30 mile) radius around Tuktoyaktuk, N.W.T., and
included an investigation of granular deposits on land, near-
shore and offshore. The report on the first phase of the
study identified 22 potential sources of granular materials,
and was completed in August 1977. This report identified

the sediments in Tuktoyaktuk Harbour as a primary potential
source of granular materials (Deposit 162), and further
investigation was recommended to define gquality and quantity

of available materials.



As the initial stage to further investigate
Deposit 162, DIAND authorized a geophysical survey of
Tuktoyaktuk Harbour. The report covering the second phase
of the granular inventory was submitted during March 1978.
The geophysical survey provided bathymetric data and sub-
bottomlprofiles of near surface stratigraphy representing
lower density materials overlying higher density materials.
Based on previous geologic assessment of the study area, it
was concluded that the low density materials are silts and
clays, while the higher density materials are sands and
gravels. From the geophysical data, areas of minimum low
density material thicknesses located in suitable water
depths were identified as potentially preferred areas for
dredging granular materials., A field drilling program was
recommended to identify the quality of granular materials in

these areas.

The results of the field drilling program in
Tuktoyaktuk Harbour and the recommendations regarding the
development of granular resources which were identified in

the harbour bottom sediments are presented in this report.



Authorization to proceed with the Phase III study
was received by Hardy Associates (1978) Ltd. on January 11,
1979 from Supply and Services Canada, under Contract Serial

Number 0SU78-00304.



3.0 SCOPE

The principle objectives of this study were to:

a) provide limited ground truthing data of harbour bottom
sediments previously delineated by the 1977 Geo-
physical Survey,

b) correlate bottom sampling data with the geophysical
survey data, and extrapolate these data over the
study area,

c) identify quality of granular materials within the
harbour bottom sediments,

d) delineate areas potentially suitable for extrac-
tion of granular materials by dredging and define
guantities available within the borrow areas
identified,

e) provide recommendations concerning development of
granular materials by dredging, and

£) assess environmental considerations related to
dredging activities.

Following completion of field work, preliminary
findings were discussed with DIAND representatives. _Based
on these discussions, directions were received to consider
two potential areas for development by dredging. Pirstly,

3 (100,000 ya3) of material

dredging of approximately 76 500 m
suitable for the Land Assembly area in the Hamlet of Tuktoyaktuk,

to be dredged from the vicinity of Conn Island. Secondly,



-

dredging and stockpiling of approximately 191 000 m3

(250,000 yd3) of material suitable for general fill, to be
used over a five year period. The source of this material
would be south of Fort Hearne Island along the east shore of

Tuktoyaktuk Harbour, with stockpiling to be on the east

shore,
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4.0 PERSONNEL

Project management was carried out by Mr. T. J. Fujino,
P.Eng., of Hardy Associates (1978) Ltd. His responsibilities
included management of the project team, administration of

the contract and cost control.

Mr. N. Hernadi, P.Eng., of Hardy Associates (1978)
Ltd., as project engineer, was responsible for planning and
supervising the field work, coordinating input from sub-
contractors, subconsultants and specialists, and preparing

the final report.

Mr. G. Daw, P.Eng., of Hardy Associates (1978)
Ltd., was the party chief during survey of test hole loca-

tions and the field engineer during drilling operations.

Mr. A, Costin, of Hardy Associates (1978) Ltd.,

surveyed the test hole locations.

Dr. V. N. Rampton, of Terrain Analysis and Mapping
Services Ltd., the geological subconsultant to Hardy Associates

(1978) Ltd., provided geological input for delineation of



potential borrow sources and for identification of potential

stockpile areas. He also reviewed the study findings and

recommendations.

Dr. P. McCart, of Aquatic Environments Ltd., was

retained as a subconsultant to assess the impacts of dredging

activities on the aquatic environment.
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5.0 INVESTIGATIONAL PROCEDURE

5.1 Field Work

5.1.1 Planning

Based on the previously obtained geophysical data,
33 test hole locations were selected for harbour bottom
sampling from the ice surface. A tentative schedule for
survey and field drilling was established for February 1979.
This was followed by reviewing the proposed field work with
the local residents. The meeting with the Hamlet of Tuktoyaktuk
council, on February 5, 1979 was attended by Mr. C. J. Cuddy
(DIAND, Inuvik), Mr. R. T. Barnes (Fisheries & Environment
Canada, Inuvik) and Mr. N. Hernadi (Hardy Associates,
Calgary). A brief presentation was made to the Council on
the proposed investigation, and their acceptance of the
proposed scope of the drilling program was obtained. The
test hole locations were then finalized in consultation with

Dr. V. N. Rampton, the geological subconsultant.

- 10 -



Approval to proceed with the field work was
received on February 7, 1979 from Mr. A. E. Ganske (Regional
Manager, Land Resources, DIAND, Yellowknife), and the
schedule for field work was finalized for the period of

February 12 to 23, 1979.

5.1.2 Survey of Test Hole Locations

Survey of test hole leocations was carried out
between February 12 and 17, 1979, by a two-man Hardy Associates
survey crew, assisted by a local resident who acted as
driver and helper. Surveying was by the traverse method
using parallactic distance measurements, which resulted in
an accuracy of #10 m in locating test holes. The surveyed

test hole locations are shown on the site map.

5.1.3 Field DPrilling

The field drilling program was conducted between
February 18 to 24, 1979. Drilling was carried out on a 24
hour basis utilizing two shifts per day. Each drill crew

consisted of the Hardy Associates field engineer, a driller

- 11 -



and drill helper. The drill crew and equipment was con-

tracted from SDS Drilling Ltd. of Calgary.

All 33 test hole locations were drilled success-
fully. The depth of drilling Below ice surface ranged
between 9.0 and 17.3 m, and sediment penetration averaged

6.0 m.

The drilling equipment utilized was a winterized
Mayhew 500 Heli-drill equipped with mud pump for wet drilling.
The drill rig consisted of two tent-enclosed sleighs. The
larger sleigh housed the rig and mud pump. The smaller
sleigh housed a Herman-Nelson heater and light plant, and
also served as storage space. Water for circulation was
obtained directly from the harbour after augering through
the ice. The drill rig was towed by a Caterpillar 966C
loader, which was also used to snow plow the ice surface to

provide access to test hole locations.

The drill rig was mobilized from Inuvik, and

drilling personnel were transported from Calgary.

- 12 -



The drilling procedure involved augering two 14 cm
diameter holes approximately one metre apart through the
ice. The first hole served as access for the mud pump
suction hose, with the second ice hole being the drill hole.
Test holes into the harbour bottom sediment were advanced by
wet drilling, usually utilizing 12 cm insert bits. Casing
and drilling mud were on hand if drilling conditions required
their use. However, it was possible to keep all test holes

open to a sufficient depth without setting casing.

Since undisturbed samples were not required and
frozen soils were not encountered at any test hole location,
samples were obtained predominantly by driving a 5.1 cm
diameter split spoon sampler into the soil. This sampler is
advanced by a standard driving energy of 475 Nm per blow and
the number of blows required to advance the sampler provides
an estimate of relative density (or consistency) of the soil
strata encountered (ASTM D1586, Standard Penetration Test).
This method of sampling was employed successfully in strata

consisting predominantly of sands.

- 13 -
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In strata of gravelly soils, some samples were
obtained by rotating a 7.6 c¢m diameter thick-walled Shelby

tube fitted with cutting teeth into the soil.

Thin walled 7.6 cm diameter Shelby tubes were
pushed into the soil hydraulically to obtain samples of soft
sediments. As well, bulk samples of soft materials, and
occasionally of sand, were obtained by rotating an insert
bit into the so0il without circulation, thus allowing the

lower portion of drill stem to become plugged.

Other sampling tools which were available included
piston samplers, 10 cm diameter thick and thin walled Shelby

tubes and an 8.9 cm diameter split spoon sampler.
All samples were logged, labelled and packaged,

and were allowed to freeze prior to shipping at completion

of the drilling program.

5.1.4 Logistics Support

All travel by Hardy Associates (1978) Ltd. per-

sonnel and SDS Drilling Ltd. personnel, as well as freight

- 14 -



shipments, were by PWA scheduled air service between Calgary
and Inuvik. Personnel and freight transport between Inuvik
and Tuktoyaktuk was over an ice road using a 4x4 crew cab
truck rented in Inuvik. The drilling rig was trucked

between Inuvik and Tuktoyaktuk.

E. Gruben's Transport, a local contractor, pro-
vided room and board for the field personnel, as well as
diesel fuel and services for minor repairs to vehicles and
equipment. Support eguipment obtained locally included a
bombadier during the survey phase and a Caterpillar 966C
loader during the field drilling program. Gasoline was

obtained directly from the Hamlet of Tuktoyaktuk.
The survey crew was mobilized to Tuktoyaktuk on
February 11, 1979, and demobilized to Calgary on February 25,

1979, at the completion of drilling.

5.2 Laboratory Testing

The testing program on samples returned to our

laboratory included the following tests:

- 15 -



b)

c)

d)

Mechanical grain size analysis

Grain size analysis of fines
by the hydrometer method

Plastic limit of fines

Liquid limit of fines

ASTM C-136

ASTM D-422

ASTM D-424

ASTM D=-423

All tests were performed according to the applic-

able ASTM (American Society for Testing and Materials)

procedures published in the current Annual Book of ASTM

Standards.

test

The results of the laboratory testing program are

included in Appendix A.

- 16 -



6.0 ASSESSMENT OF DATA

Detailed soil profile logs for all test hole
locations are included in Appendix A. An explanation of
symbols and terminology used on the test hole logs is given

in Appendix B.

6.1 Nature of Granular Materials and Overburden

At most test hole locations the upper stratum of
harbour bottom sediments is comprised of a soft, low plastic,
grey, clayey silt. The thickness of this stratum ranges
from as little as 0.2 m (TH3) to the full depth of drilling
into the sediment of 8.7 m (THE6}. However, in most test
holes, the thickness of the initial soft sediment stratum

ranges between 0.2 to 3.0 m, averaging 1.6 m.

The materials encountered below the soft sediment
are generally sands of various gradation, and variable silt
and gravel content. At these locations the interface between
soft silts and denser sands is frequently not well defined,
but tends to be a transition zone, usually less than 1 m in
thickness, of increasing density and sand content with

depth.



At a few test hole locations (TH4, 7, 9 and 28}, a
distinct interface between the upper silt stratum and the
underlying material is marked by a thin gravel stratum
ranging between 0.3 and 1.5 m in thickness. These gravel

strata are usually underlain by sand.

Frequently, a gradual change in texture of the
sands was noted with depth. Where a textural change was
encountered, the upper 1 to 4 m portion of the sand profile
has a wider distribution of particle sizes, including gravel
sized particles. The underlying sand is usually poorly
graded, fine-grained and variable in silt content. This
textural change is typical of the depositional sequence of
surficial materials over much of the study area, which

consists of glacial outwash overlying deltaic sands.

The angularity of the coarse sand and gravel sized
particles is characterized predominantly as subrounded to
subangular, with minor components of rounded as well as

angular particles.

Grain size distribution determinations were

carried out on samples returned to our laboratory. The

results of these analyses are included in Appendix A.
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6.2 Correlation with Geophysical Data

Data from the field drilling program were cor-
related with the previously obtained geophysical data for
water depth and soft sediment thickness. Very goed agree-
ment was noted between the drilling and geophysical data,
with an accuracy of *1 metre, where test holes were located
at or in close proximity to geophysical survey lines. Thus
the geophysical data was used to extrapolate the test hole
data over the study area. It should be noted that between
geophysical survey lines and/or test hole locations the
soil stratigraphy information has been inferred through

interpolation.

6.3 Identification of Peotential Borrow Sources

Four areas were identified and delineated within
the northern portion of Tuktoyaktuk Harbour as potential
borrow sources of unfrozen granular materials. These areas
contain fine to medium sands with variable gravel and silt

content, and are overlain by a thin stratum of clayey silt.

- 19 -



The granular materials within the delineated areas are rated
as "fair" for construction usage, in accordance with the

DIAND classification system {(Table Bl, page B-13, Appendix B).

The four areas identified have been designated as
Potential Borrow Sources "A", "B", "C" and "D". These areas
are outlined on the map included at the end of the report,

and are discussed in the following sections.

6.3.1 Potential Borrow Source "A"

Potential Borrow Source "A" is located adjacent to
Conn Island, and is the closest source identified to the
Hamlet of Tuktoyaktuk. The outlined borrow socurce covers an
area approximately 5.2 ha (13 acres). The water depth
within the outlined area generally ranges from 2 to 10 m,
with an overburden cover of soft clayey silt less than 2 m
in depth. Two stratigraphic sections through this area are

shown on Figures 6.1 and 6.2.

