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SUMMARY

A detailed geotechnical investigation of three existing gravel
pit reserves along the Alaska Highway \YTG #10981, DIAND
#11574 and YTG 4$10983) was undertaken, to provide information
on the basis of which to establish a community borrow pit for
the use of Burwash Landing ané Destruction Bay, Yukon. It is
intended that the chosen pit will satisfy the concrete
aggregate and gravel fill requirements of the two communities.

Following a review of existing information, a comprehensive
drilling and laboratory testing program was carried out. In
all, 45 boreholes were drilled and sampled within the three
deposits. Laboratory testing gonsisted of moisture content
determinations and, on selected samples, visual petrographic
analysis, sieve analysis, and Los Angeles abrasion and
sulphate soundness tests. Borehole logs and laboratory test

results are presented.
Principle findings of the study are as follows:

a) The M.P. 1086€.2 site is a low volume deposit of fair to
poor quality aggregate, With a 3:1 gravel-overburden
stripping ratio, development does not appear warranted
unless the overburden is used as fill material.

b) Reserves for the M.P, 1087.6 deposit are estirmatec¢ at
22 300 m3 proven and 81 500 m3 probable, of good quality
aggregate. This will be suitable for most construction
purposes, with crushing and screening required to produce
concrete aggregate.

c) At M.,P. 1095.1 proven reserves are 90 000 m3 of good
quality aggregate, greater then 200 000 m3 probable.
Again though suitable for most purposes, the gravel will
require crushing to produce concrete aggregate.
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It is concluded that, while additional testing i1s needed in
the southern gection (when improved access is available), the
borrow reserve at M.P. 1095.1 (YTG £10983) is most suitable

for development as a large volume, good quality, gravel pit
for the use of the two communities,
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INTRODUCT ION

Hardy Associates (1978) Ltd, was retained by the Department of
Indian Affairs and Northern Development to carry out necessary
geotechnical testing and assessment studies in connection with
establishing a community gravel pit for Burwash Landing and
Destruction Bay, Yukon. Authorization to proceed with the
study was given on November 16, 1982 by Mr. G, N. Faulkner,
Agsistant Deputy Minister, Northern Affairs, Completed
contract documents for the work were returned to Mr. G.Y.

Williams, DIAND Contract Services Division, on December 13,
1982,

SCOPE OF STUDY

The prime objective of the study was to evaluate three
existing borrow pit reserves, in connection with establishing
a community borrow pit for the use of Burwash Landing and
Destruction ﬁay. The chosen pit is to satisfy the demands for
concrete aggregate and gravel £ill for both communities. The
three reserves are located adjacent to the Alaska Highway,
between MP's 1086 and 1096 (Figure 1).

TERMS OF REFERENCE

Terms of reference for the study, as established in our
Contract No. 82-348 with Department of Indian Affairs and
Northern Development, were to:

1. Carry out a detailed field drilling program at the
following existing borrow pit reserves;
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a) YTG Gravel Pit $10981 M.P. 1086.2 (RMP 1737.9)
b) DIAND Gravel Pit $#11574 M.P. 1087.6 (RMP 1740.2)
C¢) YIG Gravel Pit £10983 M.P, 1095.1 (EMP 1752.2)

2. Conduct testing on representative samples to confirm the

quality of the material in each pit and its suitability
for various uses,

3. Prepare and submit a brief report, discussing the study
methodology and presenting its results, providing an
assessment of available aggregate volumes and suitability
for various community uses, and presenting recommendations
for pit development.

2.0 GEOLOGICAL SETTING

2.1 RELIEF AND TOPOGRAPHY

Physiographically, the borrow reserve sites lie in the Shakwak
Trench, along the northeast side of the Kluane Ranges, St.
Elias Mountains (Bostock, 1969). The M.P. 1086.2 and 1095.1
sites have undulating topography and slope gently to the north
towards Kluane Lake, while the topography of borrow reserve at
M.P. 1087.6 is hummocky, with a maximum relief of
approximately 8 m to 10 m. Elevations of the three sites
range from 821 m above sea level (asl) to 806 m  asl
(Figure 1).

2.2 BEDROCK GEOLOGY

According to Rampton (1981):

"The eugeosynclinal sequence of the Kluane Ranges and adjacent
areas north of the 8lims River consists primarily of
-5 -
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argillite, volcanic, and greenstone rocks of Permo-Triassic
age."

SURFICIAL GEOLOGY

The surficial geology of the Burwash Landing/Destruction Bay
area is shown on Figure 2 (after Rampton, 1979a; 1979b).

The Alaska Highway in this area follows the base of the Kluane
Ranges, 8t. Elias Mountains, across a series of large
coalescing alluvial fans which overlie glaciofluvial and
morainal deposits (Rampton, 1977a; 1979b). As a result, the
surficial geology is fairly complex and the three borrow
reserves are all located on different surficial deposits.
Thug, the borrow reserve at M.P. 1086.2 is located on a late
Wisconsinan morainal deposit, which includes patches of
glaciofluvial outwash material, the M.P. 1087.6 site is
situated on a glaciofluvial kame terrace, and the M.P, 1095.1
site lies on a large alluvial fan of the Duke River (Figure
2).

The detailed surficial geology of the borrow sites is shown on
Plates Cl to C3 (Appendix "C"), and described in Section 5.0,

DRAINAGE

The study areas slope towards Kluane Lake and have, for the
most part, excellent surface drainage, Local depressional
areas, however, are poorly drained and organic-infilled, for
example, the extreme north-east corner of the M,P, 1086.2 site
and the southern portion of the M.P. 1095.,1 site. The
poorly-drained organic areas are outlined on the individual
site mosaics, in Appendix "C",
- g -

k4




A Amviel Depesitsr aand ond Favel wrib vonour of
Sine: aedveseran; Protglacial, rarely sider; Reodplain
1A}, madern.

yrEICE

sadenanl) Lie Sraconsing !
- Eolan Dopouitar sund, 3ik, or tophrsy Pasigiaciel.

Glacidhovml el S rwvel v venaer
wf It sedhmamt ) Lot Winronuingn tilecemiey k.

Ion; sngw and firn vasmesr; Neagluciel.

Lacuserine Duponits mataly s had Clag with Nttle:

e aand; Loor Siocunsinan Hincosteyk

areina) Dupesitn Ll Miryivendy, Late Wiscuminas
. 1Cu-Curd fuue s St Sabrio-cowered

‘hmmﬂuﬁwﬂlrﬁ.m

Bedvecks wariows typun pra-Piaivsscons.

Fastergl procgiiony

oond o gravel; _S6- 14 cantaining ¢ high prepertien
ol sond, gravel, peye——)

wuldars, Slacts, baddery
clay, clayey

prirrrLIYRTTIRENYY

o

RESERVE
AT Q’
VN

\ volconic saphea, sondor ftive grovel
., _BORROW ¢ . —-\-im-n-b‘g:-—u-n-
RESERVE o overiins graved n pilevial g

E.¥ﬁhnupmsz

= "
Orunein, Sted ull . ... .. . e
Bach drambin, crag, aodl tald, {heed avock .
Glacially soswred bedrach hillech .. ... ..o
Raglear .

VAT IS | K es e

-

GEOLOGY AFTER . RAMPTON, V.M. 19790,
SURFICIAL GEOLOSY AND GEOMORPHOLOGY,

BURWASH CREEX, YUKON TERRITORY. }

RAMPTON, V.N. 1979 b, SURFICIAL GEOLOGY S

AND GEOMORPMOLOGY CONDON CREEK, ;\\\\\“- el
1)

YUKON TERRITORY.

oare | e HARDY ASSOCIATES UE7E) LID.- SURFICIAL GEOLOGY
MADE e s SEMACES
CHED.

APPD. NO. CG10047 FIG 3 )

WTHE - TR




2.5

3.0

3.1

HARDY ASSOCIATES (1978)LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

PERMAFROST

The study area lies within the northem section of the
discontinuous permafrost zone (Brown, 1967). Permafrost may
be expected in all undisturbed areas with high ice content
material occuring in the poorly drained areas. Permafrost was
not encountered (to the depths drilled) in areas that have
been stripped of vegetation. Low ice content permafrost can
be expected in the higher, well drained, areas. During the
field drilling program, permafrost was present at the M.P.
1095.1 site; no massive ice was encountered.

Expected active layer depths are in the range 0.5 m to 1.5 m,
depending on material grain size and vegetation cover.
Generally, coarse-grained soils with light vegetation will
thaw to greater depths than fine-grained soils with heavy
vegetation cover.

FIELD PROGRAM

A total of 45 boreholes was drilled on the three deposits; 15
boreholes at M.P. 1086.2, 10 holes at M.,P. 1087.6 and 20
boreholes at M.P. 1095.1. brilling was carried out between
November 24 and 29, 1982, Borehole locations are shown on the
photomosaic site plans (Plates Cl to C3) in Appendix "C",

METHODOLOGY

The drill rig utilized for this program was a CME 750 auger
rig, supplied by Midnight Sun Drilling Ltd. of Whitehorse.
Boreholes were augered and sampled under the supervision of a
Hardy Associates (1978) Ltd. soil engineer. Except where

-8 -
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conditions prohibited, borings were put down to a maximum
depth of 6 m.

Grab samples were taken at a regular interval £rom each
borehole for moisture profile determination and sieve
analysis. Bulk samples were obtained at selected sites for
more detailed laboratory testing (see Section 4.0).

RESULTS

Borehole logs are presented, on Plates Al to A45, in Appendix
"A", The test drilling results for each borrow reserve are
summarized and evaluated in Section 5,0,

LABORATORY TEST PROGRAM

Grab and bulk samples were retained from the boreholes and -
shipped to the Hardy Associates (1978) Ltd.'s Calgary
laboratory for the detailed testing.

LABORATORY TEST PROCEDURES

Grab samples were taken from all test holes for sieve analysis
(ASTM Cl136-82) and moisture content determinations. In
addition, representative samples of coarse aggregate were
tested for: petrographic analysis (ASTM C295), Los Angeles
abrasion (ASTM C535-81) and soundness (ASTM (C88-76). °
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LABORATORY TEST RESULTS

The results of the laboratory testing program are presented on
Plates Bl to B22 and Tables Bl to B5 in Appendix "B", Test
descriptions and criteria for evaluating the results are also
provided.

In summary, petrographic analysis of five samples from the
M.P. 1087.6 and 1095.1 deposits gave PN values ranging from
100.2 to 116.2. Los Angeles abrasion tests resulted in losses
(for 50 revolutione) ranging from 13.4 to 20.4 percent.
Sulphate soundness testing produced losses ranging from 0,33

to 2,66 percent, Results for the individual deposits are
presented in Section 5.0.

DEPOSIT EVALUATIONS

The deposits are evaluated below, in terms of their potential
as sources of coarse granular aggregate, with respect to:
available volumes, material type and quality, development
criteria and possible community uses.

EVALUATION CRITERIA

Proven and probable reserves (and overburden volumes) have
been computed for each deposit. Proven coarse aggregate
volume was calculated, assuming a 100 m setback from the
Alaska Highway, using average granular material thickness
extrapolated over an area extending approximately 15 m in all
directions £from the boreholes. Overburden volume was
calculated similarly. In view of the stratigraphic
variability at the M.P. 1086.2 site, the calculated proven

- 10 -
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volume for that deposit was also reduced by a 20 peréent
contingency factor.

Probahle reserves were calculated assuming the same proven
deposit thickness and extrapolating over the area of the
deposit considered, on the basis of airphoto interpretation,
to be of geologically similar origin. No contingency
allowance was included. In the case of the M.P. 1095.1
reserve, deposit thickness for calculation purposes was
assumed to be 6 m, even though the presence of permafrost
precluded drilling to this depth in all instances.

In evaluating the materials for possible community use, the
granular materials classification presented on Table 1,
(provided previously to us by DIAND), was used.

5.2 BORROW RESERVE AT M.P. 1086.2 (YTG #10981)

5.2.1 Deposit Description

This potential borrow site is located approximately 5 km
northwest of Destruction Bay and 10 km southeast of Burwash
Landing (Figqure 1).

The site is located on Late Wisconsinan morainal deposits,
which contain patches of outwash material (Rampton, 1979a).
The site has undulating topography, with a maximum relief of
5 m. Drainage is good, except in the eastern part (which is
low-1lying). A portion of the site (in the vicinity of an
existing pit) has been stripped of vegetation but the
remainder is heavily treed (Plate Cl).

-11 -
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TABLE 1

CLASSIFICIATION OF GRANULAR MATERIALS

(after DIAND)

SOURCE GENERAL MINIMM TBECHNICAL SOGGESTED

QUALITY DESCRIPTION IDENTIFICATION USES OF

DESCRIPTION OF MATERIAL PARAMETERS MATERIAL

Excellent Well graded sands and Petrographic Number: 160 max. Portland cement, and
gravel, suitable for Los Angeles Abrasion Loss: 35% asphaltic concrete
use as aggregate max. Soundness Loss (Magnesium aggregate, masonry
with a minimum of Sulphate) : 12% max., and meeting sand, concrete block,
processing other requirements of CSA A23.1- surface coarse and

1973 roofing aggregate.

Good Well graded sands and Petrographic Number: 200 max. Granular base and
gravels, with varying Los Angeles Abrasion Loss: 60% subbase. Winter sand
quantities of silt, max, Fines greater than 10% backfill for trenches

passing the 200 sieve can be and slabs. Pads for
removed with minimum of structures. Select
processing backfill.

Fair Poorly graded sands and X  Petrogaphic Rumber: 250 max. Granular subbase.
gravels, with or without Can be processed to meet local General backfill material,
substantial silt content frost susceptibility criteria pads for equipment.