Test hole data in this area indicate that the

better guality granular materials are generally found in the

top 3 m of the soil profile, and dredging should be carried

- 20 -
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out in a manner that maximizes the recovery of these materials.
The material obtained from this area will be poorly graded,
fine to medium sands with.a variable, but significant gravel
content. Silt content will also vary. Test hole data
indicate that gravel content in this potential borrow source
could be highest among the four potential borrow sources

identified.

The quantity of granular materials available in
the top 3 m of sand within the outlined area is approxi-

mately 157 000 m> 3

(205,000 yd”). The average overburden
thickness of 1 m will yield a net recovery of 75% granular

materials, assuming an average dredging depth of 4 m.

6.3.2 Potential Borrow Source "B"

Potential Borrow Source "B" is located south of
Fort Hearne Island and extends as a narrow strip adjacent to

the east shore of Tuktoyaktuk Harbour. The outlined borrow
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source covers an area of approximately 7.8 ha (19 acres).
The existing water depth, within the outlined area, ranges
from 3 to 9 m, with an overburden thickness averaging 1 m.
A stratigraphic section through this area is shown in

Figure 6.3.

The better quality granular materials classified
as "fair" quality sands, are generally found in the upper 2
to 3 m of the sand stratum. The gquantity of granular
materials within this zone of the outlined area is approxi-

3 (262,000 yd3). Where the average over-

mately 200 000 m
burden thickness is 1 m, the net recovery of granular
materials will be in the order of 70%, assuming an average

dredging depth of 3.5 m.

6.3.3 Potential Borrow Sources "C" and "D"

Two areas designated as Potential Borrow Sources
"C" and "D" have been delineated in the central portion of

Tuktoyaktuk Harbour. Potential Borrow Source "C" is located

- 24 -
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along the east side of the harbour near the mouth of Mayogiak
Inlet, and Potential Borrow Source “DG is near the west

side, opposite Cache Point. The outlined areas cover
approximately 5.6 ha (14 acres) and 3.5 ha (9 acres), res-
pectively. Both areas aré located in water depths ranging

between 3 and 9 m, with average overburden covers of 1 m.

The better quality granular materials classified
as "fair" quality sands, in both potential sources, are
within the upper 2 to 3 m of the soil profiles. These zones

3

will yield approximately 168 000 m~ (220,000 yd3) and

3

105 000 m~™ (137,000 yd3) of granular materials from Potential

Borrow Sources "C" and "D", respectively.
With an average overburden thickness of 1 m, the

net recovery of granular materials will be in the order of

70%, assuming an average dredging depth of 3.5 m.
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7.0 DEVELOPMENT OF HARBOUR BOTTOM GRANULAR RESOURCES

7.1 Potential Borrow Sources Considered for Development

Based on discussions with DIAND representatives
following completion of field work, two potential borrow
sources were to be considered for development. These
include Potential Borrow Source "A" for 76 500 m3
{100,000 yd3) of material suitable for the Land Assembly
site in Tuktoyaktuk, and Potential Borrow Source "B" for

3 (250,000 yd3) of material to be used

stockpiling 191 000 m
as general fill over a five year period. The map at the end

of the report shows the locations of these areas.

7.2 Engineering Considerations

7.2.1 Dredging Equipment Suitability

As discussed in Section 6.0, the better quality
granular materials within all the identified potential

borrow sources are generally located in the upper 3 m of the
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soil profile, underlain by up to 2 m of clayey silt over-
burden. Consequently, to maximize recovery of the best
quality materials, the dredging technique utilized should be
capable of selectively and separately removing overburden,
and be able to dredge within a soil profile of limited

thickness.

The equipment best suited for this type of dredg-
ing operation is a cutter suction dredge. Such a dredge
employs a cutter head to loo;en the sediment and a suction
pipe to remove the loosened material. The cutter suction
assembly is mounted on a swinging ladder that can operate at
variable depth. Thus the dredging depth can be closely
controlled and separate overburden disposal éan be accom-
plished. Discharge from the dredge is through a floating
pipeline to shore. Onshore pipelines can carry the dredged

material to stockpile or overburden disposal sites.
A barge mounted clam bucket dredge could also be

considered for this work. In this method of dredging,

the clam bucket is dropped into the sediment and each bucket

- 28 -



load of dredged material is dumped into a barge for trans-
port, or directly to a stockpile site onshore. Overburden
removal is feasible with this method of dredging by casting
bucket loads of dredged material outside of the borrow area.
Controlling overburden stripping, as well as the profile and
depth of dredging within the borrow area is less precise

with the clam bucket as compared to cutter suction dredging.

Suction dredging is accomplished by jetting a
suction pipe into the sediment and obtaining material from
the cone shaped depression crater formed above the tip of
the suction pipe. This method of dredging is not well
suited for selectively removing a thin overburden cover or
dredging to a specific profile within limited depths.
Therefore, suction dredging was not considered further in

this study.

7.2.2 Development of Land Assembly Area

7.2.2.1 Dredging by Cutter Suction Method

This method of dredging produces large quantities
of slurried material, and planning for dredging operations

must include the following:

- 29 -
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a) prebuilding of starter dykes to contain the
dredged material,

b) maintaining of dykes and piling of dredged materials

during dredging operations,

c} routing of the onshore slurry pipeline to minimize
relief along pipeline route, and to accommodate
road crossings, etc.,

d) provision for an onshore pipeline to dispose
overburden material, if required, and

e) provision to drain a large volume of water from
the fill site (i.e., up to 130,000 litres per
minute) .

During dredging, the slurry discharge should be
monitored with respect to the guality of dredged materials.
Thus, if excessive fines are observed in the discharge, the
dredging pattern can be altered, or the discharge can be
directed to the overburden disposal site. Since the dredged
material is deposited as a slurry in the stockpile area,
sorting of particles sizes will occur. The coarser par-
ticles will settle in the vicinity of the discharge pipe,
while finer particles will remain in suspension longer.
Consequently, some of the fines contained in the dredged
material could be removed from the stockpile area along with

the effluent draining from the site.
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Dredged overburden and/or effluent draining from
the land assembly area could be disposed in one of the
nearby ponds. However, since large volumes of materials are
involved, provisions to remove water from the pond will be
required to preclude the possibility of flooding. Alter-
nately, overburden disposal and/or effluent drainage could
be direct into the Beaufort Sea to the west, or back to the
harbour. The environmental impacts of these alternatives

are discussed in a subsequent section.

7.2.2.2 Dredging by Clam Bucket Method

Dredging by the clam bucket method would be a much
slower and less complex operation as compared to the cutter
suction method. Materials dredged by the clam bucket could
be stockpiled onshore directly by the dredge, when the
dredge is located close to shore, or transport to shore
would be by barge, when dredging further offshore. Movement
of material onshore to the Land Assembly area would be by

trucking which may necessitate an interim stockpiling

requirement.
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If the material is granular, sufficient drainage
of the dredged material may occur during handling whereby
trucking of the material may be possible without delay to
the Land Assembly area. Where fine-grained material is
encountered by the dredge, it can be cast aside by the clam
bucket, or an alternate dredging location can be selected.
Whereas the most efficient means of dredging by clam bucket
involves excavation from a single area, thus forming a deep
cone shaped depression crater within the sediment, the soil
stratigraphy at the proposed borrow site is such that
selective dredging from the upper 3 m of the sand will yield
better gquality materials. To achieve selective shallow
dredging by the clam bucket, frequent repositioning of the

dredging barge will be required.

7.2.3 Development of General Fill Stockpile

7.2.3.1 Dredging by Cutter Suction Method

Dredging by cutter suction from Potential Borrow
Source "B" would be a similar operation to cutter suction

dredging from Potential Borrow Source "A" for the Land
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Assembly site. Consequently, the considerations discussed

in the previous section will apply.

Two sites have been selected on the east shore of

Tuktoyaktuk Harbour as potential stockpile sites for materials

dredged by cutter suction, as indicated on the enclosed

map. Both sites are low lying areas nearshore, but are
beyond the limits of wave action and normal water level
fluctions as a result of tides and storm surge activity.
These sites have been selected to minimize pumping distance
and pumping height for the dredged slurry. Both sites
represent inset thermokarst basins within a flat sandy
outwash bench capped with silt. Some peat is present in the

lower lying areas.

The northerly potential stockpile site covers in
the order of 5.2 ha (13 acres) and the southerly site is
approximately twice that size. Either site could accom-
modate 191 000 m> (250,000 yd>) of dredged material with the

height of stockpile not exceeding 4 m.
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Drainage of effluent associated with stockpiling
at the northerly site could be accommodated in a pond immedi-
ately to the east of the stockpile area. Alternately,
effluent drainage could be directed back into the harbour.
There are no ponds adjacent to the southerly potential
stockpile site, consequently effluent drainage from this
area must be returned to the harbour. The dredged over-
burden could be disposed into a nearby pond through a
separate pipeline regardless of the stockpiling location, or
it could be returned into the harbour. If a pond is used
for effluent drainage and/or overburden disposal, provisions
to drain water from the pond will likely be required, to
accommodate the large volumes of water and soil that will be
deposited in the pond. The environmental impacts of effluent
and overburden disposal are discussed in a subsequent

section.

Prainage of the dredged granular material will be
relatively rapid at the stockpile site. It is therefore
anticipated that use of the stockpiled material can commence

shortly after dredging operations are complete.
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The stockpiled material will be difficult to rip
when frozen. Therefore, removal of stockpiled material will
probably be limited to a summer operation involving trans-
port by barge, unless blasting of the stockpile is con-

sidered during winter.

7.2.3.2 Dredging by Clam Bucket Method

Dredging by the clam bucket method from Potential
Borrow Source "B" will be a similar operation to that
discussed in Section 7.2.2.2, and will require transport by

barge to the stockpile site.

Since the production rate of a clam bucket dredge
is relatively low compared to cutter suction dredging, clam
bucket dredging from Potential Borrow Source "B" could be
carried out as fill material is required on a yearly basis,
as opposed to stockpiling a five year supply of material.
Using this method of dredging from Potential Borrow Source
"B", stockpiling should then be at a locaﬁion accessible to
the user site by overland road during summer. This will
preclude barging the dredged material on two separate occa-

sions.
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7.3 Availability of Dredging Equipment

Northern Construction Company of Vancouver, B.C.
currently operates an Ellicott Series 3000, "Super-Dragon",
cutter suction dredge which is based out of Tuktoyaktuk.
This vessel is self-propelled, with a dredging depth range
of 1.5 m and 18 m. This dredge has a 0.61 m suction pipe
bore, and is capable of dredging aggregate at a rate, in
excess of, 15 300 mS/day (20,000 yd>/day). Up to 1500 m of
discharge line can be used without a booster pump, if pump-
ing above sea level does not exceed heights in the order
of 5 m. A small tender tug is required as support to assist
in anchor relocation, as well as for fuel supply and to
ferry personnel. This dredge is under contract to Esso
Resources Canada Limited for the 1979 summer season. How-
ever, it may be available for dredging in Tuktoyaktuk
Harbour after break-up until approximately July 15, 1979,

and after October 1, 1979 until freeze-up.

Northern Construction Company does not currently
have committments for their cutter suction dredge in the
Tuktoyaktuk area beyond the 1979 season. Consequently, this

dredge may be moved out of the Tuktoyaktuk area during 1980.
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However, the dredge may be available for harbour dredging

during 1980, prior to its demobilization.

Arcnav Marine Limited of Calgary operates a barge
mounted c¢lam bucket dredge in the Tuktoyaktuk area. Current
committments for this dredge indiéate that this unit would
likely be available for harbour dredging during 1979, as
well as during 1980. The estimated daily production rate

3

for this dredge is in the order of 1500 m~ (2,000 ydB).

7.4 Economic Considerations

The cost of dredging granular materials from
Potential Borrow Source "A" for the Land Assembly site has
been estimated by Northern Construction Company to be in the

3 ($2.00 to $4.00 per yd3) for

order of $2.60 to $5.20 per m
dredging during 1980, using their cutter suction dredge
presently operating in Tuktoyaktuk. This estimate includes
the onshore work and represents the cost of the material in
place at the Land Assembly site. Since the net dredge

production may only be in the order of 75% due to the

necessity for overburden removal from the borrow source, the
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actual cost of dredged material in place at the Land Assembly
site may rise to the order of $3.45 to $6.90 per n’ ($2.67

to $5.33 per yd3). This range of costs would also apply to
granular material dredged from Potential Borrow Source "B"
and stockpiled on the east shore of Tuktoyaktuk Harbour. It
should be noted, however, that this cost estimate is only
valid if Northern Construction Company's dredge is available

in the Tuktoyaktuk area.

On the basis of their clam bucket dredge, presently
operating in the Tuktoyaktuk area, Arcnav Marine Limited has
estimated the current in place cost at the Land Assembly

site for granular materials dredged from Potential Borrow

Source "A" at $3.90 to $7.80 per m3

yd3). Unit costs at the high end of the estimate apply

($3.00 to $56.00 per

when barging of dredged material is required. This cost
estimate alsc applies for clam bucket dredging from Potential

Borrow Source "B" and barging to a stockpile site,
Barging of stockpiled material across Tuktoyaktuk

Harbour, including onshore handling costs, is currently

estimated at $2.60 to $3.90 per . ($2.00 to $3.00 per yd3).
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7.5 Environmental Considerations

7.5.1 1Impacts of Dredging on Shoreline Erosion

Since the better gquality granular materials are
found in the upper portion of the soil stratigraphy, the
recommended depth of dredging for both development areas,
Potential Borrow Sources "A" and "B", is limited to approxi-
mately 4 to 5 m. This includes 1 to 2 m of overburden and
3 m of granular materials. Consequently, since the harbour
bottom profile will not be altered significantly as a result
of dredging, the existing current and wave patterns should
not be affected, and the impacts of the proposed dredging on
shoreline erosion should be negligible. As a precautionary
measure for nearshore dredging operations, it is recommended
that dredging to the full depth of 5 m below the existing
harbour bottom be allowed only at distances greater than

30 m beyond the shoreline.

7.5.2 Impacts of Dredging and Stockpiling
on the Aquatic Environment

There have been a number of studies describing

communities of organisms found along the Beaufort Sea coast
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of the Tuktoyaktuk Peninsula but few include sample data for
stations within the harbour itself. None of which includes
site-specific data for the precise areas within the harbour
where dredging activity is planned. The following dis-

cussion is, therefore, general in nature.

7.5.2.1 Outline of Biological Information

Wacasey (1975) has divided the marine environment
of the southern Beaufort Sea into four zones, on the basis
of physical and biological parameters. Tuktoyaktuk Harbour
and indeed the whole shoreline of the Tuktoyaktuk Peninsula
lie within the area which he designates as the Estuarine
Zone which extends out to depths of 10 to 15 m. Because of
the influence of fresh water from the Mackenzie River,
salinities within this zone are usually under 20%o {(parts
per 1000) and may be as low as 0.1%o0 in Kugmallit Bay.

On July 20, 1973, for example, salinity within the harbocur
was 16.5%o0 at a temperature of 4.6°C, while offshore in
the bay, salinity was only 5.0%o at a temperature of 10.0°C.

This information, together with some biological data, suggests
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that Tuktoyaktuk Harbour is a protected embayment, char-

acterized by relatively stable environmental conditions. As

such, it might be expected to be more productive biologically

than Kugmallit Bay and the more exposed coastline of the

Tuktoyaktuk Peninsula, particularly of those organisms which

have difficulty adapting to wide fluctuations in temperature

and salinity and to heavy sediment loads.

Among the major groups of animals which might be

affected by dredging activity are:

2)

The zooplankton. Grainger (1975) reports that
protected inshore stations, including Tuktoyaktuk
Harbour, supported much greater densities of
zooplankton than did offshore stations but that the
number of species taken was very small (i.e., a

maximum of 3 in Tuktoyaktuk Harbour).

Zoobenthos. Wacasey (1975) summarized data con-
cerning the diversity and biomass of zoobenthos in
the southern Beaufort Sea (Table 7.1). Both the

diversity and biomass of zoobenthos tend to be
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TABLE 7.1

Summary of Data Describing Zones in Southern Beaufort Sea (from Wacasey, 1975)

Zone Water Depth Salinity Temperature No. of Biomass
(m) (% o} (°C) Species per Range  Average
Station (g m=2) (g m—2)
Estuarine 0-15 0.1-20 up to 16.6 1-32 0.1-20 2
usually <20
Transitional 15-30 20-30 7.0 to ~1.58 20-40 1-20 5
Marine 30~-200 30-33 -0.1 to -1.58 3-81 1-72 14
Continental

Slope 200-900 34-35 -0.31 to 0.40 31-53 1-8 4




lowest in the Estuarine Zone. His figures indicate
little difference in either parameter between
samples taken in Tuktoyaktuk Harbour and offshore

in Kugmallit Bay. He does note, however, that in
Mason Bay, another protected embayment on nearby
Richards Island, biomass values for the zoobenthos
are higher than the average for the entire Estuarine

Zone.

The zoobenthos, which in shallow nearshore environ-
ments in the Arctic live primarily in rather than
on the bottom substrate, are the group most sensi-
tive to the effects of dredging. They may be
removed along with the excavated materials or

smothered by accumulations of displaced sediments.

Fish. Galbraith and Fraser (1974) toock 12 species
of fish in Tuktoyaktuk Harbour in 1974. Of these,
seven (Coregonus autumnalis, C. sardinella, C.
clupeaformis, C. nasus, Stenodus leucichthys, Lota
lota, and Myoxocephalus quadricornis) can be con-

sidered to be predominantly freshwater and/or
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anadromous, and five (Osmerus mordax, Eleginus
gracilis, Liopsetta glacialis, Platichthys stellatus,
and Acantholampenus mackayi) can be considered to
be predominantly marine. The whitefishes and
ciscoes (Coregonus sp. and Stenodus sp.) are very
important to domestic fisheries in the area. It
is likely, however, that these species, which

are able to utilize a diversity of foods and which
spawn in fresh water well away from the harbour,
are less sensitive to the effects of dredging

than some of the marine species which are more
dependent on the benthos for food (i.e., the flat-
fishes Liopsetta and Platichthys) and which are

more likely to spawn within the harbour itself.

One species which was not taken in the harbour
but which sometimes occurs in large numbers in

the vicinity of Tuktoyaktuk is the herring (Clupea
harengers). Hunter, as guoted in Galbraith and
Fraser (1974), suggests that its appearance is

associated with spawning.



Jones and Den Beste (1977) studied fish popula-
tions at Tuft Point.on the Tuktoyaktuk Peninsula
approximately 40 km northeast of the town of
Tuktoyaktuk. The general conclusions of the study
were that coastal waters in the vicinity of Tuft
Point support a relatively abundant and diverse
fish fauna (16 species). The region is of
particular importance as a rearing area for the
juveniles of anadromous species such as c¢iscoes,
whitefish, and inconnu. The most important fish
habitat zones are the nearshore shallows including
bays and lagoons and the entrance areas of bays
and lagoons. Fish are not nearly as abundant in

offshore areas.

7.5.2.2 Potential Impacts and Mitigation

No site-specific bioclogical work has been done in
the area where dredging activities are proposed, and the

following recommendations are necessarily general.
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Dredging will result in the removal of substrate
along with those organisms which live within and, to some
extent, on it. It will also lead to a marked increase in
suspended solids loads causing sedimentation of substrates
and increased turbidity in the vicinity of the dredging
activity. Phytoplankton production would be reduced within
the turbid area surrounding the dredging activity as a result
of reductions in light penetration. Among the animals,
the zoobenthos which inhabit the substrate would be most
affected by this activity both by their removal along with
dredged materials and by smothering in nearby areas of sedi-
mentation. Except for the possibility that spawning areas
of some of the marine species might be destroyed, fish,

which are highly mobile, would be least affected.

The impact of dredging activity can be reduced by:

a) minimizing the area of disturbance,

b) minimizing the time period over which disturbance
occurs, and

c) using methods which minimize suspended solids
loads and sedimentation of surrounding areas.
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Overburden and dredging effluent disposal would
probably be most damaging if it occcurred within the harbour
where sedimentation rates are likely to be lower than at
offshore sites in the Beaufort Sea. If disposed of into the
harbour, the existing substrates in the disposal areas

should be similar to the sediments in the turbid water.

Disposal of turbid water in the Beaufort Sea
would probably be less damaging than disposal in the harbour
because offshore locations and the communities inhabiting
them are already subject to greater environmental vari-
ability and greater sedimentation rates than those within
the harbour. Disposal in this area would be best timed to
coincide with early summer peaks in sﬁspended sediment loads

originating from the Mackenzie River.

Disposal on land would, of course, have the least
effect on aquatic organisms. If a pond is used for dis-
posal, it should be one which is relatively shallow and there-

fore fishless and has no direct connections to streams.

Overburden and effluent disposal from the stock-

pile sites should be placed so as to minimize impact on
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Fresh Water Creek. Where necessary, berms and ditches should

be provided to reduce drainage intc natural waters.

7.5.3 Impacts of Dredging and Stockpiling
on the Terrestrial Environment

A preliminary assessment of the terrestrial environ-
ment in the vicinity of the stockpile and Land Assembly
sites was made on the basis of literature review, interpre-
tation of aerial photographs and examination of some photos
taken on the ground. Site-specific data have not been
collected, therefore the following discussion is general

in nature.

7.5.3.1 Description of the Environment

The vegetation of the stockpile and Land Assembly
areas is characterized by sedge moss meadows. These meadows,
typical of much of the coastal plain beside the Beaufort
Sea, are made up of a closed cover of sedges, cottongrass

and moss, together with some shrubs (Corns, 1974). Active



layers are thin (<0.6 m) and ground ice is present in the
form of wedges and lenses., It is the ice wedges that give
some of these areas the characteristic pattern of low centre
polygons. The soils are poorly drained and high in organic

matter content.

Regionally swans, ducks and geese use the exten-
sive wet meadows and low centre polygon areas for nesting,
feeding and staging (DIAND, 1972). Since the proposed sites
are small and close to Tuktoyaktuk they may, at most, be

used occasionally by nesting swans or ducks.

Caribou do not use these areas extensively probably
because of the proximity to Tuktoyaktuk. Arctic ground
squirrels, arctic fox and lemmings may utilize dry slopes

and hilltops adjacent to the stockpile sites.

7.5.3.2 Potential Impacts

The vegetation of the proposed sites will be
destroyed by stockpiling and some vegetation on small

adjacent areas is likely to be killed by siltation. The

- 49 -



impacts of this development on the vegetation are quite
small and localized because this plant community type is
very common along the coastal plain. The Land Assembly area
which will eventually be used for a housing development will
be permanently altered. The biological productivity of the
stockpile sites will be restored at least in part by the
mitigative measures including revegetation outlined in the

section on reclamation.

No significant impacts on birds or mammals are
anticipated adjacent to the Land Assembly area or stockpile
sites because of the low utilization and small areas involved.
If a pond is used for overburden and effluent disposal,
siltation and introduction of salt water will occur, and
although the pond will remain intact it is likely to be
shallower. The impacts of altering one or two small ponds
in this manner should be of little or no significance

regionally to nesting or migrating birds.

7.5.3.3 Reclamation

Since the Land Assembly area will be used for a

housing development reclamation is not necessary. Stockpile
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siﬁes, silted areas where natural vegetation has been
smothered, and the roadbed utilized for removal of stock-
piled material will require reclamation. The recommended
approach is to establish a seeded plant cover on these areas
which will encourage the natural invasion of plant species

native to the area.

As preparation for seeding, the site should be
deeply ripped with a caterpillar mounted ripping tool. This
will serve to mix some native soil high in organic content
with the layer of coarse material remaining on the surface
after cleanup, thereby improving fertility and moisture
holding capacity of the surface materials. This operation
would be most succeésful when done in late fall after frost
has penetrated 10 to 15 cm into the surface but before the
entire active layer is frozen. Clods of soil generated by
ripping at this time would provide a roughened surface that
would reduce the potential of wind erosion and provide
protected microsites for the establishment of seeded and

native species.
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Seed and fertilizer should be applied by broadcast
in late fall, immediately following ripping. The recom-
mended seed mixture includes Boreal creeping red fescue,
Nugget Kentucky bluegrass, Fairway crested wheatgrass and
Engmo timothy in a 2:2:1:1 ratio, by weight, applied at
56 kg/ha (50 lb/ac). Fertilization should be with a
14-28-14 mix of N, P205 and KZO' applied at 440 kg/ha
(400 1lb/ac), at the time of seeding and again at the begin-
ning of the second growing season. Annual monitoring of
revegetation success for the first two years is recommended.
Although the seed mix includes species that are winter hardy
{Younkin, 1976} and species with moderate tolerance to
saline soil conditions, harsh climatic and site conditions
may require that portions of the site be reseeded or that

fertilization be continued for more than two years.
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8.0 CONCLUSIONS

The field drilling program in Tuktoyaktuk Harbour
vielded data to identify the gquality of granular materials
in the harbour bottom sediments, and to delineate locations
and quantities of unfrozen granular materials potentially
recoverable by dredging. The study also provides data on
engineering, economic and environmental considerations of

developing two potential borrow sources by dredging.