Poor Poorly graded granular Nil General non-structural

soils of high silt
content, possibly
containing very weak
particles and deleter-
ious materials

fill.
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5.2.2 Field Investigation

Pifteen boreholes (BH's Cl to Cl5) were put down, on November
26 and 27, 1982. Borehole locations are shown on Plate Cl,
vhile logs are presented on Plates Al to Al5 and laboratory
test results in Appendix "B" (Plates Bl to B5).

5.2.3 Material Type

Coarse, poorly graded, dirty gravel was encountered in ten of
the boreholes; overburden thickness ranged from 3 m to nearly
6 m. The gravel occurs at shallowest depth in the
northwestern part and at slightly greater depths close to the
eastern edge of the site. The overburden, probably a glacial
till, ranges from clayey silt to silty and gravelly sand.
Permafrost was not encountered in any of the boreholes. Only
BH C14 was found to be wet at completion.

5.2.4 Available Reserves

Coarse aggregate occurs predominantly in the northwestern
portion of the deposit. An area of 8400 m2 was outlined by
the test drilling, with an average deposit thickness of 1.3 m.
On this basis, proven reserves of 11 000 m3 of coarse granular
material are indicated. However, overburden thickness
averages 3.8 m, giving a stripping ratio of roughly 3:l.

5.2.5 Material Quality

Grain size analyses were conducted on five samples from this
deposit; results are presented on Plates Bl to B5 (Appendix
"B"). The coarse aggregate is, in general, poorly graded and

-13 -
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dirty. Fines content varies from 7 to 31 percent, with an
average of 21.8 percent.

Moisture contents range from about 2 percent to 9 percent for
the gravels, with an average of 5 percent. Excepting BH Cl4,
with a moisture content of 22 percent, the overburden also has
low moisture contents (in the 5 to 10 percent range).

Detailed testing was not carried out on material from this
deposit.

5.2.6 Community Uses

Generally, the coarse aggregate from this deposit has a high
fines content and is of fair to poor quality (Table 1). On
this basis, the material is suitable for use as granular
subbase, general £ill and pad construction.

The overburden material consists predominantly of silty sand
and silt., It is of poor quality but could possibly be useful
as general non-structural f£ill (Table 1). The material will
be difficult to work, however, and frost susceptible.

5.2.7 Development Considerations

This borrow reserve has excellent all-weather access, via the
Alaska Highway, to both communities,

The economics of extracting the gravel, with stripping ratio

of 3:1, are poor unless the overburden can be utilized for
general fill purposes, In any event, extraction will bhe

- 14 -
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limited to the frost-free period, since winter development
will be slow and costly (the material will be extremely
difficult to rip in a frozen state).

5.3 BORROW RESERVE AT MP 1087.6 (DIAND £11574)

5.3.1 Deposit Description

This deposit is situated 7 km southeast of Burwash Landing and
8 km northwest of Destruction Bay (Figure l).

The higher part of the site comprises a glaciofluvial kame
terrace and alluvial fan deposits form the surrounding
terrain. Most of the site is occupied by the kame terrace,
which has up to 10 m of relief and is well drained.

As shown on Plate C2, a portion of this reserve has been
excavated previously for granular borrow, and the vegetation
has been partially stripped in the area around the existing
pit. The undeveloped pdrtion is sparsely to densely treed.

5.3.2 Pield Investigations

Ten boreholes were drilled at this site, all to a depth of
6.0 m, Boreholes Al and A3 were located at the base of the
kame terrace, on alluvial fan deposits, while BH's A2, A6, A7
and A8 were located in the bottom of the existing pit. The
remainder of holes were on top of the kame terrace, Access to
much of the deposit was restricted by the dense forest cover
and only a limited area could be tested. Borehole locations
are shown on Plate C2 (Appendix "C"), detailed 1logs in
Appendix "A" (Plates Al6 to A25).

- 158 =
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5.3.3 Material Type

Granular material was encountered in all boreholes, with
overburden thickness ranging up to 2 m (average 0,45 m).
Boreholes Al and A3, encountered sand and dirty gravel, while
borings in the bottom of the existing pit (A2, A7 and A8)
intersected 6.0 m of clean but poorly graded gravel. The
remaining terrace, encountered poorly graded, generally clean,
gravel, with some sand lenses; overburden averaged 0.5 m in
thickness.

5.3.4 Available Volumes

The greatest potential for granular material exists in the
kame terrace, already partially developed by the existing

excavation, Available reserves exist in three areas:

a) North of the existing pit.
b) Underlying the existing pit.
¢} 8South of the excavation,

Test drilling to the north of the existing pit (BH's A4 and
A5) proves coarse aggregate reserves of 5000 m3, assuming an
average overburden thickness of 1.3 m. Estimated probable
reserves for this portion of the deposit are 18 000 m3,

Boreholes A2, A6, A7 and AB, within the existing pit (area:
2100 m2), intersected greater than 6 m of clean, poorly
graded, medium to coarse gravel, giving reserves of 12 600 m3,
with no overburden. It is unlikely, however, that the pit
will be extended below the level of the surrounding terrain,
so that proven reserves from this portion of the deposit, are

- 16 -
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estimated at about half the above total, or 6300 m3, An
additional 7200 m3 of material occurs in the vicinity -of
BH A6, giving probable reserves of 13 500 m3,

Boreholes A9 and Al0, to the east of the existing pit,
indicate greater than 6 m of coarse aggregate over an area of
1800 m2, or proven reserves of approximately 11 000 m3, oOn
the average, 60 percent of this material is expected to be
gravel sized, with the remainder predominantly sand. No
overburden was encountered in this area. Probable reserves
are estimated in the order of 50 000 m3, extending over an

area of 10 000 m2., Overburden up to 1.5 m thick is expected
over much of the latter area.

Total reserves for the M,P., 1087.6 deposit are 22 300 m3
proven and 81 500 m3 probable.

5.3.5 Material Quality

Moisture contents for this deposit are shown on the pertinent
borehole logs (Plates Al6 to A25), and grain size curves are
presented Plates B8 to BlO. Generally, the aggregate is
coarse and poorly graded, with a low fines content. Testing
of a sample from BH A4, gave a Los Angeles abrasion lossz of
13.4 percent (Plate B6), a sulphate soundness loss of 0.33
percent (Plate B7), and petrographic number (PN) of 100.2
(Table B2). The PN for a sample from BH A2 was also 100.2
(Table Bl).

5.3.6 Possible Community Uses

The results of the laboratory testing indicate the aggregate
from this deposit is of good quality (Table 1), suitable for

-17 -
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most construction purposes. The coarseness and poor grading
of the material suggest crushing will be necessary to meet the
specifications for concrete aggregate. Fines may need to be
added before the material can be used for road subgrades,
bases or surface coarse, in the event crushing does not
increase the fines content sufficiently.

5.3.7 Development Consideration

This deposit has an adequate volume of good quality material
centrally located between the two communities, to warrant
development.

Development should be continued from the existing excavation,
both deepening and widening the work area, A 100 m buffer
zone should be kept between the pit and the Alaska Highway.
Overburden, where encountered, should be separated and
stockpiled along the base of the kame terrace, for later use
in rehabilitation and reclamation (or possibly to increase
fines content of aggregate used as surface course), If
possible, the topsoil should be stockpiled separately.

Extraction should ideally he timed for the summer season.
Although moisture and fines contest are low enough to allow
winter development, this is usually a slower and more costly
process than summer development.

- 18 -
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5.4 BORROW RESERVE AT MP 1095.1 (YTG £10983)

5.4.1 Deposit Description

This borrow site is, located on the south side of the Alaska
Highway, 4 km and 18 km northwest of Burwash Landing and
Destruction Bay, respectively.

The deposit is situated on a portion of tﬁe Duke River
alluvial fan. The site is flat to gently sloping, has a
maximum of 5 m to 6 m relief, and is moderately well drained.
Depressional areas on the site tend to have poor drainage.
Plate C3 shows general site conditions.

Adjacent to the highway, the site has been stripped of
vegetation and excavated for borrow to a shallow depth. The
remainder of the study area is heavily treed, with poor access
(Plate C3).

5.4.2 Field Investigations

A total of twenty boreholes (Bl to B20) was drilled, on
November 27 and 28, 1982, to a maximum depth of 6.0 m,
Several holes could not be completed to the full depth because
of auger refusal on boulders and/or permafrost., As shown on
Plate C3, boreholes are distributed mainly in the northem
portion of the borrow reserve, since the heavy tree cover
prevented drilling test holes further back on the site,.
Detailed borehole logs are presented on Plates B26 to B45.

- 19 -




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

5.4.3 Material Type

All borings, except BH Bl7, encountered coarse and poorly
graded, subrounded to subangular, gravel, with a low moisture
and fines content, and some s=and pockets. Overburden was
absent in most of the holes as the site had previously been
cleared and partially stripped. The extreme western portion
of the deposit, which is low-lying and wet, is underlain by
peat and/or silt (1.0 m to 3.0 m deep). Permafrost was
encountered in many of the boreholes, particularly in the
southern part where the vegetation has not been completely
stripped.

5.4.4 Available Reserves

Test drilling has proven coarse aggregate in an area of
roughly 20 000 m2 (taking into account the 100 m setback from
the Alaskan Highway). Assuming a 4.5 m minimum deposit
thickness, 90 000 m3 of predominantly coarse dranular material
is indicated, with little or no overburden. Since a deposit
thickness of at least 6 m appears likely for most of the site
(but could not be proven due to permafrost), probable reserves
are estimated at considerably greater than 200 000 m3, This
probable volume should be treated with caution, however since
drilling operations were limited to the northernmost one third

of the site, due to very poor access,

5.4.5 Material Quality

Grain size curves are shown on Plates Bll, Bl4, Bl17, Bl1l8, B2l,
B22 and B23. The aggregate is generally coarse and poorly
graded, with a fines contents ranging from 1 percent to 7
percent. Material from borehcle B4 had a PN of 108.3 (Table
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B3) a Los Angeles abrasion loss of 18.5 percent (Plate B1l2),
and a sulphate soundness loss of 0.71 percent (Plate B13).
Aggregate from BH B9 had a PN of 116.2 (Table B4), an abrasion
loss of 18.9% percent (Plate Bl5) and a soundness loss of 2.66
percent (Plate Bl6). Finally, material from BH Bl4 had a PN
of 111.7 (Table B5), had an abrasion loss of 20.4 percent
(Plate B19) and a soundness loss of 2,42 percent (Plate B20).

5.4.6 Posgible Community Uses

The results of the laboratory testing indicate the aggregate

is of good quality (Table 1). The grain size curves indicate
crushing and processing will be required to produce a material
that is suitable for most construction requirements.

5.4.7 Development Considerations

This proposed borrow site has excellent access, via the Alaska
Bighwag, to both communities and is a large volume source of
good to excellent qualit& aggregate., Since a small borrow pit
is currently located on the site, development should proceed
by expansion of this existing excavation.

Landuse regulations require that a 100 m buffer zone be
maintained between the development and the Alaska Highway. As
a result mich of the existing pit will fall into this buffer
zone, Additional development should be away from this setback

area,

Test drilling encountered difficulties in penetrating the
frozen gravels and it is expected that excavation will meet
with the same problem. Development of the pit, therefore,
ghould be a summer operation., Permafrost is not expected to
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be encountered for the initial 4 or 5 m from the surface in
the portion of the deposit that has been stripped of its
surface vegetation. Expansion beyond this area will likely
encounter permafrost near the ground surface, and a thaw-strip
cycle method of mining in frozen ground is recommended. This
involves exposing a large surface area of granular material to
solar radiation to promote thawing. Excavation of unfrozen
material may then be completed in layers or strips, as the
thaw front progresses. Generally, coarse granular material
will thaw from 0.2 m to 0.4 m per day. Site clearing well
prior to development also promotes deeper thawing of the
active layer.

Materjial obtained during a summer operation can be used
directly or may be stockpiled for use during the winter
months., Moisture and fines contents are generally low enough
to permit winter development. However, ripping of undisturbed
gravel is slower and more costly than the same process during
the summer or excavating from a stockpile,

CONCLUSIONS

Findinge of the study with respect to the three possible
community gravel pit sites are, in summary, as follows:

a) The M.P. 1086.2 site is a low volume deposit of fair to
poor quality aggregate. With a 3:1 gravel-overburden

stripping ratio, development does not appear warranted
unless the overburden is used as fill material.

b) Reserves for the M.P, 1087.6 deposit are estimated at

22 300 m3 proven and 81 500 m3 probable, of good quality
aggregate, This will be suitable for most construction
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purposes, with crushing and screening required to produce

concrete aggregate.

c) At M.P. 1095.1 proven reserves are 90 000 m3 of good
quality aggregate, greater than 200 000 m3 probable.
Again though svitable for most purposes, the gravel will

require crushing to produce concrete aggregate,

The M.P. 1086.2 site is a small volume source of poor quality
gravel, with a high stripping ratio. The study results
suggest that development is probably not warranted, even if

the frost susceptible overburden materials were used for fill.

Based on material quality both the M.P. 1087.6 and 1095.1
sites are candidates for development as a community gravel
pit. However, proven and probably aggregate volumes at the
latter are considerably in excess of those of the former.
Additional testing in the southern part of the M.P. 1095.1
deposit (which presently has poor access) will likely prove

out considerably greater volumes.
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It is our conclusion that the M,P. 1095,1 borrow reserve (YIG
$10983) is most suited to development as a community gravel
pit for Burwash Landing and Destruction Bay. It will be

necessary to set up a crushing and screening operation to

produce concrete aggregate: the material may be used for fill

in the pit-run state or with only limited processing.