Large quantities of unfrozen, poorly graded fine,
and fine to medium sands of variable silt content were
located below a stratum of clayey silt in most portions of
the study area. Using the DIAND criteria for classification
of granular materials, these sands are rated as "poor" to
"fair" for construction purposes. Concentrations of "fair"
quality, poorly graded, fine to medium sands with variable
gravel and silt content were identified in some locations,
and discontinuous thin strata of poorly graded gravels were

located in scattered areas.
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Four potential borrow sources were delineated,
containing a total of 630 000 m°> (824,000 yd>) unfrozen
granular materials. All potential borrow sources contain
fine to medium sands with variable gravel and silt content,

and are suitable for general backfill, granular subbase and

pads for light loading conditions.

Development of two potential borrow sources was
considered by cutter suction dredging and by clam bucket
dredging. The current range of costs for material placed in
the Land Assembly area of Tuktoyaktuk, or other stockpile
sites, was estimated at $3.45 to $6.90 per m3 ($2.67 to
$5.33 per yd3) by cutter suction dredging, and $3.90 to

3 {$3.00 to $6.00 per yd3) by clam bucket dredging.

$7.80 per m
These cost estimates were developed for dredging equipment
presently operating in the Tuktoyaktuk area, and it was

assumed that such equipment will still be available in the
area for this project. The unit cost cf dredging granular

materials would certainly be increased if dredging equipment

had to be mobilized to Tuktoyaktuk from southern bases.

An environmental overview of the dredging opera-

tions indicates their impacts to be very limited, and a

reclamation plan is proposed for disturbed areas after

depletion of stockpiles.
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The volume of "fair" gquality granular materials
identified as recoverable by dredging falls short of the
initial study objective of locating at least 7 600 000 m3
(10,000,000 yd3) of sand and gravel in the Tuktoyaktuk area.
Based on current discussions, such large gquantities of
granular materials may not be required in the very near
future. As the need for more granular material arises, the
upland deposits of granular material which have been iden-

tified on the east shore of Tuktoyaktuk Harbour should be

investigated in detail for future development.

AGINEERS,
THYSICISTS
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TEST HOLE LOG

s |8 eE z| =
E 2 E >0 | wo =
z |281%g MATERIAL L22E| T OTHER
B |32 DESCRIPTION g2 22 & INFORMATION
W =n| Ny
Q (=]
“le |8 53| ©
ICE
1.7
s WATER i
4 4
5 61 — ]
ML SILT clayey, grey
8-8
- SM |~lll SAND fine grained, some gravel to 4 cm 7
: size, silty cl ;:;’ Grain size analysis
8 4
| fine to medium grained, little fine 9.05-
gravel Dl Some slough in sample
3 | Grain size analysis
10 -
. SAND fine grained
12 =
N=49
D2 12':&_, Grain size analysis
Bottom of Hole at 13.15 m depth
14 .
16 -
DATE: Feb. 23, 1979 LOGGED BY: N.H. DRWN BY: PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIOMAL SERVICES

TEST HOLE NO.




TEST HOLE LOG

o Q EE Z| =
12218 olwo|
28|29 MATERIAL wZ|2E| T OTHER
= EE G e DESCRIPTION %'g E% E INFORMATION
W Za|2 wQ
S a
%1573 52| ©
ICE
17
2 WATER 4
4 - 4
4-8
- ML SILT clayey, grey ]
6 ]
6.9
7 SAND fine to coarse grained, some gravel, ]
HS. little silt
81 *little gravel to 2 cm size 855—
Dl N=25
_ 9¢- Grain size analysis
10 J SAND fine to medium grained 100
. D2 slough sample .
105 Gralin size analysis
Bottom of Hole at 11.1 m depth
12 Hole sloughing B
14 T
16 7
DATE: Feb. 22, 1979 |[LOGGEDBY: g _p. DRWN BY:  pp ryp CHKDBY: o o

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS

AND
NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

TEST HOLE NO.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES 2




i

TEST HOLE LOG

SEAE chl.z 2
2 <3 Dlwo| £
T |28|3g MATERIAL LElEE| T OTHER
E|32]e= DESCRIPTION 22|22 & INFORMATION
A=
51875 $Z| ©|°
ICE
1.7
2 WATER _]
4 ]
6 |
s | i
8-0 ; 8.0 o
MLIII” SILT claKey, soft, grey with black organj.cr Ul Grain size analysis
5519'2 streaks 9.6
101 sm i:[lztt SAND fine to medium grained, trace gravel )
I:li to 2 cm size, silt, occasional layers
N jjff clayey silt, grey .
£y
l;tl:
12 - 5&; i
f.“f
. "i‘i -
ffrfg
14 l'] ll _
Bottom of Hole at 14.1 m depth
16 n
DATE: Fek 21, 1979 LOGGED BY:  G.D. DRWN BY: P,D./vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

TEST HOLE NO.

HARDY ASSOCIATES (1978) LTD. 3

AND @ CONSULTING ENGINEERING & PROFESSIONAL SERVICES

NORTHERN DEVELOPMENT




K2

=

TEST HOLE LOG

o 18 aml z| =
s 133l2 Fofud) 2
|8 ég MATERIAL NEI R OTHER
Y ‘ﬂE o3 DESCRIPTION gg 27 E INFORMATION
u (=gl wo
o [a]
e |2 S22 ©
ICE
1-7
2 WATER —
- .
4 i
6 i
75 U1 75
g ML SILT soft, grey with biack organic ™8]
streaks
7 9-3 7]
3 9.6 , . .
] GP | °°| GRAVEL some sand, trace silt, rounded, to {Cl § Grain size analysis
0 b 2 6 cm size 10-2
° o
e 17! CLAY silty, low plastic, grey
12 Bottom of Hole at L1.7 m depth 7
14 a
16 .
DATE: Feb.,20,21,1979 |[LOGGEDBY: G.D. DRWN BY: PD/vh CHKD BY: N.H.
GOVERNMENT OF CANADA TEST HOLE NC.
DEPARTMENT OF INDIAN AFFAIRS HARDY ASSOCIATES (1978) LTO.

AND

NORTHERN DEVELOPMENT

CONSULTING ENGINEERING & PROFESSIONAL SEAVICES

4




TEST HOLE LOG

= fa |2 eS| z{ <
s 133(2 cojuel 2
&8 =8 MATERIAL w3laE]| T OTHER
E 2203 DESCRIPTION gZ|23| & | INFORMATION
0= wuQ
318”3 5% ol °
ICE
i 1.7
a WATER n
4 -
6 -
8 - 4
10-0
10 -
‘ ML SILT grey, soft
B 11.4 ra |
sM :1:':1:I SAND fine to medium grained, frequent soft ul 7
12 l;:j silt layers, black, odorous -
ik
1 T i
l:l:li:
i
12 l:;:!}l .
o 14-5
I:I:Ef:[ Dl 05| N=34
] Bottom of Hole at 14.95 m depth
16 .
DATE: Feb. 20, 1979 LOGGED BY: G.D. DRWN BY: PD/vh CHKD BY: N.1.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

AND CONSULTING ENGINEERING & PROFESSIONAL SERVICES

TEST HOLE NO.

5




TEST HOLE LOG

P Y 2 EE z|l =~
:133|% zolwd| 2
I %8 g MATERIAL w3 |ZE| OTHER
E ot o3 DESCRIPTION §§ %% E INFORMATION
al =
218713 szl ©| °
ICE
17
2 WATER ]
4 -
’ 54
6 ~{ML SILT clayey, little fine to medium grained -
sand, grey
8 4
10 4
12 B
14 =
Bottom of Hole at 14.1 m depth
16 -
- s
DATE: Feb., 21, 1979 LOGGED BY: G.D. DRWN BY: PDh/vh CHKD BY: N.H.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEFRING & PROFESSIONAL SERVICES

TEST HOLE NO.

5]
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TEST HOLE LOG

la |8 vEl z| o
z |3z|2 ralwdi 2
I |8 =9 MATERIAL walzgE| T OTHER
E 22|93 DESCRIPTION £2|32| 5| INFORMATION
ANl = no
° 12718 5% °°
ICE
. s 4
2 A WATER .
4 - i
6 N
) s 5
g | ML SILT clayey, soft, grey ul 78
] 95 |
GF - 99 GRAVEL
10 4 SM ];}1:} SAND fine to medium grained, silty, -
Febe occasional pebbles 23
1. -1- .I =
. % IR R 110 . ) ‘
MU BIITIL SILT some fine sand, grey Dl 1rag | GT3LD Size analysis
12 Bottom of Hole at 11.45 m depth -
14 N
16 .
DATE: Feb. 20, 1979 ILOGGEDBY: N.H. DAWN BY:  PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS f

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

AND CONSULTING ENGINEERING & PROFESSIONAL SEQVICES

TEST HOLE NO.

7
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TEST HOLE LOG

la |2 g5 z| =
Z13z|% za|wl| 2
&8 £9 MATERIAL w2laEl OTHER
£ |92|&3 DESCRIPTION g2|22] § INFORMATION
a |e¥|5 z ©wQ Q
o |2 £Z| ©
ICE
i 17
5 WATER
24
| ML SILT clayey, soft, grey
4 -
4-5
4 SAND fine to medium grained, trace gravel
to 1.5 cm size
6 —
8 -
Dl ::: Grain size analysis
10
12 H
14 -
16 4 EBottom cof Hole at 15.3 m depth
DATE. Feb. 23, 1979 LOGGED BY: G.D./N.H. |DRWNBY: PD/vh CHKD BY:  [.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

AND ZOMNSULTING ENGINEERING 3 PROFESSICNAL SERVICES

TEST HOLE NO.

8
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TEST HOLE LOG

g |3z(= za|wd| 2
- |83|2¢ MATERIAL L3|EE| T OTHER
NI DESCRIPTION 32|22 & INFORMATION
a |39 35 #g| 4
a |2 5% ©
ICE
) 1.8
2 4 WATER - .
4 - .
6 N
8 .
9.0 |
ML [[1]{]ls.3 SILT clayey, soft, grey 93
GP oo {,5., GRAVEL cl 9-6
10 ot s 4
. SM t:.l:l SAND fine to medium grained, some silt, 105
t;}. some gravel Dl N=28
i FeFel 10-95 | . . .
535 Grain size analysis
ity
.3:1!:1}120
12 F‘ D2 209 glough sample
; ; ! a 7
SAND fine grained, poorly graded 1245 Grain size analysis
14 1
l Bottom of Hole at 14.3 m depth -
16 .
DATE: Feb. 21, 1979 LOGGED BY: N.H. PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

HARDY ASSOCIATES (1978) LTD.

TEST HOLE NQ.

AND -
NCRTHERN DEVELOPMENT

CONSULT NG ENGINEEAISNG & PACOFEISIONAL SESVICED El
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TEST HOLE LOG

- | & 4 EE 2] ~
z|32|& rolwd| 2
I (&3 £ MATERIAL walakE|l T OTHER
E 9z G DESCRIPTION %‘g 25 E INFORMATION
w2 wQ
218713 2| o] °
ICE
1.7
2 -
WATER
4 -
6 8.3 i
| ML SILT clayey, grey i
75
g | SH Iifli'it SAND fine to medium grained, some silt _
RN to 2 cm size 83
little gravel to bl il IV
] 4 Grain size analysis
10 -
12 -1
14 - .
N Bottom of Hole at 14.3 m depth -
16 - -
— =
DATE. Feb. 23, 1979 |LOGGEDBY. N.H. DRWN BY: PD/vh CHKD BY: N.L.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

TEST HOLE NOC.

10

A=-10




el

“par

e

TEST HOLE LOG

a Q EE 2| =
33|12 zo|ud| 2
: |283¢ MATERIAL nElEE| T OTHER
& |52|e2 DESCRIPTION 221221 & INFORMATION
o%|3 “el a
e {3 52| ©
ICE
1-7
2 7 WATER ]
30 4
ML SILT clayey, trace fine sand
4 44 |
SAND fine to medium grained, some gravel
to 2 ocm size
— 50 -
Dl a5 N=2? . .
Grain size analysis
6 - .
2 4
10 + B
12 Bottom of Hele at 11.3 m depth ]
Hole sloughing
14 =
16 - —
pDaTE: Feb. 23, 1979 |LOGGEDBY: N.H. DRWN BY: PD/vh CHKD BY:  N.H.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING &4 PROFESSIONAL SERVICES

TEST HOLE NO.

11




ey

"=

b

TEST HOLE LOG

_fe 18 2 n| z| =
2|33|2 rolwdg| 2
I 58 =9 MATERIAL wlak| OTHER
E g 03 DESCRIPTION gg zS E INFORMATION
a |8Y|5 "ol A
s 1 &% ©
ICE
1.7
27 WATER E
4 - m
4-8
ML SILT clayey, soft, grey, increasing _
stiffness with depth
6 - 4
8 - 4
10 + B
12 12.C
SAND fine grained
14 1a.0] Grain size analysis
Dl 14-4 | slough sample
B Bottom of Hole at 14.4 m depth ]
16 -1
DATE: Feb.23,24,1979 |LOGGED BY: G.D. DRWN 8Y:  PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSQCIATES (1978) LTD.

CONSULTENG ENGINEERNG 4 PROFESSINAL SERVICES

.

TEST HOLE NO

12

A-12




iy

TEST HOLE LOG

-z |8 &5 z| <
g (332 zofwg| 2
T &8 &‘8 MATERIAL walgE| OTHER
B |az|9= DESCRIPTION 2122\ & | INFORMATION
c |0¥|5 “2l o
s |3 52| ©
ICE

h 14 7
2 WATER i
4 i

5.7 6

6 | ML SILT clayey, soft, grey -

| Bl y
8 2. some medium grained sand, occasional 81 |

pebble, stiff

10 .
12 4 -

7 131571

D1 136 N=l4

14 .

| Bottom of hole at 14.4 m depth i
16 - -
DATE: Feb. 23, 1979 |LOGGEDBY: N.H./G.D. |[DRWNBY:  pD/vh CHKD BY: N.f{.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING 3 PROFESSIONAL SERVICES

TEST HOLE NO.

13
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il

wa

TEST HOLE LOG

|z |8 25| z| =
z 32z rolwd) =
: |28|%¢ MATERIAL L22E| = OTHER
M CE DESCRIPTION 12|122| 5| NFORMATION
a |8¥|35 8l e
a | 52| ©
ICE
1-7
2 ] WATER h
— N
4 i
6 i
8 J
10 .
11-¢ 11-0 4
Ul .
ML SILT clayey, soft, grey e
12 .
14
Bottom of Hole at 14.0 m depth
16 - -
DATE: Feb. 20, 1979 |LOGGEDSBY: 1_H. DRWN 8Y:  PD/vh CHKD BY:  N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

HARDY ASSOCIATES {(1978) LTD.

AND
NORTHERN DEVELOPMENT

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

TEST HOLE NO.

14




L%

TEST HOLE LOG

Q we
$ |32 Solub| 2
I |3 £9 MATERIAL ws E'E I OTHER
et DESCRIPTION 22|23/ £ | INFORMATION
W |=m;ld [
a187|3 52| ©
ICE
1 1-4
2 WATER )
4 4 B
6 i
- -
g i
90 4
ML SILT clayey, soft, grey
10 )
12 12:0 B
SM iﬁﬂ% SAND fine to medium grained, and silt,
131 occasional pebble, grey
ol it i
i
14 }iﬁ% 4.3 Grain size analysis
35 Dl 1478 N=14
] Bottom of Hole at 14.75 m depth
16 7]
DATE: Feb. 21, 1979 [10GGEDBY: N.H. DRWN BY:  PD/vh CHKDBY:  y.4.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

HARDY ASSOCIATES (1978} LTD.

AND
NORTHERN DEVELOPMENT

L

CONSULTING ENGINEERING & PROFESIIONA. SERVICES

TEST HOLE NO.

15

A-15




TEST HOLE LOG

—_ % (]_-; EE 4 g
2 - | & ra WQ —
: |28|%g MATERIAL n2|EE| T OTHER
& ozlea DESCRIPTION 52 2k INFORMATION
onl{= “a Q
°la 3 <Z| O
ICE
1-7
2 A ]
WATER
4 < .
6 - N
8 -
10 .
1.7
1291 ML SILT clayey, grey with bhlack organic 7
streaks .

- -
14 =
16 - Bottom of Heole at 15.6 m depth -
paTE: Feb. 22, 1979 LOGGED BY: G.D. DRWN BY: PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS HARDY ASSOCIATES (1978) LTD.

AND CONSULTING ENGINEERING & PROFESSIONAL SERVICES
NORTHERN DEVELOPMENT

TEST HOLE NO.

16




ke

+n

TEST HOLE LOG

= |e |8 of| z| =
2 |33]2 Fojug| 2
I %8 gg MATERIAL w=lzE| £ OTHER
E o2 93 DESCRIPTION %'g 25 E INFORMATION
a (o932 “Ql 4
o |3 sZ| ©
ICE
18 i
2 -
WATER

4 _]
6 63 B

| ML SILT clayey, trace fine sand |
8 i

9-0 .

. F-- gome fine sand 7

10 - -
lams

- SAND fine grained, trace silt —

12 120 Grain size analysis
D1 12.45| N=10

n Bottom of Hole at 12.45 m depth .
14 .
16 -1
DATE: Feb., 21, 1979 LOGGED BY: N.H, PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

HARDY ASSOCIATES (1978) LTD.

AND
NORTHERN DEVELOPMENT \_/

CONSULTING ENGINEERING 3 CRQFESSIONAL SERVICES

TEST HOLE NO.

-
17

A-17




TEST HOLE LOG

a |2 el z| =
z (32| ro|wd| 2
: |28 gg MATERIAL wzl|akl OTHER
£ 22| s DESCRIPTION 2Z|22| £ | INFORMATION
0¥z “Q9l &
21213 52| ©
ICE
1-7
2 7 | WATER B
4 5 .
6 ;
7-8
g 4 ML SILT clayey, trace fine sand, soft _
10 - 98 some fine sand .
12 :
14 n
E \-- occasional pebble I =
Bottom of Hole at 14.8 m depth
16 7
paTe: Feb. 21, 1979 |LOGGEDBY: N.H. DRWN BY:  PD/vh CHKD BY:  N.H.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSOQCIATES (1978) LTD.

CONSULTING EMNGINEERNG & PROFESSIONAL SERVIZES

TEST HOLE NOQ.
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TEST HOLE LOG

Q w e
o |= —-
3 |32 >3iudl 2
T |28l%0 MATERIAL LZ|EE| T OTHER
£ |S2]6S DESCRIPTION £Z(38| E INFORMATION
w |25 =0 |wno g
518%13 HI
(2]
ICE
1.7
2 WATER ]
4 .
6 4
___ |88
ML SILT clayey, trace fine sand, grey |
] 73
SAND medium to fine grained, and gravel Grain size analysis
8 to 3 cm size D2 ﬂ:s:g 71 slough sample
DL ars | N=23
. 4 Grain size analysis
10 4 Bottom of Hole at 9.8 m depth E
Hole sloughing
12 - .
14 i
18 - -
DATE: Feb. 23, 1979 |LOGGEDSBY: N.H, DRWN BY: pp /ih CHKD By:  N.H.
TEST HOLE NO.
GOVERNMENT OF CANADA (9ven L7 ES 1
DEPARTMENT OF INDIAN AFFAIRS HARDY ASSOCIATES (1978) LTD. i9
AND TONSULTING ENGINEERING & PROFESSIONAL SERVICES
NOATHERN DEVELOPMENT

A-19




TEST HOLE LOG

~la |2 bl z| =
z |31z *olwd| Z
Iz |23 gg MATERIAL walzE| OTHER
5 92|63 DESCRIPTION gz 22| & INFORMATION
owl= @\ao
218713 %Z| ©| °
ICE

1:-4
2 7 WATER 7
4 "
6 — —
g - y
10 .

110 .

ML SILT clayey, soft, dark grey

12 1 T

135

Y eAd .
14 1CL j? CLAY light grey, soft -
r‘X::, vl [s=183
16 3
Bottom of Hole at 15.8 m depth

DATE. Feb. 21, 1979 |LOGGEDBY: y j. DRWN BY:  PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PAOFESSIOMNAL SEAVICES

TEST HOLE NO.

20
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TEST HOLE LOG

- % % EE Zz 5
2 |32 Fo|wo| =
: |28]2g MATERIAL I OTHER
I DESCRIPTION 22|32\ £ | INFORMATION
ovl= "ol o
e |9 S ©
ICE
- 4
7
2 WATER 7
4 i
6 — —
19 - _ . ; Ul 8
i1 sAND fine to medium grained, silty, trace 81
fine gravel to 0.0 cm size, tarry,
black
| SAND fine to medium grained, dark grey-
brown .
D1 Pug i N=43
Bottom of Hole at 12.15 m depth
14 .
16 — .
L
DATE: Feb.19,20,1979 |LOGGEDBY: G.D. DRWN BY: PD/vh CHKD BY: NL.H.

DEPARTMENT OF INDIAN AFFAIRS

GOVERNMENT OF CANADA

HARDY ASSOCIATES (1978) LTD.

AND CONSULTING ENGINEERING 4 PROFESSIONAL 3ERVICLS

NORTHERN DEVELOPMENT

TEST HOLE NO

21

A=-21




TEST HOLE LOG

o wee
e = aw Z| =
z |3zl >o|wG| =
z |28|2g MATERIAL ot gtz OTHER
5 |ag|93 DESCRIPTION 22 28| | INFORMATION
2> 2 g u
S 1879 szl ©
ICE
1.7
2 i
WATER
4 ]
6 -
8 .
10 -
11-0 i
ML SILT clayey, soft, grey with black
-7 organic inclusions o~
12 4 HE) . . 7
su k) saND fine to medium grained, little silt,
BEE  grey
1 HEE i
!]E‘E;?E
ik
14 $E3E: 7
RN
iflf
. bR bt R
ﬁ%%fég little gravel to 3 cm size
" [31513 DL 19 | some slough in sample
Bottom of Hole at 16.1 m depth
DAaTE: Feb. 23, 19792 |LOGGEDBY: G.D. DRWN BY: ©p/vh CHKD BY: .4.
GOVERNMENT OF CANADA /’\ TEST HOLE NO.
DEPARTMENT OF INDIAN AFFAIRS HARDY ASSOCIATES (1978) LTD.
AND CONSULTING ENGINESRING & PROFESSIONAL SERVICES 22
NORTHERN DEVELOPMENT

A-22



TEST HOLE LOG

e (£ ekl z| =
z |3z|Z Zolwd| 2
r |8 =2 MATERIAL w2 gkl OTHER
B |229s DESCRIPTION 22|22| ;| INFORMATION
55| 2 ?8| o
[ s 8 5‘2': Q
ICE
. -
1-7
27 WATER .
4 - i
6 — p
8 - N
10 .
12 - =
13-8
14 1 M1, Lo 1LT clayey, trace fine sand, grey 14_4_
[~~~ =~increasing stiffness Ul 14+7
Bottom of Hole at 15.0 m depth
16 =
DATE: Feb. 20, 1979 LOGGED BY: N.H./G.D. |DRWNBY:  pp/yh CHKD BY: y.{.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

SONSULTING ENGINEERING & PROFESSIONAL SERYICES

TEST HOLE NO.

23




v

TEST HOLE LOG

s |2 en| =z
3 |33|2 zalwd| £
I %8 =9 MATERIAL w2lae| OTHER
E 2|82 DESCRIPTION %‘g 28 E INFORMATION
a |0%®|5 ag| u
o |8 s%| ©
ICE
1-7
2 7 WATER n
4 - 4
54
§ ML SILT clayey, soft, grey .
7.0 ]
SAND fine to medium grained
8 - 4
10 -1
] Cl ne—
11-4
12 A Bottom of Heole at 11.4 m depth B
14 N
16 a
DATE. Feb. 22, 1979 LOGGEDBY.  &.D. DRWN BY: PD/vh CHKD 8Y: NLH.

GOVERNMENT OF CANADA

DEPARTMENT OF INDIAN AFFAIRS
AND
NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LUD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

L

TEST HOLE NO.