P s———

THE ASSOCIATION OF
PROFESSIONAL ENGINEERS,
GEOLOGISTS and GEOPHYSICISTS
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PERMIT NUMBER
P 226
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G. Dupuy, P.Geol.
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I. Jones,
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EXPLANATION OF TERMS AND SYMBOLS

The terms and symbols used on the borehole logs to summarize the results
of field investigation and subsequent laboratory testing are described in the
following pages.

It should be noted that materials, boundaries, and conditions have been
established only at the borehole locations, and are not necessarily
representative of subsurface conditions elsewhere across the site.

TEST DATA

Data obtained from laboratory and field testing are shown on the grid at the
appropriate depth interval.

The natural moisture (water) content of the soil at the time of drilling is
plotted against depth, together with the plastic and liquid limits where
determined.

Abbreviations, graphic symbols, and relevant test method designations are
as follows:

0} w natural moisture content (ASTM D 2216)
8 w plastic limit (ASTM D 424)
A w liquid limit (ASTM D 423)

NP non plastic soil

5 seepage

\ 4 observed water level

Other abbreviations and symbols are as shown on the borehole log sheet.

DEPTH

The depth of borehole below existing ground surface is shown.
Corresponding elevations sometimes are shown with respect to the datum
given.

SOIL CLASSIFICATION AND DESCRIPTION

Soils are classified and described according to their engineering properties
and behaviour.

The soil of each stratum is described using the Unified Soil Classification
System’ modified slightly so that an inorganic clay of “medium plasticity” is
recognized.

The use of modifying adjectives may be employed to define the actual or
estimated percentage range by weight of minor components. Thisis similar to
a system developed by D.M. Burmister.2

The soil classification system is shown in greater detail on page 3.

1. "Unifled Soil Classification System”, Technical Memorandum 3-357 prepared for Office, Chief of Engineering, by Water-
ways Experiment Station, Vicksburg, Mississippi, Corps. of Engineers, U.S, Army. Vol. 1, March 1953.

2. American Society for Testing and Materials. Procedures for Testing Soils, “Suggested Methods of Testing for Identifica-
tion of Soils”, 4th Ed; pp 221-233, Dec. 1964.

Page 1
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SOIL SAMPLES

CONDITION — This column graphically indicates the depth and condition of the sample:

undisturbed disturbed not recovered

TYPE — The type of sample is indicated in this column as follows:

auger sample

block sample

rock core, or frozen soil core
drive sample

Pitcher tube sample

tube sample (usually thin-walled)
wash or air return sample

other (see report text)

OsCIovO0OWm>»

PENETRATION RESISTANCE — Unless otherwise noted this column refers to the number of
blows (N) of a 140 pound (63.5 kg) hammer freely dropping 30 inches (0.76 m) required todrive a 2
inch (50.8 mm) O.D.open-end sampler 0.5 feet (0.15m) to 1.5 feet (0.45 m) into the soil, or untit 100
blows have been applied, in which case, the penetration is stated. This is the standard penetration
test referred to in ASTM D 1586.

OTHER TESTS

In this column are tabulated results of ofher laboratory tests as indicated by the following
symbols:

*C Consolidation test
Fines Percentage by weight smaller than #200 sieve
Dp Relative density (formerly specific gravity)
k Permeability coefficient
*MA Mechanical grain size analysis and hydrometer test (if appropriate)
PP Pocket penetrometer strength
*q Triaxial compression test
dy Unconfined compressive strength
*SB8 Shearbox test
80, Concentration of water-soluble sulphate
ST Swelling test
TV Torvane shear strength
Vs Vane shear strength (undisturbed-remolded)
£+ Unit strain at failure
Y Unit weight of soil or rock
Yd Dry unit weight of soil or rock
P Density of soil or rock
Pd Dry density of soil or rock

* The results of these tests usually are reported separately.

Page 2
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SOIL CLASSIFICATION SYSTEM (MODIFIED U.S.C.)

LABORATORY
GROUP |GRAPHIC| COLOR
MAJOR DIVISION TYPICAL DESCRIPTION CLASSIFICATION
SYMBOL |SYMBOL | CODE
CRITERIA
STRONG COLOR OR ODOR, AND OFTEN
HL' 1 '
HIGHLY ORGANIC SOILS Pt ORANGE | PEAT AND GTHER HIGHLY ORGANIC SOILS | [ o0 1o TEvTURE
— - - A
I oW aEp | WELL-GRADED GRAVELS, GRAVEL-SAND =gﬂ 4 1103
% 0z MIXTURES, < 5% FINES Cumpa®6 Co= Fybyg ~ ' 1°
w T, CLEAN GRAVELS
7 wCEG ap RED POORLY-GRADED GRAVELS, AND GRAVEL- NOT MEETING ALL
2 il 52 w SAND MIXTURES, < 5% FINES ABOVE REQUIREMENTS
~N > T o W -
' ZILu
g | =229 . i ATTERBERG LIMITS
" ez oM VELLOW |SILTY GRAVELS, GRAVEL-SAND SILT BELOW “A" LINE OR
2z FEg MIXTURES > 12% FINES In< 4
of we DIRTY GRAVELS p
ek g& CLAYEY GRAVELS, GRAVEL-SAND-GLAY ATTERBEAG LIMITS
W = GeC YELLOW ' - - ABOVE "A" LINE,
z0 MIXTURES > 12% FINES 1.5 7
< o P
5 :
= WELL-GRADED SANDS, GRAVELLY SANDS D (Dyg)
% SW RED ’ ' =60 Com — B = 1t
§ E ﬁ-zz < 5% FINES Cu Dy >4 Ce Diox Dao °3
$x - Ea CLEAN SANDS
2z oEs P REp | POORLY-GRADED SANDS, OR GRAVELLY NOT MEETING ALL
v EE SANDS, = 5% FINES ABOVE REQUIREMENTS
3 -t 1 ATTERBERG LIMITS
= [7]
z “gz= sM veLLow | SETY SI:NDS, SAND-SILT MIXTURES BELOW A" LINE OR
z F2¢ > 12% FINES Ip< 4
w
w g DIRTY SANDS
= b4 ATTERBERG LIMITS
oz LAYEY SANDS, SAND-CLAY MI
g £33 SC veLtow | © SANDS, SAND CLAY MIXTURES ABOVE "A" LINE OR
- = 12% FINES Ip>7
T SILTS INORGANIC SILTS AND VERY FINE SANDS,
H - ML GREEN | ROCK FLOUR, SILTY SANDS OF SLIGHT W < 50
w PLASTICITY CHART; PLASTICITY
% NEGLIGIBLE ORGAI:IIC INORGANIC SILTS, MICACEOUS OR
pos MH BLUE | DIATOMACEQUS, FINE SANDY OR SILTY W > 50
] CONTENT
™ SOILS
=i 7 INORGANIC CLAYS OF LOW PLASTICITY,
g @ CLAYS cL GREEN | GRAVELLY, SANDY, OR SILTY CLAYS, LEAN | W, <30
X GLAYS
o =
2. ABOVE "A" LINE ON cl GREEN- | INORGANIC CLAYS OF MEDIUM PLASTICITY |+ 50 « 350 SEE CHART
25 PLASTICITY CHART; / BLUE | SILTY CLAYS L= BELOW
a g NEGLIGIBLE ORGANIC Py
w o CONTENT / INORGANIC CLAYS OF HIGH PLASTICITY,
z3 CH BLUE w50
To ] FAT CLAYS
al > I’
[l ]
z RN ORGANIC SILTS AND ORGANIC SILTY CLAYS
= | -
i ORGANIC SILTS & ORGANIC CLAYS oL Ak GREEN | 0ty oW PLASTICITY wp < 50
= [
w BELOW “A" LINE ON
g PLASTICITY CHART OH BLUE | ORGANIC CLAYS OF HIGH PLASTICITY W > 50

PLASTICITY CHART

% i i i i Ve
Toughness and dry strength increase CH /
a and wi ! )
1. Al sieva sizes mentioned on this chart are U.S. Standard, ASTM E11. A 407 with Increasing plasticity Index when v
= comparing soils at equal liquid limit.
2, Boundary classificat] p ing, ch teristics of two groups are given g \‘\x\@
combineds group symbols eg GW-GC Is a well-graded gravel-sand mixture with - 30 e ™A
clay binder batween 5% and 12%. [= cl
o or
3. Soll fracti and limiting textural b ies are in accordance with the Uni- B 20 P OH
fied Soll C ification System, pt that an inorganic clay of medium plas- j cL /
ticity (C1) Is recognized. o /
10
4. The following adjectl may be employed to define percentage ranges by 7l-=- - ML
welght of minor components: Y T cL: ""-" or
ol oL
and 50 - 36%
some 35 - 21% Q 10 20 30 40 50 €0 70 80 80
{ittle 20 - 1% LIQUID LIMIT W
trace 10- 1%
HARDY ASSOCIATES (1978) LTD.
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BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING = DESTRUCTION BAY

GRAVEL STUDY MP 1086.2

LOGGEDOWN. JD/TF |CXD. GD DATE OF IVEST. Nov, 26, 1982 |40BNO. CG 10047 HOLENO. (-1
WATER CONTENT SOIL DESCRIPTION [soiL SAMPLE|  DRILLTYPE
wp-O W-O W.a DATUM § g ‘Rotary
PERCENT % DEPTH

SOIL SYMBOL

0 » ] @® w0 [ m SURFACE ELEVATION E E OTHER TESTS

SILT some clay and organics, ' 1
dark brown ' -

.QaaygL silty, brown, fine to a1 Grain size -
medium, poorly graded (see P1. B=1)

1|1 SAND silty, little gravel, very
fine to fine~grained

|}--- less gravel

5 E:r--trace gravel -

s ff—- very fine-grained sand, little Al
: gravel

Bottom of Hole at 6.0m

Plate A-l
HTO8 - 79/05
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| | BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING -~ DESTRUCTION BAY
l GRAVEL STUDY .
M a2
LOGGED/DWN. g1, /mp CXD. GD DATE OF INVEST. Nov. 26, 1982 |[JOBNO.CG 10047 HOLENO. (-2
WATER CONTENT T g SOIL DESCRIPTION ISOIL SAMPLE _ DRILL TYPE
l wp-O W-O w-aA £ | oaTum § g Rotary
PERCENY % DEPTH § ’ E E B
I v 0 & w0 ] m SURFACE ELEVATION OTHER TESTS
SILT sandy, organic, reddish- i
brown 1
l :[{ sSAND very gravelly, some silt, '_'
1 ]l trace c¢lay, dry, (Till-like)
-~ H: Al Grain size o
[ (see Pl. B-2)
E -
' 2 t 9 —
' 1
3 K X -
lL. g GRAVEL some silty sand, dirty .
l 4 K1 sAND silty, very fine to fine- -
E I grained |
. B i -~ little gravel ]
5 | -
l ) :
: : A2 ;
i o [
Bottom of Hole at 6.0m 1
r
l ]
Plate A-2
MTOB - T9/05
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BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING =~ DESTRUCTION BAY
GRAVEL STUDY

MP_1086,.2
LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. Nov, 26, 1982 JOBNO. G 10047 HOLENO. (C=3
WATER CONTENT 80IL DESCRIPTION lsoiL sAMPLE | DRILL TYPE
wp-O w-O WA DATUM § E Rotary

SURFACE ELEVATION
TQPSOIL organic, silty clay,

\ngrk brown J[- :

SAND very fine to fine-grained,
:‘/{ silty, some gravel, little clay,
1 I - eriri-1ike) X n

DEPTH
10 »n 20 L 0 [ ] m

SOIL SYMBOL

OTHER TESTS

al R

A2 .

V04 GRAVEL sandy, some silt, to
2d 25mm ¢, poorly graded, very fine "
to fine-grained sand .

o3t - - silty, brown ' ]

Bottom of Hole at 6.0m

Plate A-3
HTO8 - T9/05
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BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MD —M—
LOGGED/OWN, JD/TF |cxn. GD DATE OF INvEsT. Nov. 26, 1982 |soBnNo. CG 10047 HOLENO, C~4
WATER CONTENT S0IL DESCRIPTION SOIL. SAMPLE DRILL TYPE
wp-0D w-0 W,-4 é DATUM § g “Rotary
PERCENT % DEPTH § . E E E
Ww W W 4 % & m SURFACE ELEVATION OTHER TESTS
T[] sILT organics, sandy, reddish- )
:[1 \Lbrown _/- 4
|1 8AND silty, very fine-grained, 4
41 1little clay N
1 M4 -- some gravel to 25mm @, some -
‘H silt, trace clay XAI .
it ]
2 ] -
1 1
4
3 - -
GRAVEL, some silty sand, poorly 4
Yvd graded, subangular to subrounded .
: ' R A2 Grain size ‘
(see P1. B-3)
4 ,.Q =
5 [+ l: —
1y .
2 -
P
6 -
Bottom of Hole at 6.0m 4
-
Plate A-4
HTO8 - 79/05

E ———————————————




HARDY ASSOCIATES (1978) LYD.

~BOREHOLE LOG

9 CONSULTING ENGINEERING & PROFESSIONAL SERVICES PROJECT BURWASH LANDING - DESTRUCTION BAY
' GRAVEL STUDY
MPp 1088, .2
LOGGED/DWN.  JD/TF | cxo. GD DATE OF INVEST. Nov. 26, 1982 [JoBNO. CG 14007 HOLE NO. C-5
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE] DRILL TYPE
wp-0 w-0 WL- A DATUM ! g Rotary
PERCENT % DEPTH § E E B
0 X % 4 = m SURFACE ELEVATION OTHER TESTS
F%TWIQBQQIL_ organic, reddish=brown A i
i'|]] saND silty, brown, very fine- i
1K grained, little clay -
|} -- trace gxavel
1
1 k) Al B
tY) i X ]
| ]
| -
2 L -
1K )
| .
i -
3t 1 -
] 4
] 1
ol 1K .
GRAVEL sandy, some silt, some 1
5 clay, (Till=-like) :
4
Ve N/ d
A 4 . N
A2 Grain size J
6 (see Pl. B=4

Bottom of Hole at 6.0m

e

Plate A-5

HYOB - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES BURWASH LANDING ~ DESTRUCTION BAY
DY
GRAVEL STU MP 1086,2
LOGGED/OWN. JD/TF cho. GD DATE OF INVEST. Nov. 26, 1982 [JOBNO.CG 10047 HOLENO. C-6
WATER CONTENT S80IL DESCRIPTION SOIL SAMPLE DAILL TYPE
wp-0O w-Q W-A E DATUM § g ﬁotary

0 W W & % 0 m SURPACE ELEVATION OTHER TESTS
TOPSOIL s=silty, sand, some . .
erganics, dark brown y
1] saND silty, brown, dry, very -
:5 fine~grained, little clay 7
1 }{}-- trace gravel -
2 -
13 -
1 .
3 E g L .
:1 4
3 : j -y
4 {1¥--very gravelly, some silt and -
s ] clay, (Till-like) Al Grain size
(see Pl. B=5) -
5 -

6 .

Bottom of Hole at 6.0m

Plate A-6
MTO8 - 70105




BOREHOLE LOG
HARDY ASSOCIATES (1978) LID. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING -~ DESTRUCTION BAY

GRAVEL STUDY p )
1P_1080.2

LOGGED/OWN. JD/TF CKD. GD DATE OF INVEST. Nov. 26, 1982 [JOBNO.CG 10047 HOLENO. (=7

WATER CONTENT $OIL DESCRIPTION SOIL SAMPLE DRILL TYPE

wp-O WwW-0O W.aA DATUM E g g Rotary

PERCENT % DEPTH E E S
SURFACE ELEVATION OTHER TESTS

SILT sandy, brown, trace clay, -
very fine to fine-grained sand, 4
(Till-1ike) 4

SO SYMBOL

10 » % L) ] [ m

1 L—- trace gravel -
‘ .

X al -
--- 1ittle to some gravel

5 L -- trace gravel -

Bottom of Hole at 6.0m .

Plate A-7
HTO8 - 79/05
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' BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1086.2
LOGGED/DWN. JTD/TF | cKD. GD  |DATEOFINVEST. Nov. 26, 1982 |J0BNO. CG 10047 HOLENO. (-8
WATER CONTENT SOIL DESCRIPTION ~ |sOIL SAMPLE DRILL TYPE
wp-0O w0 wW-a DATUM § g Rotary
PERCENT % DEPTH § E E g
W W W & %N & m SURFACE ELEVATION OTHER TESTS
%nsand, coarse, some silt, |
PEAT dark brown, fibrous, some .
organic silt -
1 o -
]} S8AND silty, medium to coarse- -
|1 ograined, brown, some clay -
| "
2 Hi; -
11 .
2|1
3 |}-- trace gravel -
! 1
3
4 HB “
- .
1113 4
%] GRAVEL some very fine sang, Al T
trace silt ]
6
Bottom of Hole at 6.0m A
.
ﬁ
Plate 2-B
HTO8 - 78/05




_ BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT -
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING =~ DESTRUCTION BAY
GRAVEL STUDY MP 10862
LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. Nov, 26, 1982 JOBNO. CG 10047 HOLE NO. C=9
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE] . ORILL TYPE
wp-O W-O w.-a DATUM é g Rotary
]
PERCENT % DEPTH § E E g
10 W W & W 0 m SURFACE ELEVATION OTHER TESTS
H-]§ SAND silty, brown, very fine- J
i grained, some clay ]
9
5 1 f|:[§-- siity, fine-grained, trace 1 -
- s gravel, dark brown A :
2 -
5 .
3 ] =
: -
4 :|3--- 1ittle gravel -
)] .
: -
5 oY -
63 GRAVEL sandy, little silt, 1
" subangular .
o e A2 1
6
Bottom of Hole at 6.0m -
-
-
Plate A-9

HTOB - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING -~ DESTRUCTION BAY
GRAVEL STUDY MP 10856.2
LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. vy, 26, }982 JOBNO. ~» 10047 HOLENO. ~_10
WATER CONTENT g SOIL DESCRIPTION SOIL SAMPLE DRILL TYPE
wp-0O w-0O W-a £ DATUM Eg ‘RotarY

0 M 0 4 0 ®0 m SURFACE ELEVATION OTHER TE5TS
SILT sandy, brown, trace clay, -
very fine to fine-grained sand, | i
(Till-like) 4
1 L-— little to some gravel, fine- XM -
grained sand -
2 —
3 —
4 —
Bottom of Hole at 4.5m 1
5 Refusal on boulders ‘ =
y
—
f
-
o

Plate A-10
HTO8 - 70/05
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BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1086.2
LOGGED/OWN. JD/TF cKD.  GD DATE OF INVEST. Nov, 26, 1982 [JOBNO.CG 10047 HOLENO. (-11
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE] DRILL TYPE
wp-0O w-0O W4 i DATUM F-g Rotary

0 W B 0 W w m SURFACE ELEVATION ¥ OTHER TESTS
organic, reddish=brown .
SILT sandy, light brown, fine- b
grained sand, (Till=like) -
-
1 —
: -— some .gravel, trace clay :
[ {
2 —
3 —
4 -
4
5 —
g .
D) l A2 i

6

Bottom of Hole at 6.0m .
J
4
-
-

Plate A~]l
HTOB - TON6
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PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING ~ DESTRUCTION BAY
GRAVEL STUDY MP_1086,2
LOGGED/OWN. JD/TYF CKD. GD DATE OF INVEST. Nov. 26, 1982 |JOBNO.CG 10047 HOLENO. (=12
WATER CONTENT i $OIL DESCRIPTION SOIL SAMPLE DRILL TYPE
wWp-D wW-0O W,-A £ DATUM E! f{otary
0w W W W W W m SURFACE ELEVATION « OTHER TESTS
TOPSOIL organic, sandy, brown
SILT sandy, brown, little to
some clay, (Till-like)
1l
2 r__ trace gravel
3 .- clayey, little gravel
4
L—— trace gravel .
o) Al
: 5
6
Bottom of Hole at 6.0m
-
Plate A-12
HT0B - 79/05




BOREHOLE LOG

HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY Mp_1086,2
LOGGED/DWN. JD/TF |cKo. GD DATE OF INVEST. Nov. 26, 1982 [J0BNO. CG 10047 HOLENO. (-13
WATER CONTENT 80IL DESCRIPTION SOIL SAMPLE _ DRILL TYPE
wp-O W-O Wg.a DATUM § g Rotary

10 » 20 0 W [ m SURFACE ELEVATION OTHER TESTS

SILT sandy, greyish=brown, _
(Till-like)
l -
) al i
-- trace clay, gravel .
2 —
3 —
4 -
5 -—
q
Az -
6

Bottom of Hole at 6.0m -
= b

Plate A-13
HTOB - T9/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT -
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY
MP_1086,2
LOGGED/DWN. JD/TF |cko.  GD DATE OF INVEST. Nov. 26, 1982 [Jo8NO. CG 10047 HOLE NO. C~14
WATER CONTENT S0IL DESCRIPTION OIL SAMPLE] _ DRILL TYPE
wp-O W-O W.A E DATUM g ! Rotary
w W 3 o K W m SURFACE ELEVATION OTHER TESTS
-4 PEAT topsoil, dark brown -
=2 .
l Py . i
CLAY organic, silty, brown, wet 4
2 —
-~ medium to high plastic, trace Al A
organics b
\ GRAVEL some clayey silt _/
3 Bottom of Hole at 2.6m m
-
L
' ]
4
Plate 2A-14
HTOB - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT
BURWASH LANDING - DESTRUCTION BAY
CONSULTING ENGINEERING & PROFESSIONAL SERVICES GRAVEL STUDY
MP_1086,2 ‘
LOGGEDOWN. JD/TF [exo.  GD DATE OF INVEST. Nov., 27, 1982 [J0BNO.CG 10047 HOLENO. C-15
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE i DRILL TYPE
wp-0O W-0O WA £ | oaTum g g Rotary
0 M % 0 KW w0 m SURFACE ELEVATION OTHER TESTS
FILL silt, sandy, some fine 4
gravel, brown -
: e
1 -
.
PEAT organics, sandy, reddish- A
brown )
2 —
.
-
. 3 ﬁ
SILT organic, sandy, some T
gravel, grey l
4 L
5 —
-y
-.% Al 1
6 GRAVEL some silty sand,
\ subangular 1
r
Bottom of Hole at 6.0m -
-
- ]
Plate A-15
HTO8 - T9/05




BOREHOLE LOGS
M.P. 1087.6

HARDY ASSOQOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES



BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
)4
GRAVEL STUD P 1087.6
LOGGED/DWN. JD) /TF cXD.  GD DATE OF INVEST. Noy, 27, 1982 [JOBNO.CG 10047 HOLENO. A-]
WATER CONTENT S$0IL DESCRIPTION SOIL SAMPLE] DRILL TYPE

wp-0O w-0 WA DATUM E § ! ) Rotary

PERCENT W DEPTH E E E
SURFACE ELEVATION OTHER TESTS
FILL gravel, crushed, mixed .- -
with sandy clayey silt : J

‘3] GRAVELL, medium subangular, well-
;2] graded, some sand and silt

0 o »n L] ] L] m

SAND silty, dark brown, very .
fine to fine=-grained, little to
some clay

:|}-- trace gravel

5 [ GRAVEL coarse, subangular, some -
silty sand, black .

23

s |

S A2

Bottom of Hole at 6.0m ' -

i ST

e

Plate A-16

HTOB - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY

' GRAVEL STUDY MP 1087.6
LOGGED/OWN. D /TF CKD. GD DATE OF INVEST. Nov, 27, 1982 [4OBNO.CG 10047 HOLENO. A-2
WATER CONTENT i $0IL DESCRIPTION SOIL SAMPLE]  DRILLTYPE

wp-0 w-O WA DATUM E E §g -Rotary

PRACENT % DEPTH § E E
SURFACE ELEVATION OTHER TESTS

FILL gravel, crushed, trace 4
sand

GRAVEL fine to medium, trace -
sand, clean b

¥
]
Aebed,

Petrographic |
: Analysis .
e, (Table B-1) _|
id L.A, Abrasion]
(Plo B-B)
Sulphate

Soundness
A2 (rl. B~7)

r

-=- medium, some sand

Bottom of Hole at 6.0m

Plate A-17

HE G I B G B A A B R AN B T U D BN B BN e
o+
e
PR |

HTOR - T9/05




I BOREHOLE LOG
HARDY ASSOCIATES (1678) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION ‘BAY
l GRAVEL STUDY MP_1087,6
LOGGED/OWN. gp/TF  |CKD-  GD DATE OF WVEST. Nov, 27, 1982 |40BNO. oG 10047 HOLENO. p-3
' WATER CONTENT \ $OIL DESCRIPTION BOIL SAMPLE|  DAILLTVPE
Wp- W-O Ww-a DATUM g § Rotary
l W W M 0 w  w m SUREACE ELEVATION OTHER TESTS
;|1 SAND fine, silty, some medium 1
. | gravel, brown -
) L -4
1 -
l - SILT sandy, trace volcanic ash, b
brown Al 4
-
2 n - -
:|§ SAND fine to medium—~grained, i
1K silty, dark brown .
1K
' {8 "
l 3 | -
|:[§--- trace gravel 1
l 4 P4--- coarse, little silt, some ’ T -
‘ - gravel, dark brown. -
' 5 |- -
,::: -— trace coarse gravel ]
l 6 4 l.
I Bottom of Hole at 6.0m -
r
Plate A~18
HTOB - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH ILANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1087.6
LOGGED/DWN. JD/TF JCKD. GD DATEOF INVEST. Nov. 27, 1982 |J9BNO.CG 10047 HOLENO. p_g
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE DRILL TYPE
we-O W-O W.aA E DATUM g ! ‘Rotary
PERCENT w DEPTH § E E E
W W X & 0 © m SURFACE ELEVATION OTHER TESTS
$IILT sandy, brown, frozen 4
GRAVEL 1_|_\edi-um, some sandy silt, :
1 unfrozen
l -
Al -
2 -- clean, trace sandy silt, =
coarse, ‘subangular, well- 4
graded = . ‘ =
Petrographic ]
3 = —
FZ A2 Analysis
(Table B=2)
Sulphate -
Soundness d
1..A, Abrasion]
' (P1. B-8) |
5 % -
Q ]
o,
6 =
Bottom of Hole at 6.0m
1
Plate A=-19
HTOB - 79/06




HARDY ASSOCIATES (1978) LTD.