24

A-24




oy

TEST HOLE LOG

o Q EE Z[| =
Z (3z|z za|wdi £
: |28|3¢ MATERIAL wZlae| 1 OTHER
E i 93 DESCRIPTION gg =2 E INFORMATION
a |9¥]5 “0l g
o g 52| ©
ICE
18
2 4
WATER
4 - E
6 _
8 80 )
ML SILT clayey, soft, grey
10 10-0 |
' SAND fine to medium grained, little
i gravel i
113
Dl nos| BE38 |
12 - 4 Grain size analysis
1420 |
T 59 a
sM 3;}13 SAND some silt, some gravel D 14.75) N3 ) .
4 EA3E: | Gralin size analysis
;gss};
HE:
16 i ke -
ik
4 $. 4 4
SR8
Bottom of Hole at 17.3 m depth
DATE: Feb. 22, 1979 LOGGED BY: N.H. DRWN 8Y: PD/vh CHKD 8Y- N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

NORTHERN DEVELOPMENT

AND

4™\ HAROY ASSOCIATES (1978) LTD.

CONSULTING ENG NECRING & PROFESSIONAL SERVICES

TEST HOLE NO.

25

A-25




TEST HOLE LOG

—ia |2 a5 z| =
2 |3z(% rolwg|
z |28|5g MATERIAL w2 |EE| £ OTHER
E|oE|o= DESCRIPTION 22|22/ £ |  INFORMATION
o {03 wo| 4
» | Q &Z| ©
ICE .
1.5
s WATER -
4 N
5-5
vl [ =5%
6 4 ML SILT clayey, grey 8
7.0 i
Sp SAND fine to medium grained Dl [==7% | slough sample
8 | ' .
10 n--- fine grained, silty |
Bottom of Hole at 10.0 m depth
7 Bit plugging up 7]
12 T
14 7
i .
16 7
DATE: Feb. 19, 1979 LOGGED BY: DRWN BY: pD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LTD.

74
) m

AND

-’

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

TEST HOLE NO.

26

A=26




L odal

wr

I

TEST HOLE LOG

3] W
- | % > a Z| =
(322 ro|ws| =
r £8|29 MATERIAL Wz BE| 3 OTHER
I DESCRIPTION gZ|28| & | INFORMATION
2215 w
518713 5% ©
ICE
146
5 ] ]
WATER
4 N
6 4
70 7-0 . . '
Ul mmamm ;. | Grain size analysis
GP|®e9 GRAVEL little sand, trace silt
O°03.0 8-0 . . .
8 Bl 84 | Grain size analySis
SAND fine to medium grained, trace silt
. D1 0 k=9
9-45
10 .
12 4 N
12.8 N=69
A D2 - Grain size analysis
Bottom of Hole at 13.35 m depth
14 7
18 .
paTeE: Feb. 19, 1979 LOGGED 8Y: G.D./N.H. DRWN BY: PD/vh CHKD BY'  [4.4.

GOVERNMENT OF CANADA
DEPARTMENT OF INDIAN AFFAIRS

AND

NORTHERN DEVELOPMENT

HARDY ASSOCIATES (1978) LITD.

CONSULTING ENG!NEERING & PROFESSIONAL SERVICES

TEST HOLE NO

27

A=-27




i

TEST HOLE LOG

o W@
- & = a Z| =
g 3212 zo|ug| £
|8 £0 MATERIAL Wz zk| =z OTHER
E oz 94 DESCRIPTION gg %5 & INFORMATION
¥ 5 a
18713 HIE
ICE
1.7
2 . . —
WATER
4 4 N
6 ] 83 ]
| ML SILT clayey, scoft, grey |
g - 228  increasing stiffness i
9-0 01 Grain size analysis
GP }o o GRAVEL to 5 cm size, rounded, trace sand, |Cl 9-3
o 198 trace sili
10 1] i
o lsm !35%155- SAND medium to fine grained, some gravel,
Ed08  little silt 10-8
] £lid  “strace gravel ]
iffﬁf g D1 slough sample
12 ;}Ei; | Grain size analysis
T3
Afl:
) Bottom of Hole at 12.9 m depth
14 T
4 -
16 7
DATE: Feb. 23, 1979 LOGGED BY: G.D. DRWN BY:  PD/vh CHKD BY: N.H.
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TEST HOLE LOG

<l |8 28| 2| o
2 |33z rolug| 2
T |28|2g MATERIAL 2| £ OTHER
E oF 93 DESCRIPTION gg 25 E INFORMATION
0?3 “3l a
o 18718 5% ©
ICE
1:7
2 WATER ]
4 4
4.4 4-4
ML SILT clayey, grey with black organic
layers, occasional tarry layers, low Dl Grain size analysis
58 plastic 8 and Atterberg Limits
6 - SAND medium grained, occasional silt .
-6 layers to 6.0 m depth 86 : . e
| SAND fine to medium grained, socme silt, cl &T_ Grain size analysis
gravel to 5 cm size from 6.6 to 7.0 m
depth
8 4
Bottom of Heole at 2.0 m depth
10 Hole sloughing )
12 .
14 =
16 -1
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TEST HOLE LOG

- |z |8 85| z| =
33| zalud| =
- 183120 MATERIAL C2lEE| T OTHER
NI DESCRIPTION gZ|22| 5 | INFORMATION

59|35 “ela
15|38 52| ©

1CE
1-7
2 WATER ]
4 - —
6 - 4
8 _
10 - s
12 12.0 1
ML, SILT clayey, trace fine sand, grey
13-5
--E-_ . . ] ]
14 4 SM §f;j SAND fine grained, some silt, occasional 14‘3- Grain size analysis
Etlig pebbles Dl 14.75| N=12

] Bottom of Hole at 14.75 m depth |
16 n
DATE. Feb. 22, 1979 |LOGGEDBY: y j. DAWN BY:  PD/vh CHKD BY: N.H.
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TEST HOLE LOG

Q wer
a |= -
s 3 T %g NS -
T |88)%¢ MATERIAL S2EE| £ OTHER
£ |92|83 DESCRIPTION £2|28| & INFORMATION
51252 So|55| @
kil o
5 18”15 s$z| ©
ICE

1.55
2 ] WATER N
4 .
6 i
8 - 4
10 -

11-Q B

ML SILT clayey, trace fine sand, soft, grey
12 T
‘ " 14.0 i 141 1 Grain size analysis
SM F;';!’]Eg SAND fine grained, some silt, occasional | DI w.s5| N=16
i1 pebbles, grey
. _

Bottom of Hole at 14.55 m depth

16 - 7]

DATE: Feb. 18, 1979 |LOGGEDBY: N_H.

DRWN BY: PD/vh

CHKD BY: N.H.
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TEST HOLE LOG

&) W
o = —
5 |3z|% rElud| 2
;28] g0 MATERIAL wa|zE] T OTHER
£ |92]0S DESCRIPTION £2|32| & INFORMATION
] 55 = E% wg| A
“la 2 nx] ©
ICE
116
2 WATER ~
4 - _
5.8
6 1ML SILT clayey, trace fine sand, grey ]
8 1 8-3 i
SAND medium to fine grained, some gravel
7 to 4 cm size, occasional gravel
layers up to 0.5 m thickness to a 9-7
10 depth of 10.5 m Dl 100 N=36
‘ Grain size analysis
Bottom of Hole at 11.3 m depth
12 Hole sloughing 7
_{ -
14 I
16 - 7
DATE: Feb. 22, 1979 lLoGGEDBY: N.H. DRWN BY: PD/vh CHKDBY:  N.H.
GOVERNMENT OF CANADA s 7D TEST HOLE NO.
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TEST HOLE LOG

o 9 EE Z| =
g 33|2 rao|ud| 2
T |23|5¢ MATERIAL DElEE| T OTHER
B 22|93 DESCRIPTION 22221 & INFORMATION
avl=s no
218718 3%l o1 °
ICE
17
27 WATER ]
4 -
4.8
ML SILT clayey, soft, grey ]
6 60 -
SAND fine to medium grained, some gravel
| to 6.2 m depth, little silt, trace R
gravel to 2.5 cm size
8 _d 80
Dl g.a5 | N=33
Grain size analysis
10 | .
12 .
14 .
] Bottom cf Hole at 14.3 m depth _
18 - .
paTe: Feb. 22, 1979 |_LogGgEDBY:  N.H. DRWN BY.  PD/vh CHKD BY: N.H.

GOVERNMENT OF CANADA
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ANIWDOTIAIQ NHIHLIHON
ONV
SHIVAAY NYIONI A0 INIFWNLHVYLRT

VAVYNVYD 20 LINIWNHIADD

»

=

PERCENT FINER THAN

$301A03S WNOISSII0Nd ¥ ONIEZINIONT INIITNSNGSD
‘Al (B£61) SAUVIDOSSVY AQMYH

T
‘ON 370+ 1534

| GRAVEL SIZES N SAND SIZES FINES ([SILT OR CLAY)
coussI FINE cousel MEDIUM | FINE
U.5. STANDARD SIEVE SIZES

won gy v M 34 tag ftag I 00 ¥
10017?-1 1% 1% % e ¥q #10 20 a0 fap Moo ¥a00 Baas
90
80 11%—7 -
70
60— 1
30

B

40
20 ' &
10

REMARKS: L at 7.5 to 7.8 m

1 10 1 01 am MILLIMETARS .00
r__'__r____,,..r . 1 T 1 i 1 T 1 1
3 2 ] [ 2] (3] [ X4] 0001 INCHES
GRAIN SIZIE
D= MM,
Test specimen contained one gravel particle retained D= MM
D= M
on a sieve with 38.1 mm square openings C,
cC

NOTE: UNIFIED $OIL CLASSIFICATION SYSTEM

SISATVNYV 3ZIS NIVHD
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LNIWAOIFAIT NH3HILIHON
aNY
SHIYA44Y NVIONI 30 INIWLHVYd3QA

YAOYNVD 40 LN3WNHIAQD

=

PERCENT FINER THAN

SIDIAHIS TYNOISSII0H ¥ DNIHFAINIDONT ONIIINSNOD

ALl (8261) SAUVIDOSSY AQHYH

ON 3T70H 1831

GRAVEL SIZES B SAND SIZES FINES (SILT OR CLAY)
COARSE ] FINE cousz{ MEDIUM FINE
U.S. STANDARD SIEVE SIZIES
100 32" 1A iw 34" ¥y H10 #ag Hao Heo thoo 200 fazs
90
80
70 : |
&0 \
50 i
40
30
20
10
0
'T ' ' ] , 1[0 ] ; : lll ' D.lﬂl MILLIMBTRES D.lﬂl I.]"l
b ] 1 a3 [ 4] am 0.001 INCHES
GRAIN SIZIE
REMARKS: TH1 at 9.5 m Dyo= MM
D= M
Dy MM,
Cy
<

NOTE: UNIFIED SOIL CLASSIFICATION

SYSTEM

SISATVNY 3ZIS NIVHD
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INIFWAOT3IA30 NEIHLHON
ONV
SBIVIIV NVIAN| 40 LNIWLHVL30

YOVNYD 40 LINJWNHIAOD

S30AE3IS WNOISSIAOH § ONIHAANIDNT DNITNSNGD

=

PERCENT FINER THAN

‘AL (8464) SIUVIDOSSY AQuVYH

ON 370+ 41831

L_E_!AVEL SIIES L SAND SIZES FINES (SILT OR CLAY)
COARSE ] FINE cmusr{ MEDIUM FINE
U.S. STANDARD SIEVE SIZIES
P Ik L MA“ B #10 #og Hao Hep 00 #200 f3as
il JNI LI
| L] ] n
90 -
T\\
80 \
70 + “ g
&0
50 ‘
40 :
i\
30 Y
20 \
10
il
(1]
1 1" * ol X MILLIMETRES a0
t' . . L . 1 . 1 : 1 1
1 z 1 o5 L-A) .0 [ 1--1} INCHES
GRAIN SIZE
REMARKS: TH1 at 12.8 to 13.15 m D,=0.14 mm

NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

D,,=0:24 mm
D,=0:29 mm

-

|t
|

C.

SISATVNYV 3ZIS NIVHD
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.LNBWdO'E%HN%NHHHLHON
SHIV44AY NVIONI 30 LNIWI1HYd3a
VAVNVD JO LNIJWNUIAQD

=

PERCENT FINER THAN

‘il (8461) SALVIDOSSY AQUVYVH

5IDAHIS IWNGISESIA0HS T INIHIINIDNT ONILINSNOD

T
|
!
|
!
i

4
'ON 370H 1531

| GRAVEL SIZES ~ _SAND SIZES
-COAISE FINE connsq MEDIUM FINE

{SILT OR CLAY)

U.S. STANDARD SIEVE SIZES

10022 #yq #10 #a0 Hap Yeo tioo  #a00 fa2s
90
80+
| N

70 \\

n

™

&0

P -

50 \

i A
40 \
J_\
30
20 N
. |
10
0
| [[-] 1) ol oot MILLIMETRES 8.001
T; . . - . i : : 1 1
3 3 1 0.5 el oo 0.004 INCHES
GRAIN SIIE
WEMARKS: TH2 at 8.55 to 9.0 m Dy: "~
Dy= MM,
; D= Ty
Cy
Cc

NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVUDO
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J_NBWdO"IHI(\JBNCIVNHBH.LHON
SHIVJ4Y NYION] 40 LNIW1HVYd3aa
YOVNVYD 40 ANJWNHIAQD

=

PERCENT FINER THAN

‘Al (8461) SALVIDOSSY AQMVYH

SIDNALIS WNOISSTA0H § ONIDIINIONT ONININSNCD

‘ON 3704 1831

GRAVEL SIZES SAND SIZES
consz] FINE co.usq MEDIUM ] FINE

{ SILT OR CLAY)

U.5. STANDARD SIEVE SIZES

2 1w 3%~ % e #10 #ag Hap Hs0 00 ¥200 325

100

90 o — ——aa

N

80 \
70

50

40

20 +

ot
1

MILLIMATRES

-

GRAIN SIZE

REMARKS: TH2 at 11.1 to 11.2 m

INCHES

NOTE: UNIFIED S5OIL CLASSIFICATION SYSTEM

Dy=.0.28 mm
D= 0.30 mm
c, 2.0

SISATVYNY 3ZIS NIVHO




LINIWAOTIAI0O NHIHLHON
SHIV4dY NVIONI 40 INSWiHvd3d
VAYNYD 4O LNIWNHIADD

=

PERCENT FINER THAN

6E-Y

‘ALl (BL61) SALVIDOSSY AQrVYH

S301AE35 TWNOISSIIOBd ¥ ONIHIAINIDONT DNILTIASNOD

ON 370H 1S31

GRAVEL SIZES SAND SIZES
co;usiT FINE t:cnusal MEDIUM [ FINE

FINES (SILT OR CLAY)

U.5. STANDARD SIEVE SIZES

Y I S LU | we ke #10 a0  Hao %50 fr00 Fao0 M3us

90 el *

80 L]

70 —~ ! ‘
60 \\I

50

40
4 N\

SISATVNY 3ZIS NIVHD

30
20
10 o
B o N
[+]
(1] 1 [ 1] a0t MILLIMETRES 200
T; : : - : ] : 1 . I 1
3 2 1 [ X1 LX) 0.0 0.001 INCHES
GRAIN SIZIE
EMARKS: T3 at 9,0 to 9.6 m D,= .
Dyy= MM
D= (TR
<y
C.

NOTE: UNIFIED 50IL CLASSIFICATION SYSTEM
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ANIWLOTIA3A NHIHLIHON
anNv
SHIV44VY NVIONT 40 LINIWLHVJIT

VAVNVYD 20 INJWNHIACY

=

PERCENT FINER THAN

SIMAEIS TYNQISSI40bd ¥ DONIEAINIDONG TNILTNSNOD

‘Al (B8461) SALVIDOSSY AQuVYH

ON 370K 15321

GRAVEL SIZES SAND SIZES FINES {SILT OR CLAY)
COARSE l FINE co.us:i MEDIUM FINE
U.S. STANDARD SIEVE SIZES
100 32 1wt 1 % l*m" y #10 #30 Hao W&o Hipo H200 Hazs
90|11
80
70 {
&0 -+
40
30
Ty
= N
10 N
0
lt 10 : ﬂll O.II MILLIMETRES .-inl
i
; ‘; : 0!5 ﬂ?l 0.‘01 OINI INCHES
GRAIN SIZE
REMARKS: 'TH4 at 9.6 to 10.2 m o= 0.14
Dy 7.9 wm
D :26.0 frive
Cy 185.7
€ 121
NOTE: UNIFIED $OIL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHD
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.I.NBWdO'!BI(\JBNG NY3HLHON
v
SHIV44VY NVIONI 40 LN3WLHVYd3a

YAYNVYD JO LNIWNUHIADD

=

PERCENT FINER THAN

SADMHIS TWHNOISE340Hd ¥ DONIBIINIDONT OMNININSNOD

‘A (8461) SIAVIDOSSVY AQHVH

'ON 370H LS31

GRAVEL SILZES SAND SIIES FINES ([SILT OR CLAY}
COARSE L FINE co.us:l MEDIUM FINE
U.S. STANDARD SIEVE SIZES
1003 1" r-K 1y e #10 #ag Hapo Voo Moo  Waoo Yaas
%0 i
80 .
N
10 = \
60
|
]
50 ‘ \
40 \ i
\
30
20 i
10
[+ ]
Ir 'Ilo } Ol.l ..rl MILLIMETRES ..r'l
; ; } I‘IL oll D.(III 0.!“1 INCHES
GRAIN SIIE
REMARKS: TH7 at 11.0 to 11.45 m D,: "
Dy~ MM
D= ey
Cy
C.
NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

SISATVNV 3ZIS NIVHD
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YAYNYD 40 LNIWNHIACD

.LNBWdO'EIéE’{I% NH3IHIHON
SHIV44dVY NYIONI 40 LINIWLEHVJ3Q

=

PERCENT FINER THAN

‘AL (8461) SHIVIDOSSY AQMVH

SADNIAEIS WNOISSIIOHD ¥ DNIHIINIONT ONILINSNDD

8
‘ON 370H 1531

GRAVEL SIIES ) SAND SIZES FINES (SILT OR CLAY)
COARSE I FINE cousq MEDIUM FINE
V.S STANDARD SIEVE SIIES
3P AW 1t R %" e #19 e Yo Yoo %100 W00 Y325
100 &
I~-

90 -&"f

80—

70

&0

50 '

40

30 \

20

10 N

0
1 1 ) o3 o.u MiLLImETERS 4.001
tl T T T 1 T i 1 L T 1 !
1 2 t [ X% [ A 0.0 0001 INCHES
GRAIN SIZE

REMARKS: THE at 8.4 to 8.7 m D= 0.11 o~
D”_—_ 0.2.].. MM
D,=—0-30 mm
C, 2.7
C. 1.34

NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHD
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.LNHWdO'IBfaENC‘IVNHEHJ.HON
SHIYJdY NVIONI 40 1NJWIHYd30
VAYNYD 4O LNIWNHIAQD

=

PERCENT FINER THAN

‘AN (B8461) SALVIDOSSY AQMVYH

SITALIS WNQISSIFIOBG ¥ DNIBHINIDNT DNILTNSNOD

|
!
|
|

‘ON 37T0H 1831

MGI!AVEL SIZES SAND SI_Z_ES FINES (SILT OR CLAY)
COARSE FINE couse{ MEDIUM FINE
U.S. STANDARD SIEVE SIZES
- o agn 1ge # Hep # # #
100 I 1% % , 4 #10 g Haep Heo W00 200 Ha28
90
80 \
~
70 ‘&\
&0 \
50
40
N
30 x N
20
10
0
199 "w 1 0. om MILLIMETRES 4.0m
1 . . . X i . 1 T 1 1
3 1 ] [ 23 o1 0.0y .00 INCHES
GRAIN SIZE
REMARKS: THY9 at 10.5 to 10.95 m Dy -~
Dy= LYY
D= MM
Cy
cc
NOTE: UNIFIED $SOIL CLASSIFICATION SYSTEM

SISATVYNY 3ZIS NIVHO
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lNBWdO'IBIaBN%NHEH.LHON
SHIVIAY NYIONI 40 LIN3IW1LHVYd3O
VAVYNVYD 40 LNIWNHIACD

=

PERCENT FINER THAN

imym

SIDIAHIS TWNOISSIA0KG ¥ ONIZIINIONT DNUINSNG
an (B8461) SAUVIDOSSY AQMYH

m

‘ON 370H 1831

GRAVEL SIZES SAND SIZES FINES {SILT OR CLAY)
COARSE l FINE ousel MEDIUM ] FINE
U.S. STANDARD SIEVE SIZES
T TP # # Hap Heo # #3200
10032 MI*I‘ é & 20..f4?w100 200 "azs
i
90 T I \
801
| !
70 T
60
50 ‘
40 {
k14
20+
10
o
lr o } lll-l O.lﬂ MILLIMETRIES ..l-“ l.|~|
1
; ; : I" C!I D.LI INEHES
GRAIN SIZIE
REMARKS: TH9 at 12.0 to 12.45 m D= 0.12
D= 0.20 mm
Deo=0.25 wmm
Cy 2.1
¢, _L1.33

NOTE: UNIFIED $50IL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHD
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.I.NHW:IO"B%BNUV NH3IHLHON
SHIVA4Y NVYIAN! 30 LINIWIHV430

VAVYNVYD 4O LNIWNLU3A0D

=

PERCENT FINER THAN

SIDNIAETS IWNOISSZI0ED ¥ ONIEIINIDNT ONILTASNDD

1
i
|
i
!
i

0T

‘aln (8461) SAIVIDOSSY AQMVYH

‘ON 370H 1831

GRAV_EI. SIZES SAND SIZIES ) FINES (SILYT OR CLAY)
couseT FINE consei MEDIUM ] FINE
U.S. STANDARD SIEVE SIZES
- w yuon oy # # Heg # # t:
100 2 1% % \a 4 H1o0 # 20 @ Yoo Hioo 200 H325
90 k
80 - ™N
70 \
60—
50
!
40 i \
3o
20 i
10
0
lr IID } .l. nlm MILLIMATARS ..‘n'l
; ; ; O.Il O‘.l G.Ll l!ﬂ'l IMCHES
GRAIN SIIE
HEMARKS: TH10 at 8.3 to 8.75 m D,,= -
Dy= Y
D= [T
Cy
Cc

MOTE: UNMIFIED

SOIL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHD
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.LNEIWdO'E%BNC‘IVNH':IHlHON
SHIVAIV NVION! 3O INTJWIHVYd3O

VAVNYD 40 LNIAWNUIAQD

=

PERCENT FINER THAN

S3TIAHIS WNOISS3J0Bd ¥ ONIBIINIDNT DNUTINSNCD

‘A (8461) SALVIOOSSY AQUVH

'ON 370H 4534

GRAVEL SIIES SAND SIZES FINES (SILY OR CLAY)
COARSE I FINE cous4 MEDIUM FINE
U.S. STANDARD SIEVE SIZES
10022 1T K[ T*- tye #10 H20 1“40 tag Hipn  Ha200 %aas
| { :
90
-
0 AR
B . !
70
60 -
50
‘l' \\
40 - \
30
20
10
N
ey
0
1 [ X3 [ 1)) MILLIMETRAES £.091
]T‘ T T T T .Ic T X T ! T A 1
3 2 t [ 13 81 o.M 0.001 IMCHTS
GRAIN SIZIE
REMARKS: TH1l at 5.0 to 5.45 m D,;=0:19  am
Dy=0.32 mm
D= 0.51  m
<
c, 1.1
NOTE: UNIFIED $OIL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHO
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i [ . | i ;
A
] EL S§iX
S ; 8 GRAY SIZES SAND SIZES FINES (SILT OR CLAY)
D 5 < COARSE I FINE COAISEI MEDIUM E FINE
3z m
om0 g U.S. STANDARD SIEVE SIZES
z oo = LU S LIPS . #10 a9  Hao Hs0 oo 200 My
o029 2z 100ty e 1
mz_'
I?‘IUZ Q - ]
- 9 7m ;
g2 8 90
z
2 45 2
>
239 s \
: |
? z 70 ' ; )
‘ \ ! m
E i\ >
60 i -
£ \ <
z so0 \ o W
e { N
iz | E e m
";E"‘ a V] i
=10 - >
51<€ o 30 z
-
&l >
zl@ \ rr
7|0 20 t
:|g N\ : >
i3 ‘
e @
219 0
% g |Tu , : : , IID - } : o.tln MILLIMEYRES u.tlm u?m
2 5 ] 2 ] (X} ot 0.01 INCHES
i GRAIN SIZE
I REMARKS: TH12 at i4.0 to 1l4.4 m D,,= 0.08

T

‘ON 3T0H 163L

NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

D”: 0-].6 MM
Dy=_0.25 mm.
C, 3.1
c. _1.3
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J.NBWdO'lBIaENGVNHHHlHON
SHIVIIVY NYIONI 40 LNIW1HVY430