BOREHOLE LOG

PROJECT

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

BURWASH LANDING = DESTRUCTION BAY

GRAVEL STUDY

. MP 10876
LOGGED/OWN, TD/TF CXD. D DATE OF INVEST. Nov, 27, 1982 lJoeNo. cG 10047 HOLENO. A~
WATER CONTENT $O0IL DESCRIPTION SOIL SAMPLE DRILL TYPE
l wp-0 w0 Vlt- A DATUM é g * Rotary
PERCENT % § E E
W W™ W o 0w SURFACE ELEVATION OTHER TESTS
l SILT sandy, reddish-brown 1
L 4
' @ GRAVEL wmedium, some sandy silt, N
| Y21 1
0 -
' f )
iy u-. 4
l -~ trace brown silty sand 7
1
l Bottom of Hole at 6.0m 4
l J
r
i ' 4
Plate A-20
HTOB - 79/08




1
I BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
i SRATEL STOT M 1087.6 |
LOGGED/OWN.  Jp/TF |CKD.  GD DATE OF INVEST. Nov. 27, 1982 |40BNO.cG 10047 HOLENO. p_¢
WATER CONTENT SOIL DESCRIPTION OIL SAMPLE DRILL TYPE
' wp- 0O w-0 W-a DATUM § g Rotary
[ ]
PERCENT % DEPTH § E E E
I W W™ W & W0 W m SURFACE ELEVATION OTHER TESTS
;] GRAVEL to 20mm @, well-graded, ]
g, some silty sand J
1 f=y-- coarse, to 50mm ¢4, angular, =
% poorly graded, few fines .
Q‘ ' Grain size ]
Al b
*.- : z (see P1., B=B)
' 2 -

[
S0
ry 'l

A2 .

3 &g -- 25-50mn By subanguiar Z -

T,

23—~ 20mm @, well-graded -

[ 53]

A3 .

Bottom of Hole at 6.0m

- we em wm ew

-

Plate A-21

MTO8 - 78/05




BOREHOLE LOG
HARDY ASSOCIATES (1678) LTD. PROJECT
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1087.6
LOGGED/OWN. Jp/TF  ]CKD. GD DATE OF WVEST.Nov, 27, 1982 JOBNO. CG 10047 HOLENO. A-7
WATER CONTENT g $OIL DESCRIPTION OIL SAMPLE]  DRILLTYPE
Wp-O W-O W.a DATUM § §| Rotary
PERCENT % DEPTH E g g
0 W % 4 0 ® m SURFACE ELEVATION OTHER TESTS
GRAVEL 20mm #, subangular, some -
silty sand, brown -
1 K JZ Al -
) 7
)
| Au) -
2 B ]
£y 4
e 4
;':"- -« medium gravel _:
3 ) 2 A2
4 —
ﬁ
5 —
4
-- sandy, dark brown q
6
Bottom of Hole at 6.0m ‘
4 -
Plate A=-22

HTO8 - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULYTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY

GRAVEL STUDY MP_1087,6

LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. Nov, 27, 1982 [JOBNO.cG 10047 HOLENO. p_ ¢
WATER CONTENT SOIL DESCRIPTION SOIL. SAMPLE . ORILL TYPE
wp-D w-0 w,-a DATUM E E g Rotary

OTHER TESTS

1 W %™ & © e m SURFACE ELEVATION
J| GRAVEL poorly graded, some 4
sand, brown §

R

‘2 -- fine, some sand ZAl Grain size A
) (see P1, B~9) J

-"":--— sandy, dark brown A2 1

Bottom of Hole at 6.0m

v

Plate A-23

HTOB - T9/05




.. -l

o = s

BOREHOLE LOG 1
HARDY ASSOCIATES (1978) LID. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BRURWASH LANDING = DESTRUCTION BAY
GRAVEL STUDY VP 1087 .6
LOGGED/OWN. JD/TF ¢kp. GD DATE OF INVEST. Nov, 27, 1982 [JoBNO. CG 10047 HOLENO. A-9
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE ‘D“'u- TYPE
wp-O W-0 Wq-a i DATUM g § Rotary

w W X 0 =0 W SURFACE ELEVATION OTHER TESTS
Il SAND silty, reddish-brown, dry, -
LI)]l very fine-grained, trace clay )
1B d
L : -
H:|}-- some gravel, to 100mm @, poorly i
1N graded 7
| .
| -
- i
. s
1Bt _'
, Al )

- 73 GRAVEL some silty sand, reddish-

¢y brown b
¥y ]
r w
': b
A2 ]
Bottom of Hole at 6.0m 4

Plate A-24
HTOB - 79/05




BOREHOLE LOG

HARDY ASSOCIATES (1978) LTD. PROJECT

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

BURWASH LANDING -~ DESTRUCTION BAY
GRAVEL STUDY

MP_1087,6
LOGGED/OWN. JD/TF [ckp. GD DATE OF INVEST. Nov. 27, 1982 lsoswno. CG 10047 HOLE NO. A~10
WATER CONTENT i 80IL DESCRIPTION ISOIL SAMPLE]  DRILLTYPE
Wp-O W-O0 W.a DATUM § §| =motary
PERCENT % g E E E
0 W % 4 s ®0 SURFACE ELEVATION OTHER TESTS
91 GRAVEL to 25mm @ little ]
2% sand, brown .
1
) 17 i i i
A8l.-.- gravel sizes to 50mm @& Al Grain size
& (see P1l, B~10)]
Y
) B
$1-- finer gravel sizes, ]
%& poorly graded )
:& :
q
SAND trace coarse gravel, dark 4
brown g
A2 A
Bottom of Hole at 6.0m .
o
-
—
-
-
’ -
]
Plate A-25
HTO8 - 79/05




BOREHOLE ILOGS
M.P. 1095.1

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
GCONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY

GRAVEL STUDY M27109§ 1 |

LOGGED/OWN. JD/TF |cko. @D DATEOFINVEST. Nov. 27, 1982 [J0BNO.CG 10047 HOLENO. B-1

WATER CONTENT SOIL DESCRIPTION QIL SAMPLE DRILL TYPE

wp-D0O w-0 w.-a DATUM E g ‘Rntary

v @M W © w0 w0 m SURFACE ELEVATION OTHER TESTS
SILT sandy, trace volcanic ash, . j
--_brown Vo i
.' GRAVEL c¢oarse-grained, 75mn, i
& medium graded ]
1 B -
SAND coarse, silty, some gravel .
2 : -
GRAVEL medium, subangular, Al T
little silty sand 1
3 -
,, ]
f4-- finer, to 25mm @ i
i X A2 1
4 P .
- ﬁ? )
& ~
5 Bif -~ trace cobbles L.A. Abrasior]
: XAS (P1. B-13) ]
v Sulphate 1
7% Soundness ]
33 (PL. B-16) ]

6

Bottom of Hole at 6.0m 4

Plate A-~26
HTO08 - 79/05

g O




el

o BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1095.1
'Loaozomwu. Jn/TF |cuo. GD DATE OF INVEST. Nov. 27, 1982 JJ0BNO.CG 10047 HOLENO. B-2
WATER CONTENT SOIL DESCRIPTION SOIL SA_I'A_PLE ORILL TYPE
l wp-0O w-0 W,-A DATUM E 5 I:Qotary
10 W % & W w® m SURFACE ELEVATION OTHER TESTS
l TOPSOIL organic, volcanic ash 4
. . /- -
A GRAVEL, goarse, to 50mm ¢, i
' ] -sandy, clean J
1 i L=
i o
' D) & .
- ; X Al Grain size ]
2 % (see P1, B-11)
el cobbles, frozen ]
Bottom of Hole at 2.5m 7
3 Refusal on frozen cobbles -

Plate A-27

HT08 - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. SROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING = DESTRUCTION BAY
GRAVEL STUDY
. MP_1095,1
LOGGED/OWN.  JD/TF |cKD. GD DATE OF INVEST. Nov. 27, 1982 lsoeno.CG 10047 HOLE NO. B-3
I WATER CONTENT $OIL DESCRIPTION OIL SAMPLE|] DAL TYPE

—

wp-0 w-0 WA
PERCENT % DEPTH

SO SYMBOL

DATUM _ E § § Rotary

SURFACE ELEVATION E i OTHER TESTS

GRAVEL coarse, to 75mm @, medium
graded, little sandy silt j

10 » » 40 ] w . m

]

N 2

1 k2d--- finer gravel to 65mm @ I

12
X

Al 1

3 o ==

Bottom of Hole at 3.0m .
Refusal on cobbles y

P

PR E E

Plate A-28

HTO8 - 79/05




'l - BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT -

CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY

'r GRRVEL STUDY MP 1095.1
LOGGED/DWN. JD/TF |cxo. GD DATE OF INVEST. Nov., 27, 1982 [JOBNO.CG 10047 HOLEND. B-4
WATER CONTENT S80IL DESCRIPTION OIL SAMPLE) DRILL TYPE
IF wp-0 W-0O W-A DATUM E g :Rotarxr
v W W 0 B ®0 m SURFACE ELEVATION OTHER TESTS
l Y GRAVEL coarse, to 75mm &, some 4
Y silty sand J
Nd '-- finer gravel, 20mm @, poorly )
l graded d
| 1 -
l -~ cobbles )
2 -
1 5 -
| 'S W.-.- coarse gravel, to 50~75mm &, EZ Al ]

some silty sand, grey

;’gﬂg 5

&

()

A

A -
.‘ >,
»

s
i
[
-

s

AN

e
£

2
A

Sk

Petrocraphic 7
Analysis T
(Table B-3) 7
L.,A. Abrasiof]
(Pl. B-12) 1
Sulphate :
P A2 Soundness
4~ coarse, subangular to subrounded (pl. B~13) .

'
%

-

J

Bottom of Hole at 6.0m 1

Plate A-29
HTOB - 76/06

L
-




BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT “
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY Mp 1095.]
LOGGED/DOWN. JD/TF |CKD. GD DATE OF INVEST. Nov, 27, 1982 [JOBNO. CG 10047 HOLE NO. R-5
WATER CONTENT S$OIL DESCRIPTION SOIL SAMPLE DRILL TYPE
wp-0O w0 WA DATUM E g Rotary
w W W 0 K w0 m SURFACE ELEVATION OTHER TESTS
; GRAVEL coarse, to 75mm @, trace |
1 silty sand ) -
M:& -- finer gravel, to 25mm @, well-
o 1
X graded, some silty sand ]
1 ’9‘;.3 -
% J
6 4

W--- coarser gravel, subangular to

o to subrounded

A2 .
\ ]

s P cobbles

- Bottom of Hole at 4.0m i

Refusal on cobbles

Plate A~-30
HT08 - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY
MP 1095,1
LOGGED/DWN. JD/TP CXD. GD OATE OF INVEST. Nov, 27 , 1982 JOBNO. 3 10047 HOLE NO. B-6
WATER CONTENT g 80I.. DESCRIPTION ISOIL SAMPLE DAILL TYPE
Wp-D W-O W.a 2 | oavum : g §] rotary
PERCENT % DEPTH § . E E g

[ ] 0 0 40 [ ] 0 m SURFACE ELEVATION OTHER TESTS

(¢! GRAVEL to 50mm @, some silty . ]
> sand, dark brown

{1 . _ cobbles zz )
N5 Al 4
5 1
2 ke -
78 ]
% i
3 BB-- trace cobbles -
ol a2 J
o ]
a B 4
s r
2t . cobbles, frozen

Bottom of Hole at 4,.5m . j

5 Refusal on cobbles and
permafrost '
-
-
Plate A-31
HTO8 - 79/05

e T




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PAOFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
EA 002X LI
LOGGED/OWN. JD/TF €KD. GD DATE OF WEST. Nov, 27, 1982 [JOBNO. CG 10047 HOLENO. B~7
WATER CONTENT $OIL DESCRIPTION OIL SAMPLE] .omu. TYPE
wp-D W-O WA é DATUM § g Rotary
PERCENT % DEPTH § E E E
10 ) 0 0 [ ] [ "] m SURFACE ELEVATION OTHER TESTS

)

SILT organic, sandy, reddish-

I — brown /] .
GRAVEL coarse, clean, poorly .
graded -
1 —
%4 — - subangular to subrounded Ez Al Grain size

(see P1l, B-147

- cobbles

w1 finer gravel

e

it cobbles, frozen A2 .

Bottom of Hole at 4.0m
Refusal on frozen cobbles

Plate A-32
HTOB - 79/05




BOREHOLE LOG

HARDY ASSOCIATES (1978) LTD. PROJECT

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY

MP_1095, 1

Loaaeoown. JD/TF  |exo. GD DATE OF INVEST. Nov. 27, 1982 |J08NO.CG 10047 HOLENO. B-8
WATER CONTENT SOIL DESCRIPTION TSOIL SAMPLE DRILL TYPE
Wp-0 W-O W:-a E DATUM Eg Rotary
PERCENT % DEPTH § E E g

0 M W 0 W W m ? | SURFACE ELEVATION OTHER TESTS
8ILT organic, sandy, reddish- _
4 brown, frozen — d
5] GRAVEL to 35mm @, some silty 1

J] sand, angular, frozen
1 -
o ._ -+
b Z Al .
€ .
2 k& -
,a 4
\Qf :
3 B -
J
i-- sandy, cobbles d
A2 '
= 4
Bottom of Hole at 4.0m :
Refusal on frozen cobbles |
-1
E
w
q
Plate A-33

HTOB - 78/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LID. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING ~ DESTRUCTION BAY
GRAVEL STUDY MP 1095.1
LOGQGED/OWN. JD/TF CKD. GDh DATE OF INVEST. Nov, 28, 1982 JOBNO. cG 10047 HOLENO. R-9
WATER CONTENT 80IL DESCRIPTION OIL SAMPLE DRILL TYPE
wp-O W.0 W-A DATUM g §| rotary
PERCENT % DEPTH E E 5
10 ] » [ ] [ ] [ ] ] SURFACE ELEVATION OYHER TESTS

* N
K5 FILL sand, silty, coarse, some

oy
:::: gravel, frozen -
4 GRAVEL angular, to 25mm @, some B
&) silty sand, unfrozen 1
1 ﬁz -
Al i
%4-- finer, gravel to 15mm : .

[|--- coarser, to 35mm

: 'ZJ A2 Petrographic A
285)--- subangular to subrounded, Analvsis -

poorly graded | (Table B=4) .1

L.A., Abrasionj

(Pl. B~15) 1

Sulvhate .
Souncness -

(Pl. B-~16) 1

Bottom of Hole at 6.0m

g

24 -

Plate A-34
HTO0B - 79/06




N BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING = DESTRUCTION BAY
GRAVEL STUDY
.I MP_1095.1
LOGGED/OWN. JD/TF CKD. GD DATE OF INVEST. Nov, 28, 1982 JOBNO. CG 10047 HOLENO. B-10
WATER CONTENT S$OIL DESCRIPTION ISOIL SAMPLE PRILL TYPE
.r Wp-O W-O w.A DATUM - §| Rotary
PENCENT % DEPTH § E E E
1 M W & 8 ™ m SURFACE ELEVATION OTHER TESTS
o3
. 'd GRAVEL some silty sand, frozen ;
o ’
lFL £ Z Al 4

Bottom of Hole at 1.0m
Refusal in frozen gravel

g4 L 3

(X]
1

|

'R

&

I GE B O =N & =B e
l

'l

o

i

2

.

Plate A-35
HTOB - 79/05

B S




i BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
I GRAVEL STUDY MP 1095.1
LOGGED/DWN. JD /TF CKD. GD DATE OF INVEST. Nov, 28 v 1982 JOB NO. cG 10047 HOLENO. p_1]
WATER CONTENT S0IL DESCRIPTION Ol SAMPLE ORILL TYPE
' Wp-O W-Q W.aA DATUM § g Rotary
PERCENT % E E s
0w » o 4 0 ©w SURFACE ELEVATION OTHER TESTS
I GRAVEL, sandy, little silt, well i
graded d
l 4
| k.. rz Al Grain size -:
l (see P1, B=17)
g
> -
. N--- coarse gravel 1
Bottom of Hole at 6.0m J
4
-
-
l *p -
I Plate A-36
HT08 - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY Mp 1095.1
LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. Nov, 28, 1982 JOBNO. CG 10047 HOLENO. B-12
WATER CONTENT i $OIL DESCRIPTION OIL SAMPLE| . DRILLTYPE
wp-0 W.0 W-aA £ | oatum - g Rotary
PRACENT % DEPTH § E E E
0 M 2 & 0 ®0 m SURFACE ELEVATION OTHER TESTS
Sj GRAVEL occasional cobbles, some ]
ﬁ silty sand, frozen §
% ]

24 -- medium gravel, to 25mm &,
unfrozen, poorly graded

ar

-- gravel to 25mm @ ZAZ -

A3

Bottom of Hole at 6.0m 1.

1

i ————
Plate A-37
HTO8 - 79/05
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- BOREHOLE LOG
HARDY ASSOCIATES (1878) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING =~ DESTRUCTION BAY
GRAVEL STUDY MP 1095

LOGGED/DWN. JD/TF  {CKD. GD DATE OF INVEST. Nov. 28, 1982 [JOBNO.CG 10047 HMOLENO. B-13
WATER CONTENT SOIL DESCRIPTION OIL SAMPLE] . PRILLTYPE
wp-DO w-0Q W-A DATUM E E g Rotary

PERCENT % e E § s
OTHER TESTS

10 » ] “w 0 0 m SURFACE ELEVATION
4@ FILL gravel, coarse i

S8ILT organic, sandy,
dark brown

.5;
"3

GRAVEL, coarse, subangular,
clean

§§ Al Grain size 1
(see P1., B-18) 1

‘f-—-coarse, poorly graded

eegd--- more coarse sand
LR

Bottom of Hole at 6.0m

Plate A-38
HT08 - 79/05

' -9
!
32
|




Bottom of Hole at 6.0m

BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
GONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL Y
STUD MP 1095,1
LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. Nov. 28 . 1982 JOBNQ. -~ l0047 HOLENO. p_14
WATER CONTENT 3 SOIL DESCRIPTION SOIL SAMPLE DRILL TYPE
Wp-O w-0 WA g DATUM é g Rotary
PERCENT W DEPTH § E Ei
w W W W w m SURFACE ELEVATION OTHER TESTS
{1 S8AND silty, some gravel, brown, 4
‘11 frozen, (Fill?) .
1 1|3 _
) *d GRAVEL to 65mm, angular, some [X|Al .
{; silty sand, unfrozen ~
ek J
2 Jg )
% :
3 B m
vy ’
. -
28y -- coarse, subangular to 1
4 Z# subrounded, poorly graded A2 Petrographic =
.0 §§ Analysis .
. (Table B-5) -
”l. L.A. Abrasiond
6o (Pl. B~19) -
5 BK Sulvhate
e Soundness 4
2 (P1. B~20)
i4-- sandy, coarse, dark brown |
6 e

—
4
-
L

Plate A-39
Y08 - 79/05




: BOREHOLE LOG
HARDY ASSOCIATES (1978) LITD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL BERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP_1095,1
LoGGeDDWN. JD/TF |ckp. GD DATE OF INVEST. Nov, 28, 1982 [JOBNO.CG 10047 HOLENO. B~15
WATER CONTENT SOIL DESCRIPTION SOIL SAMPLE DRILL TYPE
wp-O W-O W-a DATUM § g " Rotary
0 ™ W 0 W w0 m SURFACE ELEVATION OTHER TESTS

%] GRAVEL to 65mm, subangular, ]
; some silty sand ]
1 5 -
A 53 Xia y
A .
2 -
& -
o ]
2 _

3 g )
rf.." 4

Vg
a B -
») “ ~-- coarse, poorly graded JXAZ :
5 ; -- frozen =1

6 o
Bottom of Hole at 6.0m 1
ﬂ
-
1
» -
L

Plate A-40

HT08 - 79/05




l BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING = DESTRUCTION BAY
GRAVEL STUDY
MP_1095.7
LOGGED/OWN. JD/TF ICKD. GD DATE OF INVESY. Nov, 28, 1982 JOBNO. °G 10047 HOLENQ. RB=]16
l WATER CONTENT S$0IL DESCRIPTION SOIL SAMPLE " DRILL TVPE
wp-0D w-0 WA i DATUM E g Rotary
n W W M w ©0 m SURFACE ELEVATION OTHER TESTS
] TOPSQIL dark brown, some ]
volcanic ash Vs i
l GRAVEL coarse, sandy, poorly d
graded ' J
i 1 ;
P\ -
Al Grain sige
l 2 -~ coarse, poorly graded, trace X (see P1., B-21)"
1 sand 4
i 3 ;
4
l ]
4 -
l 4 -- finer gravel 25mm, frozen :
l . 5 -+~ cobbles A2 -
Bottom of Hole at 5.2m ]
6 Refusal on frozen cobbles
.
. e
1
l Plate A-41

HTO8 - 79/05




BOREHOLE LOG
HMARDY ASSOCIATES (1978) LTD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP :095.1

LOGGED/OWN.  JD/TF | CXo. GD DATEOFWVEST. Nov, 28, 1982 |JOBNG.CG 10047  [HOLENO. B-17
WATER CONTENT S0IL DESCRIPTION SOIL SAM_PLE DRILL TYPE
wp-0O W-O W-a DATUM § g " Rotarv

SURFACE ELEVATION E E OTHER TESTS
N\ TORSQIL organic /] ]
8ILT sandy, brown, some organicq

1L

v

XAI

'S i Vi l '

'l

3 —
: [ |-~ frozen Xli2 h

Bottom of Hole at 3.0m .
Pefusal on permafrost -

Plate A-42

HTO8 - 79/05
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BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1.095,1
LOGGED/DWN. JD)/TF CKD. GD DATE OF INVEST. Nov. 28, 1982 |JOBNO.CG 10047 HOLENO. B-18
WATER CONTENT $OIl. DESCRIPTION SOIL SAMPLE| DRILL YYPE
wp-0O w-0O WA g DATUM . E g : Rotar~
] .
PERCENT % DEPTH § E E E
Ww M W & 0 0 m SUNFACE ELEVATION OTHER TESTS
GRAVEL coarse, little 1
Z_Q sand, brown, unfrozen b
1 -
Im -y
n : Z Al i
% -
2 -
0 A
3 kS ~
4 P -
Ol - -coarse, poorly graded, trace Z A2 Grain size
sand (see P1. B-22) .
: 1
5 -
:"‘ "
‘_::";-—— more sand
g .y A3 l
6 .00
Bottom of Hole at 6.0m
ot
-
Plate A-43
HT08 - 79/05




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD. PROJECT ~
CONSULTING ENGINEERING & PROFESSIONAL SERVICES : BURWASH LANDING - DESTRUCTION BAY
GRAVEL STUDY MP 1095.1
LOGGED/DWN. JD/TF CKD. GD DATE OF INVEST. Nov, 2B, 1982 [JOBNO.CG 10047 HOLENO. g-19
WATER CONTENT $OIL DESCRIPTION OIL SAMPLE]  DMILLTYPE
wp -1 w-0 W, a g DATUM E g Rotarv
0
PERCENT % DEPTH § E E E
1 ™ W & B m SURFACE ELEVATION OTHER TESTS
SI1LT organic, sandy, reddish- .
brown 4
1 P * L] y 1
1§ SAND trace silt and fine .
1N gravel, frozen -
Es §§ Al d
| *
2 7]
- - grey clay mixed with sand -
P -
t; i
3 N
ifl ]
|: ]
4 peq GRAVEL some silty sand, frozen
A Bottom of Hole at 4.0m
Refusal on frozen ground )
5 A

M

l ede

b

Y A

Plate A~44
HTO8 - 79/05

]




‘ BOREHOLE LOG
HARDY ASSOCIATES (1978) LYD. PROJECT —
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BURWASH LANDING = DESTRUCTION BAY
GRAVEL STUDY MP 1095.1
LOGGED/OWN. JD/TF | CKD. GD DATE OF INVEST, Nov, 28, 1982 [JoBNO.CG 10047 HOLENO. B=20
WATER CONTENT SOIL DESCRIPTION OIL SAMPLE| DRILL TYPE
wp-O W.0 W.a 5 DATUM ‘ §_ g Rotary
W W W w0 & & m SURFACE ELEVATION = OTHER TESTS
SILT organic, sandy, some ]
volecanic ash, reddish-brown, 4
frozen .

L]
)
i

el GRAVEL coarse, rounded, some J

silty sand, frozen 4
Al .

Grain size .
a2 (see P1. B=23)

Bottom of Hole at 3,.0m
Refusal on coarse, frozen gravel

i

l Fi

PR |

FERPE |

d

J_lJLl

*w

Plate A~45
HTO8 - 78/05
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HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

APPENDIX "B"
LABORATORY TEST RESULTS
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HARDY ASSOCIATES (1978)LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

APPENDIX "B"
LABORATORY TEST RESULTS

B.l GRAIN SIZE ANALYSIS (ASTM Cl36-82)

Sieve analysis of aggregate samples provides a gradation for
the bulk natural material, which may be compared with ideal
curves for concrete aggregate, asphalt, etc.

B.2 IOS ANGELES ABRASION TEST (ASTM C535-81)

This test provides information on the hardness and roughness
of an aggregate. A definite relationship exists between the
strength of concrete and the quality of its constituent coarse
aggregate, as measured by the Los Angeles Abrasion test., For
most applications, a loss of less than 30 percent after 50
revolutions, is considered to indicate a good quality
aggregate,

B.3 SULPHATE SOUNDNESS TEST (ASTM C88-76)

This test provides an indication of any structural weakness
that may be present in the aggregate. A general relationship
exits between the percentage weight loss in the test with the
compressive strength and freezing and thawing durability of
concrete made from the aggregate. In general, coarse
aggregate is considered acceptable if the weighted loss is
less than 12 percent, after 5 cycles,




B.4

HARDY ASSOCIATES (1978) L.TD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

PETROGRAPHIC ANALYSIS (ASTM C-295)

Petrographic analysis consists of a visual examination of
aggregate particles and identification on the basis of
mineralogy. Particles are assigned-a rating on the basis of
the known sourdness or deleterious nature of the mineral type,
a rating of 1 being the best and 10 being the worst, The
weighted percentage of each mineral type is then multiplied by
this rating number to produce a petrographic number (PN) for
the aggregate, The following classification, recommendation
by Ontario Hydro petrographers, is used in this report.