VAYNVD 40 LNIJWNHIAQD

SIDMAHIT TYNOISEIH0d ¥ ONIBIINIDNT DNIIINSNOD

AL (BZ61) SALVIDOSSY AQMYH

<T

=

PERCENT FINER THAN

|
J

'ON 370H 1531

GRAVEL SIZES SAND SIZES

COARSE ] FINE COAlsq MEDIUM FINE

{ SILT OR CLAY)

U.S. STANDARD SIEVE SIZES

100L St 1 % 14 #q #o %30 Va0 Wso Hioo  Havo Y325
90 [T
80
‘i\
70 ; \
&0
50
. ]
40
30
20
10
0
l? I : . i |lo I : : OII “I" MIiLsimMETRES Ir'l
3 1 1 03 [ 3] 0.0t 0.001 INCHES
GRAIN SIIE
NEMARKS: TH15 at 14.3 to 14.75 m D,,= o
Dy= 'Y
D= (78
Cy
Cc

NOTE: UNIFIED S$SO1IL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHO
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1N3IWJ0OTIA3IT NHIHLHON
ONV
SHIVIAY NYION| 40 LNIW.LHVI3IO

YOVNVYD 30 INSWNHIAQOD

=

PERCENT FINER THAN

SIVAGIS TYNOISSIAOHS ¥ ONIHIINIDNI SNUTNSNCD

‘AL (B461) SAUVIDOSSV AQuVH

LT

‘ON 3T0H 1831

GRAVEL SIZES SAND SIZES FINES (SILT OR CLAY)
COARSE I FINE I:oAl54 MEDIUM FINE
U.S. STANDARD SIEVE SIZES
" w qu ym ] # # # Heo # # #
Ioos?‘l!ﬁl!‘ :ﬁil 10 20 w0 %o hoo 200 328
920
s \\
70 \
60
30 ‘
%0 \
30
20
10
0
IL] l : ' lJL ‘ ; ITI : O.Illl MELLIMEBETRES ..rl .-]-C
3 2 1 [ X ) (A} [ 1) 0.001 INCHES
GRAIN SIXE
REMARKS: TH17 at 12.0 to 12.45 m D,,- 0.09 -
Dy=_0:18 mm
Dw: 0.23 mm
Cy 2.6
cc 1.6
NOTE: UNIFIED $OIL CLASSIFICATION SYSTEM

SISATVNY 3ZIS NIVHD
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LNIWHOT3IAZT NHIHLHON
SHIVA4Y NVICNI 40 LNJWIHVJ3A

VYAVYNVYD 40 LNIJWNHIAOD

F3IDAMIS WNOISSZJOHd § DNIBIINIDNT DNUINSNGD

‘AN (B461) SAWVIDOSSY AQHYH

6T

‘ON 3T0H 1531
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APPENDIX B

EXPLANATION OF TERMS AND SYMBOLS

1.0 GENERAL

The terms and symbols used on the test hole logs
to summarize the results of the field investigation and of
subsequent laboratory testing are described in detail below
and are illustrated on the appended exhibit test hole log

(Figure 1).

General information, such as test hole number,
date of drilling and inspector, is noted in the lower por-
tion of the test hole log. Detailed subsurface information
observed at each test hole location and laboratory test
data are presented in columnar form on the test hole log.
Each column used is described in detail below using the
reference numbers shown on the appended blank test hole log

(Figure 2).



It should be noted that the soil type, strati-

graphic boundaries, and in situ conditions have been estab-

lished only at the test hole location and that they are not

necessarily representative of subsurface conditions else-

where across the site.

Column 1:

Column 2:

Column 3:

Depth: The depth of test hole below ice
surface at time of drilling is shown in this

column.

Soil Group Symbol: A soil classification

symbol in accordance with a modification of
the Unified Soil Classification System't) is
noted in this column. A definition of each
Group Symbol is given on Figure 3 "Modified

Unified Classification System for Soils".

Soil Graphic Log: Soil strata are depicted

graphically in accordance with the Graphic

Symbol shown on Figure 3.

(1) References are listed on page B-14.



Column 4: Material Description: A detailed engineering

description of each soil stratum encountered
is noted in this c¢olumn. This description is
given in acceordance with the criteria out-
lined in Section 2.1 "Soil Description”. The
interface between soil strata is shown noted
as a single continuous line with the depth to
the interface above the line. A short broken
line indicates a change in soil type descrip-

tors, the soil type remaining the same.

Column 5: Sample Type and Number: The type and reference

number of each sample is recorded in this
column at the appropriate depth. The type of

sample is indicated by the following pre-

fixes:
B Bag Sample, usually from inside
of plugged drill stem and bit
C Core Sample
D Split Spoon Standard Penetrometer
Sample
U Tube Sample



Column 6:

Column 7:

Sample Condition: The condition of each

sample, and whether it was recovered or lost,
is recorded against depth in this column with

the following symbols

undisturbed disturbed not recovered

Undisturbed samples refer to core or tube
samples which have been recovered in a state
relatively unchanged by sampling. As no
attempt was made to prevent samples from
freezing, no undisturbed samples were retained
on this job. Disturbed samples are any other
samples recovered from the hole. 'Not

recovered' refers to samples lost down the

hole.

Depth: The depths of samples retained are

noted in this column.



Column 8: Other Information: Test data and field

observations not incorporated into the pre-
vious columns are presented here. Informa-
tion for grain size analyses and Atterberg
Limit determinations are included on separate

forms following the test - -hole logs.

The number designated by N in this column
refers to the number of blows of a 63.5 kg
{140 lbs) hammer freely dropping 0.76 m

(30 inches) to drive the 50.8 mm (2 inch)
0.D. open~ended Standard Penetrometer 0.15 m
(6 inches) to 0.45 m (18 inches) into the

soil.

2.0 DESCRIPTION DETAILS

The various terms, symbols, and abbreviations are
discussed in detail to facilitate interpretation and under-

standing of the data presented on the test hole logs.



2.1 Soil Description (Column 4)

Soils are classified and described according to

their engineering properties and behaviour.

2.1.1 Soil Description System

The following properties are described for a

comprehensive so0il classification system:

Grain size distribution or plasticity, colour,
moisture, sensitivity, structure, foreign materials,

and consistency or strength.

The soil in each stratum is described on the test
hole logs using the Unified Soil Classification System
modified slightly so that an inorganic clay of "medium
plasticity” is recognized. Selected adjectives are used to
define the actual or estimated percentage range by weight of

the various components.



The identification of soil components and frac-
tions is defined by the Modified Unified Soil Classification

System which classifies soils into three major divisions:

Coarse-grained soils - gravel and sand
Fine-grained soils - silt and clay

Highly organic soils - peat

Classification of soils is based on the grain size
distribution of that portion of the soil smaller than the 3-

inch U.S. Standard sieve size.

Soils with 50 percent or more of the components
coarser than the No. 200 U.S. Standard sieve size (0.074 mm)
are described as COARSE~GRAINED {or granular) soils.
Coarse-grained soils (gravel and sand) are classified by
graln size distribution and are subdivided intoc coarse and

fine gravel, and coarse, medium, and fine sand.

Soils with 50 percent or more of the components
finer than the No. 200 sieve size are described as FINE-

GRAINED soils. These may be cohesive or non-cohesive. Note



that for visual classification the No. 200 sieve size is
about the smallest size of particle that can be distin-

guished individually by the unaided eye.

Fine-grained soils {(silt and clay) are classified
by behaviour on the basis of the liquid limit and plasticity
index of the fraction finer than the No. 40 U.S. Standard
sieve size. The boundaries defining the fine-grained soil
groups are shown on the Plasticity Chart on Figure 3. The
Plasticity Chart is also used to determine the behaviour of

the fines content of coarse-grained socils.

Particle size and shape are usually described for
coarse-grained soils, and plasticity is usually described
for fine-grained soils. An exception to this rule applies
when describing glacial till. Then plasticity, particle

size, and shape are all included in the description.

The principal component of the fraction of the
soil passing the 3-inch U.S. Standard sieve size is shown

capitalized on the test hole logs.



oy

The proportions by weight of the minor components

are defined according to the following descriptors:

Descriptor Proportion
"and" 50 to 35 percent
"some" 35 to 20 percent

"little" 20 to 10 percent
"trace" 10 to 1 percent

The descriptors used must not contradict the
classification by the Modified Unified Soil Classification

System.

The terms given above are used to define propor-
tions by weight of granular components, but they may also be
used to define the proportion of minor components of fine-
grained material, according to the subdivisons of the
Plasticity Chart shown on Figure 3. The adjectives are not
used to subdivide a principal fine-grained component. The

modifier "y" or "ey" (i.e., SILT - clavey) is used when the
liquid limit and plasticity index plot close to the "A-line"

on the Plasticity Chart.



The soil is described first by identifying the
principal component, followed by the minor components in
order of decreasing proportion by weight. This is fcllowed
by other significant identifving features such as plas-

ticity, colour, moisture, structure, and strength.

2.1.2 Typical Example of a Complete Scil
Description

"CLAY, silty, little medium sand, trace coarse
gravel, medium plasticity, vellow-brown", describes a
yellow-brown fine-grained silty clay soil containing 50
percent or more of components finer than the No. 200 U.S.
Standard sieve size with minor components of sand and
gravel. The fraction passing the No. 40 U.S. Standard sieve
size plots above, and close the the "A-line"” on the Plas-
ticity Chart. The soil contains between 10 percent and 20
percent of sand particles generally in the size range No. 10
to No. 40 (i.e., finer than the No. 10 Standard sieve size
and larger than the No. 40 Standard sieve size) and between
1l percent and 10 percent of gravel in the size range 3/4

inch to 3 inch. The identifying feature "medium plasticity”



indicates that the liquid limit plots between 30 and 50 on
the Plasticity Chart. Such a soil is classified as CI by

the Modified Unified Soil Classification System.

2.1.3 Typical Examples of the Use of Modifiers
and Descriptors

{a) Coarse-~grained soil with minor fine-grained component:

"GRAVEL fine, some silty clay", describes a
coarse-grained soil with a minor component of fines, which
has a liguid limit and plasticity index that plot above and
close to the "A-line" on the Plasticity Chart. Such a soil
is classified as GC by the Unified Soil Classification

System.

"SAND some silt," is correct in that "silt" in
this case is a minor component of non-plastic fines which
plot below the A-line on the Plasticity Chart.

(b) Fine~grained soil with a minor coarse-grained component: :

"CLAY silty, some fine sand", describes a fine-

grained soil having a fines content in excess of 50 percent



(i.e., 50% of material finer than the No. 200 U.S. Standard
sieve size), which plots above the "A-line" on the Plas-
ticity Chart, with a liquid limit less than 50 on the

Plasticity Chart, and has a minor component of fine sand.

"CLAY some silt, some fine sand", would not be
used as the fines are classified by behaviour (plasticity)
and not by particle size. Such a soil would be classified
as CI or CL according to the Unified Scil Classification

System.

2.2 C(Classification of Construction Materials

2.2.1 Granular Material

Table B-1 is a classification of materials based
on the potential construction usage of the granular material.
This classification system for Granular Materials was

provided by DIAND.
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Source
Quality
Description

=
¥-

TABLE Bl

CLASSTFICATION OF GRANULAR MATERIALS

General Description
of Material

Minimum Technical
Identification Parameters

Suggested Uses
of Material

(1)

(2)

(3)

(4)

Excellent

Good

Fair

Poor

Well graded sands and
gravel suitable for use
as aggregates with a
minimum of processing

Graded sands and gravels
with varying quantities
of silt

Poorly graded sands and
gravels with or without
substantial silt content

Poorly graded granular
soils of high silt con-
tent, possibly containing
very weak particles and
deleterious materials

Petrographic Number - 160 max.
Los Angeles Abrasion lLoss -
35% max. Soundness Loss
(Magnesium Sulphate} - 12%
max. and meeting other
requirements of CSA A23.1 -
1973

Petrographic Number - 200 max.
Los Angeles Abrasion Loss -
60% max. Fines greater than
10% passing the 200 sieve can
be removed with minimum of
processing

Petrographic Number - 250 max.
Can be processed to meet local

frost susceptibility criteria

Nil

Portland cement concrete,
asphaltic concrete,
masonry sand, concrete
block, surface treatment
and roofing aggregate

Granular base and sub-
base, winter sand back-
fill for trenches and
slabs, pads for struc-
ture

Granular sub-base, gen-
eral backfill material,
pads for equipment

General non-structural
fill
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