BN RAT ING
100-110 Excellent
111-125 Good
126~-140 PFair
141-155 Poor

155 Unsuitable




G N N N N I 0 P T GE N B G e S BN B B e
TABLE NO. 3-1
SUMMARY OF RdéK TYPES COARSE FRACTION
- M.P. 1087.86 Borehole A-2 Depth 5.8 m - 6.0 m
WEIGHTED PERCENTAGES OF CONSTITUENTS
IN EACH SIEVE FRACTION
Total
_ Weighted
ROCK TYPE CLASSIFICATION 4" 3" 2" | %" 1™ [3/4" |'%" ' |3/8™ | #4 Composition

Plutonics-acid _ 1.1 1.7 2.5 1.0 3.2 9.5
Greenstone —ultra basic 3.0 1.6 4.0 8.4 4.8 {11.8 33.6

Good
Carbonates 1.1 1.1 0.6 1.7 4.5
Metamorphics 2.6 4.0 11.2 [12.3 (22.2 52.3
Volcanics Fair 0.1 0.1

3.0 | 5.3 fl0.8 [23.2{18.7 {39.0 [ 100.0

PN = 100.2




-------------------
TABLE NO. B-2 _

SUMMARY QF ROCK TYPES COARSE FRACTION
M.P. 1087.6 Borehole A-4 Depth 3.0 m - 3.3 m

WEIGHTED PERCENTAGES OF CONSTITUENTS
IN EACH SIEVE FRACTION

Total
Weighted
ROCK TYPE CLASSIFICATION 4" 3" 2" 1 1%" | 1" |3/4" | %" [3/8" | #4 Composition
Plutonics-acid 2.4 3.4 3.9 3.9 3.1 4.5 21,2
Greenstone-ultra basic . ) 3.6 | 2.2 | 5.2} 9.5} 5.6 7.8 33.9
Good : i
Carbonates 1.1 0.8 1.4 0.4 1.0 4.7
Metamorphics . 1.2 3.4 5.2 7.8 | 9.2 13.3 40.1
Carbonatds (weathered,soft) Fair 0.1 0.1

7.2 |10.1]|15.1 j22.7 |[18.3 26.6 100.0

PN = 100.2




I N G O O D O O OO OB O BN BN T T e e B e
TABLE NO. B-3 '

SUMMARY OF ROCK TYPES COARSE FRACTION
M.P. 1095.1 Borehole B-4 Depth 5.5 m - 5.8 m

WEIGHTED PERCENTAGES OF CONSTITUENTS .
IN EACH SIEVE FRACTION
Total
Weighted
ROCK TYPE CLASSIFICATION 4" 3" 2" | 1" P 1" [3/74" | L™ |3/8" ] #4 Composition
Plutonics—acid 1.5 3.4 4.3 3.5] 4.6 4.1 21.4
Greenstone-ultra basic]. 1.5 3.6 3.8 3.3] 2.9 2.6 17.7
Good z
Carbonates 1.2 1.7 1.8] 0.8 | 0.9 6.4
Metamorphics 2.2 9.1 9.9 15.5| 7.5 6.9 51.1
oy
Volcanics - 0.6 l.6] 0.2 0.1 2.5
Fair
Carbonates (weathered, 0.1 0.3 0.4
soft)
Volcanics (weathered, Poor 0.1 0.4 ' . 0.5
soft) .
f
5.2 (17.3 [ 20.5 26.4| 16.0114.6 100.0

PN = 108.3




SUMMARY OF ROCK TYPES COARSE FRACTION

TAB

LE NO.

M.P. 1095.1 Borehole B-9

B-4

Depth 2.8 m - 3.0 m

WEIGHTED PERCENTAGES OF CONSTITUENTS

IN EACH SIEVE FRACTION

Total
Weighted
ROCK TYPE CLASSIFICATION 4" 3" 2" | 1™ | 1" [3/4" | %" |3/8" ] #4 Composition
Plutonics-acid 1.9 | 0.9 3.4 4.6 | 4.3 j4.8 19.9
Quartzite 0.9 0.9
Greenstone-ultra basic Good 3.2 2.914.8 | 2.6 4.6 18. 1
Carbonates 0.2 | 0.9 1.5} 2.5 1.1 1.4 8.3
Metamerphics 0.9 4.6 5.0[12.5 | 9.6 J14.2 46.8
Volcanics Fair 0.9 1.2] 1.0 0.8 0.7 4.6
Volcanics (slightly P
weathered, soft, friableg) oor 0.6 0.3 Q.5 1.4
[
3.7 |11.4 l14.0|26.0 [18.7 R6.2 100.0

PN = 116.2




GRAVEL SIZES SAND SIZES
COARSE | rne coanse| wmEDiM | Fne

U.S. STANDARD SIEVE SIZES '

FINES (SILT OR CLAY}

Y va oy W ' L 1) 7”0 ) 0 HO0 200 #9325

g itiE

g
i
JAHND 3ZIS NIVHD

SIDAUIS TYNOISSINOHE T ONMIINONT  ONLINSNOD
‘AL (8461) SAUVIDOSSY AQMYH

PERCENT FINER THAN
g

T-d dLVId

v
2 3226 |22
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] Bl 14 > #'
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2 zf_ m O
— -
3 vt
7 S
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] = 0 9]
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Dy = mm. »
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2 NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM




GRAVEL SIZES SAND SIZES FINES (SILT OR CLA
COARSE | FinE COARSE[ MEDIUM | Fine 1 N
U.S. STANDARD SIEVE SIZES )
100 Y XA W Yy b "o 20 M0 60 #1100 F200 325 Q T
b | »
> ;3
% | = £|2
z m B
“ o |
N
m
L
7 O
3 S i
T N e 2
- % \ < g
§ m
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O
«
a
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; D, = mm ° 4
- Dy = mm. @ [
= D: = mm. :\J :0
? . & 3
S GRAVEL 42.0%]sanp 32.0 %|FINES 26.0 %]|soiL GrouP  GM c b
m
g NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM
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GRAVEL SIZES SAND SIZES
FINES {SILT OR CLAY)
COARSE | FiINE coarse| wmepwm | Ene ,
t.S. STANDARD SIEVE SIZES
1 3"_ YT 1 MO Wy M "y 20 +H0 M0 MO0 ”7oo 325 m T
2 i3
20 = -i g g
. o i
] N
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L 0
z S |
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. GRAVEL SIZES SAND SIZES
N FINES (SILT OR CLAY)
] COARSE | e coanse|  meowm ] FINE
U.S. STANDARD SIEVE SIZES
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- H
> -
% = {9
z " B
»n &
® g N j §
m
»
70 (@] é
z o 3
« - ] R P
: -
- ] < § 3
£ m ol
F 4 \ 3
ry S0 \ & 5
h Y | | | | [Z
& IS
O a0} \
i
30} ﬁ E g E ;
é Rl m 8
{EEEE
) | 1 z|"qm = ?u
3P|l
o
10} —It - L 4 . >
"we " t 91 e MILLIMETRES 0 801 2000 u —
L T T T L T A L) 4 L \NCHES 1 ) 1 10
1 5 L] [ 3.1] [ 31} [ =]
1 1 L] aF\ % g
GRAIN SIZE gel b
) D
D, = mm. fh
o D, = L8
; n - mm. o
e Dy = . :\)
B g“ o
Yo GRAVEL 42,0%|SAND 29.0 %|FINES 29,0%]|S0IL GROUP ° -
[~
3 NOTE: UNIFIED SO CLASSIFICATION SYSTEM o




-4 HELVId

108 P9 LM

PERCENT FINER THAN
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NOTE: UMIFIED SOIL CLASSIFICATION SYSTEM

o 8|z
=« 1 §
> :|3
Z .|
o b
N 3R
m g

»

0 aa

c

0 il

< §§

m e
1E

&

v
LB 1213
|5l z{= |=|0
817 27 12|+
i Bl NE

-~

3

Q

&

FeN 9 )
'oﬁ O
el] L] IS
g

m

21 L (S
wln

8 S

w
54 [0)]

N .
. [\ %]
=
%]
[
v




+

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

LOS ANGELES ABRASION
TEST REPORT

OFFICE Calgary
FILE 4195-CG-10047
T0: Mr. G. Dupuy, P. Eng., DATE January“ 31, 1983
Hardy Associates (1978) Ltd., CLIENT P.O.
221 - 18 Street S.E., c.c.
CALGARY, Alberta.
T2E 6J5
proJec: Burwash/Destruction Bay Gravel Samples
TH A_;"’(') ‘_m; 1087.6 Pit Run _
SOURCE TYPe oF sampLe Material SAMPLED BY Client
DATE SAMPLED Dec,./82 DATE RecEVED Dec. 16/82 DATE TESTED ~ Jan. 27/83
MATERIAL GRADING: Al
ACTUAL SIEVE SIZES AMOUNT
— 1 1/2" + 1" 1250.0 e
—_ v + 3/4n 1251.0 . 9
—— 3/4" + " 1/2" 1249.7. 9
— 1/2" v 3/8" 1249.5 0
TOTAL SAMPLE 5000.2 g
NO. OF REVOLUTIONS 500
NO. OF SPHERES 12 TOTAL SAMPLE 5000.2 9
WT. OF SPHERES 4988.1 9 + 112 MATERIALAFTER 4328, 9 g
| - #12 MATERIAL AFTER 671.3 9
LOSS = 5000,.2 ~-*12 x 100 = 671.3 » 100 = 13.4 %
TOTAL SAMPLE 5000.2
COMMENTS: Test performed in accordance with A.S.T.M. C-131
MEPORT CERTIFIED \\% \ . TECHNICIAN E.K.
PLATE B-6
BURNABY + CALGARY <+ DAWSONCREEK + EDMONTON + LETHBRIDGE PRINCEGEORGE + REDDEER + WINNIPEG




HARDY ASSOCIATES (1878) LTD.

CONSULTING ENGINEERING & PROEESSIONAL SERVICES

SOUNDNESS OF AGGREGATE
SULPHATE TEST REPORT

Mr. G. Dupuy, P. Eng., FILE: 4195-CG~10047
YO: Hardy Associates (1978) Ltd., DATE: February 7, 1983
Geotechnical Division, CLIENT P.O.: -
221 - 18 Street S.E., c.c.: -
CALGARY, Alberta.
T2E 6J5
prosect BURWASH LANDING/DESTRUCTION BAY CCMMUNITY GRAVEL STUDY
TH A4, MP.10876 Pit Run
sourcg ~ 3-0-3.3 TvPe OF sampLe Material sampLep 8By Client ‘
DATE SAMPLED Dec, /82 DATE RECEWED pec, 16/82 DATE TESTED 3.5, 31/83
SOLUTION Magmesium Sulphate NUMBER OF CYCLES 5
COARSE AGGREGATE ' FINE AGGREGATE
SIEVE SIZE ORIGINAL d SIEVE SIZE ORIGINAL | WEIGHED
PASSING RETAINED | GRADING AVERAGE PASSING RETAINED GRADING AVERAGE
| PERCENT |PERCENT LOSS PERCENT PERCENTLOSS)
3 IN. 2 IN. 3/8 IN. NO. a
2 IN, 1. % IN, 1.2 - NO. 4 NO. 8 -
1 - IN, 1IN, 10.1 0.03 NO. 8 NO. 16 -
1IN, 35 IN. 15.1 0.01 NO. 16 NO. 30 -
3, AN, 2 IN. 22.7 0.09 NO. 30 NO. 50 -
s IN. 318 IN. 18.3 0.04 NO. 50 NO. 100 -
318 IN. NO. 4 IN. 26.6 0.16 NO. 100 -
TOTALS 100.0 0 32 TOTALS - -
SIZE NO. QUALITATIVE EXAMINATION OF PLUS 34" MATERIAL
FRACTION PARTICLES
3° .2 ORIGINAL
’ FINAL
27 <12 QRIGINAL
FINAL ‘
| v:-1 |ORIGINALL2 . Some pit holes were obgerved.
= FinaL 12 . Some pit holes, and cracking was obhserved.
i i
i 1
T oRiGINAL 40 | Some pit holes were ohserved .
L FINAL 40 | Some pit holes were observed.
COMMIENTS:
3P
TESTED

REPORT CERTIFIED

W{n\%m € e 20

IN ACCORDANCE
WITH ASTM CB88

9
BURNABY

CALGARV

ST"EE"'

DAWSON CIEEK

CA GARY
EDMENTON

ALBEDTA

GRANDE PRAIRIE

T2E

LETHBRIOGE

400
PRINCE GEORGE

(%)}

272-0761

610-021-1388

TWX
RED DEER WINNIPEG
HT42-11/79

PLATE B-7




SAND SIZES
. GRAVEL SIZES : FINES {SILT OR CLAY)
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& NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM




6-d FILVId

1408 PO W

PERCENT FINER THAN

GRAVEL SIZES SAND SIZES FINES (SILT OR CLA
COARSE | Fine coarse|  MEDIUM | FINE ® A\
U.S. STANDARD SIEVE SIZES
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HE Gl G I & N G G5 BN O & B B BN B R B G e
TABLE NO. B-5

SUMMARY OF ROCK TYPES COARSE FRACTION
M.P. 1095.1 Borehcle B-14 Depth 4.0 m - 4.2 m

WEIGHTED PERCENTAGES OF CONSTITUENTS L
IN EACH SIEVE FRACTION
Total
Weighted
ROCK TYPE CLASSIFICATION 4" 3 2" 15" | 1" [3/4" | %" (3/8" | #4 Composition
Plutonic-acid 1.3 4.4 6.1 6.8 4.7 6.7 30.0
Greenstone-ultra basic|. 2.8 1.0 1.4 2.9 2.4 3.3 13.8
Good
Carbonates 1.0 1.8 1.6 1.1 1.3 6.8
Metamorphics 2.8 4.8 7.8 ] 10.1 7.6 |12.7 45.8
Volcanics Fair 0.4 0.5 0.8 0.3 0.1 2.1
Volcanics (Weathered, Poor 0.1| o.6| 0.3} o.5 1.5
soft)
'
6.9 11.6f 17.7}1 22.8 | 16.4 | 24.6 100.0

PN 111.7
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HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

TO: Mr. G. Dupuy, P. Eng.,
Hardy Associates (1978) Ltd.,
221 - 18 Street S.E.,
CALGARY, Alberta.
T2E 6J5

LOS ANGELES ABRASION
TEST REPORT

OFFICE Calgary

FILE 4195-CG-10047
DATE January"27, 1983
CLIENT P.O.

c.c.

PROJECT: BURWASH LANDING/DESTRUCTION BAY COMMUNITY GRAVEL STUDY
TH B4 MP 1095.1 Pit Run - .
SOURCE 5.5 = 5.8m Tvee of sampLe Material SAMPLED BY Client
DATE SAMPLED Dec./82 DATE RECEIVED Dec. 16/82 DATE TESTED Jan. 27/83
MATERIAL GRADING: ‘A’
ACTUAL SIEVE SI2ES AMOUNT
= l11/2" + 1" 1249.5 ¢
— " * 3/4" 1250.7 9
— 3/4" * 1/2" 1250.8 ¢
- 1/2" * 3/8" 1249.2 ¢
totaLsampLe  5000.2 ]
NO. OF REVOLUTIONS 500
NO. OF SPHERES 12 TOTAL SAMPLE 5000.2 9
WT. OF SPHERES 4987.8 9 + 112 MATERIALAFTER  400c 3 0
i - 112 MATERIAL Ar;sn 923.9 )
i B000.2 - 712 923.90 8.5
LS8 = —TotaLsamrie . " ' " TSUUU x 100 = %
COMMENTS: Test performed in accordance with A.S.T.M. C~131
REPORT CERTIFIED '2“\» %r TeEcHnician E.K.
\ PLATE B-12
BURNABY + CALGARY + DAWSONCMEK + EOMONTON ¢ LETHBRIDGE PRINCEGEORGE + REDDEER + WINNIPEG

umE} 70 /1




l ]
. HARDY ASSOCIATES (1978) LTD. SOUNDNESS OF AGGREGATE
CONSULTING ENGINEERING & PROFESSIONAL SERVICES SULPHATE TEST REPORT
l Mr. G. Dupuy, P. Eng., "
\ FILE: - -
ro: Hardy Associates (1978) Ltd., DATE:  PetmooviO047 s
Geotechnical Division, CLIENT P.O.: arty
l 221 - 18 Street S.E., o] -
CALGARY, Alberta.
T2E 6J5
l proJEct BURWASH LANDING/DESTRUCTION BAY COMMUNITY GRAVEL STUDY
TH B4, MP.1095,1 Pit Run
SOURCE 5.5-5.8 m TYPE OF SAMPLE Material SAMPLED BY Client
DATE SAMPLED Dec. /82 DATE RECEIVED Dec. 16/82 DATE TESTED Jan. 31/83
l SOLUTION Magnesium Sulphate NUMBER OF CYCLES 5
' COARSE AGGREGATE - FINE AGGREGATE
SIEVE SIZE ORIGINAL | Weighted SIEVE SIZE ORIGINAL | WEIGHED
PASSING RETAINED GRADING AVERAGE PASSING RETAINED GRADING AVERAGE
l PERCENT |PERCENT LOSS PERCENT PERCENT LOSS
- 3 IN. 2 IN. 3/8 IN. NO. 4
2 IN. 1- %2 IN. 5.2 - NO. 4 NO. &8 -
1 - %2 IN. 1 IN. 17.3 0.02 INO. 8 NO. 16 =
l 1IN, 3% IN. ~0.5 0.01 Ino 18 NO. 30 -
% IN. V2 IN. 264 0,41 |nNoO. 30 NO. 50 -
2 N, 3/8 IN. 16 () .15 [NO. 50 NO. 100 -
. 3/8 IN. NO. 4 IN. 12 £ n 12 [InNoO. 100 -
TOTALS 100.0 0.71 TOTALS - -
SIZE NO. QUALITATIVE EXAMINATION OF PLUS % MATERIAL
l FRACTION PARTICLES
3 .2 ORIGINAL
i FINAL
l 2% L1k QORIGINAL
FINAL
I 1y - g originaL 22| Some cracks and pit holes were observed.
FINAL 22 Some cracks and splitting was observed.
' - oriGiINaL_39| Some pit holes were observed.
FINAL 39] Some cracks were observed.
' COMMENTS:
I @G
TESTED
' . : IN ACCORDANCE
REPORT CERTIFIED H ‘% TECHNICIAN  R.L.D. WITH ASTM C88
29 - 13 'STREET. S A CALGARY, ALBERTA, 126 &J5 (403) 272-8761 TWX 610-821-12388
l BURNABY CALGARY DAWSON CREEK MONTON GRANDE PRAIRIE LETHBRIDGE PRINCE GEORGE RED DEER WINNIPEG

HY42 - 11/79
PLATE B~13
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HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

TO: Mr. G. Dupuy, P. Eng.,
Hardy Associates (1978) Ltd.,
Geotechnical Division,
221 - 18 Street S.E.,
CALGARY, Alberta.

LOS ANGELES ABRASION
TEST REPORT

OFFICE Calgary

FILE 4195-CG-10047
DATE January- 31, 1983
CLIENT P.O.

c.c.

T2E 6J5
PROJECT:
BURWASH LANDING/DESTRUCTION BAY COMMUNITY GRAVEL STUDY
TH B-1, MP 10951, 5.0-5.5 m Pit Run
SOURCE 2.8 - 3.0 m TvPe OF sampLe Material SAMPLED BY Client
DATESAMPLED poc. /82 pATE Receivep Dec, 16/82 DATETESTED  Jan. 27/83
|A ]
MATERIAL GRADING:
ACTUAL SIEVE SIZES AMOUNT
— 1 172" 1" 1252.0 ’
— 1" ¢ 3/4" 1249.2 ’
— 3/4" ) 172" 1249.0 ’
— 1/2" ’ 3/8" 1250.4 o
TOTALSAMPLE 5000 ¢ 9
NO. OF REVOLUTIONS 500
NO. OF SPHERES 12 TOTAL SAMPLE 5000.6 )
WT. OF SPHERES 4987.8 ] + 112 MATERIALAFTER 40544 )
- #12 MATERIAL AFTER 946. 2 )
0§« 2000.6 -012 o 946,2 . w0- 18.9 %
TOTAL SAMPLE 5000. 6
COMMENTS: Test performed in accordance with A.S.T.M. C-131

TH B-1 and TH B-9 materials were combined to make up

L.A. Abrasion Sample.

E.KI

PLATE B-15

BURNABY ¢ CALGARY o oawtnc\‘m s EDMONTON s LETHBRIDGE + PRINCEGEORGE + REDDEER + WINNIPEG




HARDY ASSOCIATES (1978) LTD. SOUNDNESS OF AGGREGATE
CONSULTING ENGINEERING & PROFESSIONAL SERVICES SULPHATE TEST REPORT
Mr. G. Dupuy, P. Eng., FILE: 4195-CG-10047
TO: Hardy Associates (1978) Ltd., DATE: ¥Yebruary 7, 1983
Geotechnical Division, CLIENT P.O.: -
221 - 18 Street S.E., c.c.: -
CALGARY, Alberta.
W2E ¢J5
pROJECT BURWASH LANDING/DESTRUCTION BAY COMMUNITY GRAVEL STUDY
TH BI, MP.1095.1 5.0-«5.5m
TH B9, MP.1095.1 Pit Run
SOURCE 2.8 - 3.0 m  rvee oF sampLE Material sampLep By  Client
DATE SAMPLED Dec./82 DATE RECEIVED Dec. 16/82 DATE TESTED Feb. 1/83
SOLUTION Magnesium Sulphate NUMBER OF CYCLES 5
COARSE AGGREGATE FINE AGGREGATE
SIEVE SIZE ORIGINAL Welghted SIEVE SIZE ORIGINAL WEIGHED
PASSING RETAINED GRADING AVERAGE PASSING RETAINED GRADING AVERAGE
PERCENT |PERCENT LOSS] PERCENT PERCENTLOS
3 IN, 2 IN. 318 IN. NO. 4 -
2 IN. 1 - V2 IN. 3.7 - NO. 4 NO. 8 -
1- % IN, 1 IN. 11.4 0.08 |NO. 8 NO. 186 -
1IN % IN. 14.0 0.06 JNO. 18 NO. 30 -
% IN. v2 IN. 26.0 0.73 |No. 30 NO. 50 -
v IN, 218 IN. 18.7 0.82 [nNo.s0 NO. 100 -~
3/8 IN. NO. 4 IN. 26,2 0.97 In~o. 100 -
TOTALS 100.0 7 66 TOTALS - -
SIZE NO. QUALITATIVE EXAMINATION OF PLUS %" MATERIAL
FRACTION PARTICLES ‘
- ORIGINAL
¥ FINAL
2" - 1w ORIGINAL
FINAL
1% - ORIGINAL 16| Some cracking was observed.
FINAL 16| Some pit holes, flaking and cracking was observed.
1. ORIGINAL_ 44| Some cracking was observed.
FINAL 44 Some pit holes, flaking, and cracking was observeF.

CoMMENTS: TH #1 & TH #9 material was combined to make up Soundness
' Test Sample.

b
TESTED
t IN ACCORDANCE
REPORT CERTIFIED l,\ “ﬁ"é( TecHNiCIAN - R.L.D. WITH ASTM C88

279 - 18 STREET, s g . CALGARY, ALBERTA, T2E 8JS (403) 272-8781 ™WX 610-821-188
BURNABY CALGARY DAWSON CREEK ONTON  GRANDE PRAIRIE LETHBRIDGE PRINCE GEORGE RED DEER WINNIPEG

HT42-11/79
PLATE B-16
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HARDY ASSOCIATES (1978) LID. LOS ANGELES ABRASION
CONSULTING ENGINEERING & PROFESSIONAL SERVICES TEST REPORT
OFFICE Calgary
FILE 4195-CG-10047
TO: Mr. G. Dupuy, P. Eng., DATE Jan. 31, 1983
Hardy Associates (1978) Ltd., CLIENT P.O.
221 - 18 Street S.E., c.c.
CALGARY, Alberta.
T2E 6J5

PROJECT:  BURWASH LANDING/DESTRUCTION BAY COMMUNITY GRAVEL STUDY

TH B-14, MP 1095.1 Pit Run L
4,0 - 4.2 m Material Client
SOURCE TYPE OF SAMPLE SAMPLED BY
DATE sSamMPLED Dec./82 DATE RECEVED DeC. 16/82 DATE TESTED Jan. 27/83
MATERIAL GRADING: ‘Al
ACTUAL SIEVE SIZES AMOUNT
— 11/2" ¢ 1" 1252.1 y
— 1" * 3/4" . 1250.9 g
— 3/4m ¢ 1/2" ' 1249.8 o
"" 1/2" ' 3/8" 1247.9 g
ToTaLSAMPLE 5000.7 9
NO. OF REVOLUTIONS 500
NOQ. OF SPHERES 12 TOTAL SAMPLE 5000.7 v
WT. OF SPHERES 4987.7 g + 112 MATERIAL AFTER 3981 .5 9
L - 112 MATERIAL AFTER 10019, 2 9
l0ss o 5000.7 —r12 " 1019.2 0. 20.4 .
TOTAL SAMPLE 5000.7
COMMENTS: Test performed in accordance with A.S.T.M. C-131

REPORT CERTIFIED OL\A %( TECHNICIAN E.K.
\ PLATE B=19

BURANABY + CALGARY o mwsdncnw * EDMONTON ¢ LETHBRIDGE + PRINCEGEORGE °+ REDDEER + WINNIPEG
umE2 70 /%11




HARDY ASSOCIATES (1978) L.TD.

CONSULTING ENGINEERING & PROFESSIONAL SERWVICES

SOUNDNESS OF AGGREGATE
SULPHATE TEST REPORT

Mr. G. Dupuy, P. Eng., FILE: 4195-CG~10047
10 Hardy Associates (1978) Ltd., DATE: February 7, 1983
Geotechnical Division, CLIENT P.O.: -
221 - 18 Street SQE., G.C.: -
CALGARY, Alberta.
T2E 6J5
proJecT BURWASH LANDING/DESTRUCTION BAY COMMUNITY GRAVEL STUDY
TH Bl4, MP. 1095.1 Pit Run
SOURCE 4.0-4,2 m TYPE OF SAMPLEMaterial SAMPLED BY Client
DATE SAMPLED Dec. /82 DATE RECEIVED Dec. 16/82 DATE TESTED Feb, 1/83
SOLUTION Magnesiun Sulphate NUMBER OF CYCLES g
COARSE AGGREGATE FINE AGGREGATE
SIEVE SIZE ORIGINAL | Weighted SIEVE SIZE ORIGINAL | WEIGHED
PASSING RETAINED GRADING AVERAGE PASSING RETAINED GRADING AVERAGE
PERCENT |PERCENT LOSS PERCENT PERCENTLOS
3 IN. 2 IN. 3/8 IN. NO. 4
2 IN. 1- % IN. 6.9 - NO. 4 NO. 8 -
1 - Y2 N, 1 IN. 11 .6 0.24  |NO. 8 NO. 16 -
1 IN. LT 17 7 0. 87 NQO. 16 NO. 30 -
3 IN. Y2 IN. 99 8 a0 17 NO. 30 NO. 50 -
Yz IN. 3/8 IN. 16.4 n a4 NO. 50 NO. 100 -
3/8 IN. NO. 4 IN. 24.6 1.02 NO. 100 -
TOTALS 100.0 2.42 TOTALS - -
SIZE NO. QUALITATIVE EXAMINATION OF PLUS % MATERIAL
FRACTION PARTICLES
- ORIGINAL
FINAL
R L7 ORIGINAL
FINAL
1t . OoriGINAL 17| Some pit holes were observed .
FINAL 17| Some pit holes and cracking was observed .
e ORIGINAL 42 | Some pit holes and cracking was observed -
FINAL 41| Some pit holes, splitting, and flaking was
Qbserved.
COMMENTS:

P
REPORT CEHTnHEDO{w% Q{" tecHnician  R.L.D.
A )

LILJ
STREET,

TESTED
IN ACCORDANCE
WITH ASTM C88

219 B 18 . CALGARY, ALBERTA, T2E 6J5 (403) 272-8781 TWX #$10-821-1388
BURNABY CALGARY DAWSON CREEK MONTON GRANDE PRAIRIE LETHBRIDGE PRINCE GEORGE RED DEER WINNIPEG
HT42-11/79

PLATE B~-20
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APPENDIX "C"
BORROW RESERVE SITE PLANS

HARDY ASSOCIATES (19781 LTD.

e —————e
CONSULTING ENGINEERING & PROFESSIONAL SERVICES
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